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COJAEP)KAHUE JJEKIIUOHHOTI'O KYPCA
1. DnemeHTBI MeXaHMKH

Mexanuka - paszzaen GU3NKH, B KOTOPOM pacCMaTPUBACTCS MEXaHUYECKOE IBUKCHHE TNl U
NPOUCXOJSIINAE TPH ITOM B3aMMOJCHCTBHS MEXIy HHUMH. [10]] MEXaHUYECKUM JBUKCHHUEM
IMOHUMAKT HU3MCHCHUC C TCYCHHCM BPCMCHHU B3aMMHOI'O ITOJIOKCHHUA TCJI WU HUX qacTei.

Knaccuueckass mexanuka paccMaTpuBaeT TPUHIMIBI JBM)KCHUS MaKPOCKOIMMYECKHX Tel
CO CKOPOCTSIMH, MaJbIMH IO CPAaBHEHHIO CO CKOPOCTBIO CBeTa B BakyyMe (c = 3-108 m/c). Pe-
JISIMUBUCMCKAA MEXAHUKA PACCMATPUBAET JIBKEHHE YAacCTHUIl CO CKOPOCTSIMH, CPABHUMBIMU
CO CKOpOCTBIO CBeTa B BaKyyMme. Keawmoeas MexaHuka W3y4aeT JBIKCHHE MHKPOOOBEK-
TOB.

1.1. DaeMeHTbl KHHEMATHKU

Kunemaruka paccMaTpuBaeT reOMETPUYECKHE CBOMCTBA IBWKEHHs. /lMHAMHMKa - U3y-
4aeT ABW)KCHHE TEJI B CBSI3U C BBI3BIBAIOIIMMU €ro npuunHamu. CTaTHKa - ydyeHHE O PaBHO-
BECHH TEIl.

MarepuajbHasi TOYKa (4acTHIA) — TEJNO, pa3Mepbl KOTOPOr0 HECYHIECTBEHHBI B
YCIOBUSIX paccMaTpUBaeMoOW 3ajjaud, MpPOCTEWIIass MOJENb pPealbHOro0 OOBEKTA.

CucreMa MaTepHa/IbHBIX TOYEK - COBOKYITHOCTh OIIPEICIEHHBIM 00pa3oM B3auMOjIEH-
CTBYIOILMX YACTHILI, MOJEINb MPOTAKEHHOTO TEJA.

AOCOJIIOTHO TBepaoOe TeJ0 — CHUCTEMa YacTHI, PAaCCTOSHUS MEXIy KOTOPBIMH BCErza
HEU3MEHHBI, Tello, Aepopmaneil KOTOpOro B YCIOBUSAX JaHHOW 3aJayd MOXHO IpeHe-
Opeub.

ClulomHasi cpefa - cucTteMa, HE MMEIOIIAs BHYTPEHHEH CTpyKTypbl. B aToil mopenu
peHeOperaloT aTOMHBIM CTPOEHHEM BEIeCTBA M pacCMaTpUBAIOT MaTepUalibHble O0BEK-
Thl KaK Cpeibl C HENPEpbIBHBIM paclpeiesieHueM CBOWCTB IO 00beEMY.

MoMeHT BpeMeHHM - MPOLECC, JIUTEIBHOCTh KOTOPOro IpPEeHeOpEeKuMOo Majga B pac-
CMaTpUBaEeMOW 3ajaye.

IIpomexyTOK BpeMeHH MEXIYy MOMEHTAMHM BPEMEHH, COOTBETCTBYIOIIMMHU Hadaly H
KOHILy IIpollecca, ONPENesieTCsd IYyTeM CpPaBHEHUS €ro C JUIMTEIBHOCTBIO JTAJIOHHOTO IPO-
1ecca, peaau3yeMoro ¢ IMOMOIIBIO YacoB.

Cucrema orcyera — COBOKYINHOCTh CHUCTEMBl KOOPAMHAT W 4YacOB, CBSI3aHHBIX C TEJIOM
OTCYETA.

Yucao cremeHeii cBO0OAbLI - YKCIIO HE3aBHCHUMBIX BEIMYMH, OJHO3HAYHO
OTpeNIeNAIUX MOJIOKEHUE Tela B IpocTpaHcTBe. Uucio cremeHell cBoOOABI MaTepuallb-
HOM TOYKH B POCTPAHCTBE PaBHO TPEM.

KunemaTudeckoe ypaBHEHHe JBWKeHHs dacTuiel: 7 = 7 (1) .

B nekaprosoii cucreme koopaunar ¥ ={X ,y,z }, B chepuueckoil cucreme
7 ={r, 0, ¢} (puc.1.1).

Tpaekropusi - JUHUA, ONKCHIBAEMasl JBWKYIIEWCS dYacTULEW B NpOCTpaHCTBe. [lymb
AS - IMMHA yYacTKa TPACKTOPUHU, MPOUIEHHOIO0 YacCTUIICH 3a ONpeNeSICHHBIN MPOMEKYTOK
BpeMeHH At.

BekTop nepemeuieHusi - IPUPALICHHE paguyca — BEKTOpa YacTHULBI 32 IMPOMEXKYTOK
BpeMeHu At :

AF=F({t+At)— 7 (2).
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Cpeansisi  CKOPOCTb YaCTHMIBI <0U> = —— .

At

<V

AsS
Cpe)mm[ nyTeBasi CKOPOCTb YacTULbl: < U >=—.

At
MrHoBeHHasi CKOPOCTh 4acTHIlsl (puc. 1.2):
L . AT dFV o -
v=lm—=—=7.
WOOAL

Bextop U HampaBleH MO KacaTelbHOH K TPAeKTOPUU B CTOPOHY JIBUKEHHMSL.
IlepemMenienne 1 myTh 3a MpoMexyTok Bpemenn Al =t—to:

Af:jaaodf,As:jvdf.

- AD
CpeaHee yckOpeHHMe YacTUIBI 3a MPOMEXYTOK BpeMeHu At: < a> = A_
t
MrHoBeHHOE YCKOpPeHHMe YaCTHUILIbI:
. . AD do . -
a=lm—=—=0=7.
At—0 At dt

BekTop d JeXHUT B IIOCKOCTH, OTpesiensieMoii Bektopamu [ O (t +At), U (t)],
HAMpaBjieH BHYTPb BOTHYTOCTH Tpaektopuu (puc. 1.3) u MOKeT ObITh

-~ . - [A2 2
IpENCTaBIeH B Buge: d =d_+d,, a= a. +a, .

Taneenyuanvnoe (kKacaTenbHoe) yckopenue d. (a_ ||U) xapaxrepusyer
W3MEHEHHE CKOPOCTH IO MOAYTMIO: ar = U. Hopmanvrnoe (NEHTPOCTPEMHUTENBLHOE) YCKOPE-
HHE XapaKTepH3yeT M3MEHEHHE CKOPOCTH IO HAIMPABJICHUIO.
Bektop d, (puc.l.4). HampaBIeH K LEHTPY KPHBU3HBI TPACKTOPHUH, €C0 MOAYIb - dn =
2[R, rne R — pamuyc KpUBH3HBI TpaeKTOpuu. B 3aBucHMOCTH
OT 3HAYCHUH dr U an Pa3IMYaloT: PaBHOMEPHOE NPSMOJIMHEHHOE JIBH)KCHHE
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a

T

ar =0, an=0;

PaBHOIICPEMECHHOC HpHMOJ‘IHHCfIHOC JIBHNXKCHUC:
ar =a=const, an=0;

- PaBHOMCPHOC ABHUKCHUC IO OKPYKHOCTH:
ar =0, an=a=const =v2/R,;

- HEpaBHOMEPHOE KPHUBOJIMHEWHOE JABUKCHUE!
az ?ﬁ 0, an ;ﬁ 0 .

do
dt’
do

YrioBoe yckopeHue: € = —.

dt

Puc.1.5 CBs13b MEXKy JIMHEHHBIMU M YTJIOBBIMH BEJTHYUHAMU:
V=[®0F]; ar= Reg; an = o’R.

Yriaosas CKOpPOCTh: 0 =

1.2. D1eMeHTHl AHMHAMHUKH YaCTHIbBI H CHCTEMBI YaCTHII

CBo0OgHO BIKyIIEeCS TeNo - TelOo, HE HCHBIThIBAIOIIEe KaKUX-THMOO BHEIIHHX
BO3JICHCTBUM.

Mpuauun wHepuuu (nepBblii 3akoH HbloTOHA): cywecmeyiom cucmemvl omcuema, 8
KOMopbix €80000HOe 08UdCEHUe NPOUCXOOUM ¢ NOCMOAHHOU CKOPOCMbIO, M.e. PABHOMEPHO
U NPAMOJIUHEHO.

Takue cucremsl orcueTa Ha3biBalOT urepyuanvHuimu (MCO), ocTanbHble - HEMHEPIHAIbHbI-
mu (HCO). Ecniu cymectByer xotss 661 ogHa MCO, To moboe Temno, ABMKYIIeecs B HEl C
MOCTOSTHHOM CKOPOCTBIO MOKHO MpUHATH 3a ocHOBY Apyroir MCO. Tlonstue MCO - uaeanu-
3alMsl pealbHBIX cucTeM oTcueta. O0nacTh MPUMEHUMOCTH MPUHIUIIA WHEPIUU OXBaThIBAET
BCIO (DUBHKY.

[IpuHUKMN OTHOCUTENBHOCTH. 8Ce 3aKOHbL (PUIUKU UMEIOM 0OUHAKOBYILL
8UO 60 BCeX UHEPYUATbHBIX cucmemax omcyema. JIr0Oble HKCIIEPUMEHTHI, MOCTABIECHHBIE
OJIMHAKOBBIM 00pa3oM B ABYX paznuuHbix MCO, mal0T OAHM U Te e Pe3yJabTaThl.

CocTosiHMe 4ACTHILI B MOMEHT BpeMeHH t ompenensercs ee paamycoM-BektopoM 7 ()

u ckopoctbio O(t) (wmmm ummynscom P, (t)).
CocTosiHHEe CHCTEMBI HEPEJSITHBHCTCKHX YACTHI[ IOJHOCTBIO OMpENesieTCss Paanyc-
BeKTOpamu 7, M ckopocTsimu U, i mmmyiscamu P; () Beex wacrtmu B 3amanmbIi MOMeHT

spemenn: { T, (t);0,(t) } wmu {T.(t); P, (1)}

MHepPTHOCTD - CITIOCOOHOCTH Tejla MPENSTCTBOBATh M3MEHEHHIO CKOPOCTH.

Macca - ¢dyHAaMEHTaIbHOE CBOMCTBO MATEpHAIBHOTO Tela, OMPEACISIONIee ero
UHEPIUOHHbIe (uHepmHas macca) W TPABUTAIMOHHBIC CBOWCTBA (epasumayuonnas macca).
WNueprHas macca —Mepa MHEPTHOCTH Teia. Macca M — MOJIOKHUTENbHAS CKAJSIpHAs BEIUYU

Ha, He 3aBucsmas ot Beibopa MCO. Ilpu v << C Macca CUCTeMbl paBHa CyMME€ Macc
COCTaBJISAIOLINX €€ YacTeH.
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Nmmyabe - quHaMUYecKas XapakTepHcTHKa vacTuibl. [Ipum v << C
p=mu.
I/IMHyJIbC CUCTEMBbI HepenlaAmusucmcKux 4YacTull :
P= Z P -
Cuaa - Mepa BO3JICHCTBUSA Ha JAHHYIO YacTHIY (TEI0) CO CTOPOHBI JPYrHUX Tell.

HpI/IHIII/Il'I Cynepnosuuum CuJ: C€CiIu TCJIO IOJABCPIKCHO JIEHUCTBUI0O HECKOJIBKHUX CHUJI, U
HCTOYHHKHU CHUJI HE BIIMAIOT APYr' HaA Apyra, TO CHIIA, HCfICTBYIOHlaH Ha OJaHHOE TC€JI0, paBHA

F=%F,, tne F, - cuna, neficTByIomas Ha TeNO B OTCYTCTBHM APYTUX CHIL.
Bropoii 3akon HbloTOHA: usmenenue umnyivca mena NponOPYUOHANLHO NPUTLOHCEHHOU

cune:
dp =
PoE,
dt
Ecaun m =const, To
do = d’7 s L o=
m—=F wm m - =F, ma=F
dt dt
YpaBHeHusi ABMKEHHUS YaCTHUIIbI:
dr . dp =
m— = p; @ _ F .
dt dt

Ecan B HayanbLHBEIA MOMEHT BpCMCHU t = 0 U3BECTHO COCTOSIHUE JaCTulbl, TO IIpU H3BECTHOM

3akoHe cu1 [ :F; PCUICHUC ypaBHeHHfI ABHKCHUA OIIPCACIIACT 3aKOH ABHIKCHUS YaCTUIbI

r(t).

3aMKHYTasi cHCTeMa - CUCTEMa YacTHUIl, HE B3aMMOACHCTBYIOLIUX C OKPYXKAIOUUMHU Te-
JamMu. DTO TPEJCTaBIIeHUE — 00OOIICHHE IMOHATHS CBOOOJHON YAaCTHUIBI, KOT/Ia HEOOXO0IUM
y4eT pa3MepOB CHCTEMBI.

3aKkoH COXpaHEHHMS MMILYJbCA. UMNYAbC 3AMKHYMOU CUCMEMbl — NOCIOSHHAS  8elUYU-

P=>Pp =>m 9, = const.
3aKOH COXpaHEHMsI HMITyJbca - GyHIAMEHTAIbHBIA 3aKOH (PU3UKH.
BHyTpeHHHe CHJBI — CWIBI B3aMMOJEHCTBHS YaCTHUIl CUCTEMBI.
Tpernii 3axkon HbloTOHA: cunvl 63aumoodeiicmeus 08yx uacmuy paguvl NO GeIUYUHE U
NPOMUBONOJIONCHO HANPABTIEHbL NO JUHUU, COCOUHATOW el UX

Ha.

F12 == F21'
JlaHHBIN 3aKOH IIpUMEHUM npu U << C.
BHemHue cuibl — CWIbI, JEHCTBYIOIIME HA YaCTHULBl CHCTEMBI CO CTOPOHBI Te€ll,

OKpYKaromunux CUCTEMY.
CKOpOCTb U3MEHCHUS MHUMIIyJbCa CHCTEMbI YacCTUI[ paBHaA paBHOHeﬁCTBYIOHICfI
BHEeUIHUX CHUII:

d_P — If Bu
dt
LenTp Macc (IEHTp WHEPUMH) CHUCTEMBI - TOYKA, IIOJIOKEHHE KOTOPOHW XapaKTepHU3yeT
pacripeneneHiue macc B cucreme (puc.1.6):
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-1 B
R= H Zmiri ’
rme m= Z Mij - Macca CUCTEMBI.
- dR P
CKOpOCTh 1IEHTpa Macc: V=—=—
dt m

rne P=mV - umnynsc cucremsl. J[BWkeHME LEHTpa  Macc

OMPCACIIICTCA KaK nocmynameilbHoe IBUKCHUC CUCTCMBI.

Puc.1.6
YpaBHeHHe BH/KEHUS LEHTPA Macc:
mIR_ o
dt’®
Ecimu |E6H= 0, ToO |3 = const, V = const - YeHmp Macc U30AUPOBAHHOU CUCHIEMbl

HenoosuUdCeH Wi OBUNCEMC C NOCHOSIHHOU CKopocmbio.
3akon BCEMHUPHOI'O TATOTCHMUS - CUld 63AUMHO2O NPUMANCEHUS n100bIX
— — dgyx uacmuy npAmMo nponopyuoHailbHas np0u3eedeHw0

my F, E, M2 yacc yacmuy u 06pamHO NPONOPYUOHANbHAS KBAOPAMY
O > < O  paccmosnus medcoy HUMU
= m,m = r = r,
iy Fz'y—lzz, FlzzFﬁ, F21: FA,
r r r
Puc.1.7

rne F,(F,,) - cuna, ¢ xoropoii wactuua maccoit Mz (M1) NPUTArKBaeT YacTUIly MAaccoil My
(mg), ,, I,,=—T,- pamuyc- BEKTOpHI, COemHHsIommMe  Mic Mz (Mz2cmy), [F,| = r (puc.
1.7),y= 6,67-101* H Mm%/ xr? - I'paBUTAIIMOHHAS TIOCTOSHHAS.

VY noepxHoctu 3emnu (I = R;, M2 = M;) Ha Teno Maccoil My=m JaelcTByeT
cuna msxcecmu F,=m@, rage § - yckopeHue cBOOOJHOTO MajieHus,

= 2
gl=g=yM: /R
Bec Tena - cuiia, ¢ KOTOPOM TeJO BCJIENCTBHE TPUTSHKEHUS K 3emile JCHCTBYET Ha OMopy

WK IMOABEC. Hesecomocmob - cocTosHUE TCJIa, IIPU KOTOPOM OHO ABHUIKETCSA TOJIBKO ITOI ,Z[efl-
CTBUEM CHIJIbI TAXKCCTH.

Ynpyrasi cuia IponopLUOHaiIbHA BEMYMHE JAedopMmanuu AX !

F ={- kAx 0,0},

rae K - xecTkocTh npyxuHsl (puc.1.8). N

Cuna peakuun omopsl N - E R
NpEACNIbHBIA ClIy4all yIOpyrom CWIBI B 7 v
cilyyasix, KOrja MOXHO NpeHeOpedb Jie- _
dbopmarusiMu Ten. OJTa cujia HampaBieHa
0 HOpMalu K Puc.1.8 Puc.1.9

MOBEPXHOCTU KOHTaKTa B CTOPOHY OT omopsl (puc.l.9).
Cuiia TpeHusl CKOJIbJKEHHMsl JICHCTBYET Ha TeJo, JABIKYIIEEeCS I10 MOBEPXHOCTH JIPYTroro
tena (puc.1.9), HanpaBieHa MPOTUBOMOIOKHO JBMKEHUIO U PaBHA
Frp = u N,
rae Kod((UIMEHT TPEHHsI CKOJIBXKEHHUS L 3aBUCUT OT CBOMCTB ITOBEPXHOCTEH.
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Cuina COIIPOTHUBJICHHMA CPEAblI — CHIIA, HGﬁCTBymH.[&H Ha TCJI0, ABHMXKYIICCCA B XKHUAKOCTHU
HnJIn rasc

F.=-r1(v)0,
rae ko3¢ uiueHt (V) 3aBUCUT OT CBOWCTB CPEJibl, CKOPOCTH M (DOPMBI Tela.

Cuabl uHepuuu O0O0YCIIOBJIEHBl YCKOPEHHBIM JBM)KEHHEM CHCTEMBbl oTcueTa. BBeneHue
CHJI MHEPIMHU TI03BOJIACT COXPaHUTh Mo ¢Gopme ypaBHenus auHamuku u s HCO.

Hocmynameﬂbﬂaﬂ Chjla HMHCPLHUHU FO =—m 50 - CJIE€ACTBUC IMMOCTYNATCIIBHOI'O JABUXKCHUA

HCO c yckoperuem d, ornocutensuo MCO (puc.1.10).
Llenmpobesicnas cuia lfu = mQ? P - pesynbrar Bpamenus HCO c

YIJIOBOM CKOPOCTBIO Q (puc. 1.11), P- BekrOp, HampasieHHblli oT ocu Bpamenus HCO,
paBHBIA 110 MOAYJIIO PACCTOSHUIO YACTUIIBI 10 OCH.
Cuna Kopuomuca F, =2m[5'Q] - cuen- y

CTBME [BM)KCHHS YaCTUIILI CO CKOPOCTBIO > dy
¥' Bo Bpamaromeiicas HCO (puc. 1.11). F
. 0 m
JIeWCTBHE CHJI MHEPLMU HMCIBITHIBAIOT IaC- ]
CaXUpbl  JBIKYIIUXCS  HEPABHOMEPHO X
TPaHCIIOPTHBIX CPEACTB. x’
Puc.1.10 Puc.1.11

Cutel HHCPLUUH YUYUTBIBAIOTCA B MCXAaHU3Max, COACPXKAIUX Bpallaromucecsa ACTaJIv. Ko-
PHUOJIHUCOBBI CHJIBI BJIMAKOT HA TCUCHUC PCK U BO3AYIIHBLIX MAcCC.
MomeHT HMITYJIbCA 4YaCTHLIbl OTHOCHUTCIBLHO SaI[aHHOﬁ touku O:

L =[Fp] = [F mov]
- IMHAMUYECKAsE XapaKTEPUCTUKA YACTHUIIBL.

Bektop L HanpaBieH NepHEHIUKYJIAPHO IUIOCKOCTH BEKTOPOB 7* U P 1O

npaBuiTy npaBoro BUHTa (puc.l.12), L l=L=r pSin @, rae @ - yroa Mexay BEKTOpamu 7

up.
L M " g
ol 7 T /"
PI/IC.l.l"2 | Puc.1.13 Puc.1.14

Momenm umnynbca 4YaCTUILBI OMHOCUMENbHO oOcu, Tpoxoasuierd yepe3 Touky O, paBeH
npoexyuu eéexmopa L Ha 3Ty OCb.
MoMeHT cHJIbI OTHOCHUTEILHO 3agaHHoM Touku O:

M = [F F]
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- XapaKTepUCTHKa BpamaTeabHoro s¢gdexra cuisl. Bexkrop M HanpasiieH nepreHuKyIspHO

M \:M:rFsin(p:

IUIOCKOCTH BEKTOPOB ¥ u F' mo mpaswiy npasoro sunta (puc.1.13),
Fd, rme ¢ - yron mexay Bexkropamu 7 u F', d - miedo cuibl otHOcHTENBHO ToukH O.

Momenm cunvt omnocumensho ocu, npoxousiei uepes Touky O, -npoexyus eéexmopa M
Ha 3Ty OCbh.

IenTpasbHas cuja - CWia, HAIpaBJICHHAs IO JIMHUM, COCIAMHSIONIEH HCTOYHUK BO3-
JeHcTBUS U JaHHyIo yactuily (puc.l.14):

F =1(r) 7,
-Te I paccTosHUE [0 UCTOYHMKA BO3ACUCTBUs. [IpuMepbl LEHTpaNbHBIX CHUJI - CUJIA TSDKE-
CTH U CUJIa YIPYTOCTH.

dL -

VYpaBuenne momento: — = M

dt

- CKOpOCMb USMEHEHUS MOMEHMA UMNYIbCA Yacmuybl pPAGHA MOMEHM) CUbl, Oelcmsyloujel
Ha yacmuyy. YpaBHEHHUE MOMEHTOB, KaKk U BTOpOH 3akoH HbIOTOHA, CIy)KUT ypaBHEHHEM
JIBYDKEHUS YaCTULIBI.

—

[Ipu cBoGoauoM aBwkenun ( F=0) u B mosie HeHTpainbHbIX cua L = const.

CxopocTh M3MeHEHHSI MOMEHTAa HMIYJbCAa CHCTEMbl YaCTHUIl paBHA
PE3YJIbTUPYIOLIEMY MOMEHTY GHEUHUX CUIL:

d_l— _ M’ Bu
dt
3aK0oH coXpaHeHMs MOMEHTA HUMILYJIbCA. MOMEHM UMNYIbCA 3AMKHY
Mot cucmembl — NOCMOSIHHASL  BENUYUHA

L=>L =>][fp]= const.
3aKOH COXPaHEHHs] MOMEHTa MMITYJIbca - (DYH/IAMEHTAIBHBIA 3aKOH (U3HKH.

_ i
Ycaosus pasnoBecusi cucrembl: =0, M™ =0.
Kunerndeckasi JHeprusi 4acTHIBI - Mepa JBUKEHHUS YaCTHIBL:

2 2

mo
W = P _mo

2m 2

N3MeHeHMe KMHETHYECKOW 3JHEPruM BbI3bIBACTCS JICHCTBUEM CHJIBI:
dw g
K=0F.
dt

KuHeTHueckas SHEprUs YacTHIbl IOCTOSHHA, ecid F = 0 (mpu cBOOOZHOM JBHKEHMH), H

npu FLo (pu IBMKEHUU 1O OKPY>KHOCTH ).
MomHoCThL CHJIBI:

N=0vF
— XapaKTCPUCTHUKA CHIIOBOI'O BOSﬂeﬁCTBHﬂ Ha 4YaCTumy.
PaGora cuabl 3aBpems Ot npu InepemerieHUM yacTHIBI d7 :

SA=Ndt=Fodt=FdF = F dr cosa.,
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rae O - yron Mexay cwioii /' u nepememenuem dr

dr v
.Pabora mnpu mepemernieHun 4acTUIbI M3 T. | B T. 2 32 mpo-
MEXYyTOK BpemeHu t2—1t1 (puc.1.15) 1 a 2
2 1y ta 2 "
Ay, =[84=[Ndt = [Fodt =[Fdr . F
1 t t 1
Puc.1.15

Pa60Ta OHpe,Z[eJIHeT N3MCHCHUC KI/IHeTI/II‘IeCKOI\/’I OHCPIUH YaCTHUIIbI:
dWk =Ndt = 64,
A1z = AWk =Wio—Wk1 .

HOTBHIIP[ZUILHI)IC (KOHcepBaTI/IBHbIE) CHJIBI — CUJIBI, pa60Ta KOTOPBIX HE 3aBHCHUT OT
q)OprI OyTH WU ONPCACIIACTCA TOJIbKO HAYaJIbHBIM WM KOHCYHBIM ITOJIOKCHHEM YaCTUIHI :

2 2
A= [84" = [F,dF =W, (r)-W,(r,),
1 1

rac Wr (r) - HOTCHOWAJIbHAasA SHCPIrug 4aCTUlbl BO BHCIIHCM CHJIOBOM IIOJIC.

Pabora moTeHIMaNbHON CHIIBI HA JIFOOOM 3aMKHYTOM TYyTH paBHA HYIIIO:
{F,drF =0.
HomquuanbHaﬂ IHep2Usl onpeaeﬂ;iemc;zcmouﬁocmbio 00 np0u360/le012 NOCMOAHHOU, MAaK

Kak npu 0obaesnenun Ko 6cem 3HAYeHUAM Wn xoncmanmei C senuuuna A12 HE USMEHUMCAL.
LleHmpaﬂbele CUlbl NOMEHYUAIbHbl.

mm
[otenuuansHas sHeprus Tarotenus: Wy (r) = —y——=.

[MoTeHuumanpHas sHeprust Tena y mosepxsoctu 3emun: Wiy (Z2)~ mgz.
[oTeHnuanbHas oHEprUs  yrnpyro aegopmuposansoro tena: Wy (X) = k x%/2.
[ToTeHuManbHAass SHEPTUs YAaCTHIBI B ITOJIE HECKOJIBKUX MOTEHIMAIBHBIX

CHJI PaBHA CyMME MOTEHIHMAIbHBIX SHEPrHil YacTHIBI B OTAEIBHBIX BHEMIHMX mojsx: Wiy
=> Wri.

CBs3b NOTEHINAJIBLHOM CHJIBI H NOTEHIUAJILHOM 3HEPIruu:

oW oW oW

i — i — i
, F

y-— -5 rz-

Ox oy Y.

F:—grade, T.e Fx=-

HenoreHuuanbHble (HeKOHCEPBATHBHbIE) CHIIBI - CHJIbI, paboTa KOTOPBIX 3aBUCHT
OT JUIMHBI U (QOpMBI TpaeKTopuu. lIpuMepsl HENOTEHIMATBHBIX CHUJI - CHJIBI TPEHUS U
CUJIbl COIPOTHUBIICHUS CPENBI.

JHeprusi B3amMoJAeilicTBUSA CHCTEMbl paBHa paboTe IO yIaJeHMIO YacTHI[ CHUCTEMBbl Ha
OecKOHEUHOCTh ( WM JAis MX  CONMMKeHus). B HepensTUBUCTCKOM  CUCTEME JHeprus
B3aumozeiictuss  W® 3aBUCHUT TONBKO OT KOHQUIYpallUM CHUCTEMBl U HMMEET CMBICI
MIOTCHIUAILHOW DHEPIUM YaCTHLL.

MexaHn4yeckass JHepPrusi 4acTHUIbI - M€pa JBHKEHHS YAaCTHUIBI M €€ B3aUMOJACHCTBUSA
C OKpYXCHHUEM:

E =Wk +Wpn.

H3MeHeHne MeXaHMYeCKOl JIHePruM 4YacTHUbI PABHO PabOTE HEMOTEHLMAIbHBIX CHII,

JIEUCTBYIOIIUX HA HEe:
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AE = A(Wk+ Wp) = AHH.
Mexanuueckas IHEpcUA Yacmuysl 6 nojle NOMEHYUAJIbHblX CUl NOCMOAHHA
AE =0; E =const.
Mexanuueckasi JHEPrus CHCTEMbI BSaHMOHeﬁCTBYIOIHHX HaCTHIL:

E =>Wi+W?.

3aKOH CcOXpaHeHUs] MEXaHHUYEeCKOHM JHEPIrHuU. MexaHuueckas SHepeus
3aMKHYMOU NOMEHYUATbHOU CUCEMbL — 6ETUYUHA NOCMOAHHAA.
E = const.
Jannplii BeIBOA — (GyHAAMEHTAIBHBIA 3aKOH MPUPOIBI.
N3veHeHne MeXaHMYeCKOHl OJHEPruM CHCTEMbl YacTUIl paBHO paboTe BHELIHUX
IIOTCHUUAIBHBIX Y HENOTEHLUAIbHbIX CHIL

AE = AW+ W®) = A"+ A .

Z[HCCHHaHHH (paCCCHHI/Ie) OHCPIun — Hpeo6pa30BaHI/Ie MEXaHNYEeCKON OHCPIrul B HHBIC
q)OpMI)I OHCpPIrruu, HANpUMEpP B TCIUIOBYIO.
YpaBHeHl/IH ABHKCHUSA CHUCTEMbI YaCTHIIL.
d 2'_‘; == — 6I R
m. =F'+F" (i=1...N),
i dtz i i

rne F'- cuna, neiictByromas Ha | — 9acTHIly €O CTOPOHBI OCTAJIBHBIX YaCTHI]

= 6H
CHUCTCMBI, a Fi - CO CTOPOHBI TCJI, OKPYXKAKIHNX CUCTEMY.

Ecnu B HayanbHbIE MOMEHT BpeMeHH t = 0 M3BECTHBI COCTOSIHUS BCEX YACTHUIl CUCTEMBI, TO
pelIeHUEe YpPaBHEHUW IBUKEHUS OMPEIEISAET COCTOSHUE
CHUCTEMBI B IPOU3BOJIBHBI MOMEHT. N
VpaBHEHHUS IBIKCHUS Yacmuybl 6 NOCMOAHHOM 00HOpoonom Y jc U, one:

do = dr _
m-—=F =constt — =0
dt dt
Pemenne cucreMsl ypaBHEHMIA:
D)= D,+at; F() =T +o,t +at’/2, >
rie a= F/m, I, = F(0), 9,=0(0) - HauanbHble  paau- Puc.1.16

YC-BEKTOP M CKOPOCTH YaCTHIIBI
= _F 0 ¥ — — — 2
B cucreme orcueta, rie F = Fy, U,, = 0, =0, x=0,t y= ont + (F/2m) t°.
YacTuIia ABIKETCS B IUIOCKOCTU BekTopoB F 1 U mo mapaborne
Y = (0, 10,,) X+ (FI2m vy ) X2.

ypaBHeHI/ISI JBHIKCHHUA Yacmuyvl noo oeticmeuem Ccuivl ConpomueieHusl

Fc =—Kk U BUpOEKIMH HA HANpABJIEHWE HAYAIBHOW CKOPOCTH YaCTHIIbI 770 :
ke dx
m—=-k v, —=
dt dt

Pemenne: ©v = v ,exp(-t/1);, x= v,t[l-exp(-t/1)], taet=m/Kk.
IIpu t > © — 0, TpoWIEHHBIN NyTh 1O OCTAHOBKH PaBE€H S =T 7o .

euoicenue mena nepemenHoOU Maccvl ONPENENIET ypaBHEHHME MenepcKoro:
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do - _dm
m—=F+ u—.
dt dt
Bemmunna F, = U (dm/dt) - peakrusnas cuna xapakrepusyer aeiicTBhE Ha
TEJIO YaCTHII, OTIACIISIONIMXCSA OT Hero. Macca pakeTsl co BpemMeHeM yObiBaet ( dm/dt <0),
II0O9TOMY PEaKTHBHAs CHUJIA HANpaBjI€Ha B CTOPOHY, IPOTUBOIOJIOXKHYIO CKOPOCTU U BbLIE-
TAIONIUX ra30B OTHOCHUTEIHHO PAKEThI
Mexannyeckuii  (JAmIaCcOBCKHUiA) Ae€TePMHUHHM3M — MPEANOIOKEHHE O  IOJHOU
IPEICKa3yeMOCTH MEXaHUYEeCKOTO JBIKCHHS HAa OCHOBAHWUHW PEIICHHS YPAaBHCHUMN JIBHKCHUS.
3HaueHuss (DU3MYECKUX BEIMYMH HE MOTYT OBITh 3aJaHbl TOYHO BBHAY IOTPEIIHOCTEH HX
U3MEpCHHUs, HE MOTYT ObITh yKa3aHbl BCE JCHWCTBYIOIIAE CHIIBI, @ UX 3aKOHBI MOTYT OBITh
BECbMa CIIOKHBIMH. DTH OOCTOSITEIBCTBA OIPAHMYMBAIOT JOCTOBEPHOCTH IMPEICKA3aHUU 0
0emansax OBUNCEHUS. CUCEMbl HA O00CMAMOYHO 00J120€ BPEeMSL.
CrosikHOBeHHE (COyIapeHUE) — OTHOCUTEILHO KPAaTKOBPEMEHHOE B3aWMOJICHCTBUE Ya-
CTHII, IPH KOTOPOM CHJIbI B3aUMOJICUCTBHSI HAMHOT'O MPEBOCXO/ISIT BHEITHUE CHJIBI.
3aKOHBI ~COXpAaHEHHMs HMIIYJIbCA W DHEPIHH  JUIS CHUCTEMBI YaCTHI[, HMCIBITHIBAOIINX
CTOJIKHOBEHHUSI:

P=>p=>p =P =const, YW, = >W,+Q.
rue ﬁi, f?k - UMITYJIBCBl YACTHII, OBUNCYWUXCS CBOO0OHO 00 U nocie cmoakHogenus, Q -
pa3inyre KWHETHMYECKMX OSHEPruil 4YacTUI[ 10 W TIOCJIe CTOJKHOBEHUS OOYCIIOBICHHOE
UsMeHeHUueM 6HYMPEHHe20 COCMOAHUSL YaACUY.
Heynpyroe croakHoBenue ompenensercs ycimoBueM Q # 0. B pesynprate abcoioTHO

HEYIPYroro CTOJKHOBEHHUS MPOUCXOAUT OOBEAMHEHHE CTAJIKUBAIOIIMXCS YacTHUIL.
CkopocTh YacTHIBI 1OCIE a0COJIOTHO HEYNPYroro CTOJIKHOBEHHS YaCTHUI]

MaccaM M1, M2 U CKOPOCTAMH U, U U, W HOTEPU MEXaHHYECKON SHEpIruu:

- - 2
oo MO M, Q:_mlmz(vl+vz) <0
) 2 .
m, + m, 2(m, + m,)
Ynpyroe crojixkHoBeHMe onpezaenserca ycinoBuem Q = 0. Ilpm »TOM cymmapHas
KHMHCTHYCCKAasd JSHEPrusgd 4YaCTHIl JUIOb [OePepacinpeacisacTCsa MCXKIAYy HHUMH, OCTaBasAChb
noctossHHOM.  CKOpPOCTHM 4YacTWIl MaccaMd M1, Mz mocie  abCONIOTHO  YIPYroro

[IEHTPAJILHOTO yjapa:
U‘ _ (ml_mZ) 0, +2m2 U, U' _ (mz _ml) 0, +2m1 (%)

1 )
m, + m, m, + m,

1.3.271eMeHThI AUHAMHUKH a0COJTHOTHO TBEPAOIO Tejia

YPaBHeHI/Iﬂ OABUKCHUA TBepJ:[OFO TeJa:
d’R - dL. -
> = F ¢ - MC’
dt dt

rae m - macca tena, R - paquyc-BekTop Hentpa mace, I - cymma BreuwHnx cuwt, M., L . mo-

m

MEHT BHEIIHUX CHJI M MOMEHT MMITYJIbCa TeJla OTHOCHTENIBHO IIeHTpa mMacc (COOCTBEHHBIN
MOMEHT MMIyJbca Tena). B obmem cinydae sekmop L . ne cosnadaem c uem eexmopom ye-

10601l ckopocmu @ (puc.1.17).
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. ~ 'y 7,
o z L,
Ol {a |[C
s
X
Puc.1.17 Puc.1.18 Puc.1.19
MoMeHT UMIIyJIbCA Tela OTHOCHUTEIbHO 3aKpeIvieHHo ocu Z (puc.l.18):

—

L cz = Iz .
MoOMEHT HHEPUHH TeJIa OTHOCHTEJILHO 3aKPeNJIeHHON ocH Z:
_ .2 2y _ 2
l; = Zm.(l”,- —Z,-) = Zmupi,
TOE Pi - PACCTOSIHUE MAacChl Mj J0 TaHHOW OCH.
[Ipu HenpeppIBHOM paclpeiesieHUH MacChl:

I.=[p*dm,

rae dm =DdV, D - mnorHocts Maccel, dV - sneMeHT 0ObeMa Tela.
Momenm unepyuu mena — mepa UHePMHOCU Meld 80 BPAWYAMENbHOM  OBUICEHUU.
Teopema I[llmeiinepa: MOMEHT WHEpIMU Tena | OTHOCUTENBHO OCH Z° paBeH CyMMeE
MOMEHTa HMHepUUU lg OTHOCHUTENBHO MapalieIbHOW €l OCH Z MPOXOoIAlIe dYepe3 IEHTP
macc C Tema, W TPOM3BEACHUS MACChl Tela M Ha KBaJpaT PACCTOSHHS a MEKIy OSTUMHU
ocsamu (puc.1.19, 1.20):

| = lo+ma’.
ZA 7y
/2
v >
Z
CIUIOIIHOM 'IMJIMHJIP map TOHKHUH CTepkKeHb | =
(mack) | =mR?/2 | = 2/smR? ml %/ 12

Puc.1.20
YpaBHeHHe BpamIATEJbHOr0 JBHKEHHsI TBEPAOr0 Tejla BOKPYI HeENMOJABHKHOH OCH
MOYET OBITh 3aIMCaHO B CIACAYIOMUX (opmax:

dLZ:MZ;Ide)Z :Mz; Izgz:Mz,
dt dt

rac Lz, M; - MOMEHT UMITYJIbCa © MOMCHT BHCHIHHUX CHUJI OTHOCHUTCIIBHO OCH Z), g = (p -

yrIIOBOE YCKOpeHHWe Tena. HHTerpupoBaHWE [TaHHBIX YPaBHEHHH C Y4ETOM HaYalbHBIX
ycnoBuii - 3HaueHu m; (0), @(0) maeT 3aBUCHMOCTH OT BpEMEHH YIJIOBOW CKOpocTH @ (f)
yria nmoBopota ¢ (t).

Iiiockoe ABHIKEHHME TBEPIOro Tejia - IBIKEHHE TEa, MPH KOTOPOM BCE
TOYKH TeJa JBHXKYTCS MAapaUIebHO OJHON IUIOCKOCTH, T.€. OCh BpAILCHHUS
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HE M3MEHSAET OpUEHTAlMU B TpoctpaHcTBe. CHibl, NEHCTBYIOLIME HA TENO,
napawtenshbl wiockoctu (X, Y): F = {Fx,Fy,0}, MOMEHT cui TepHeHIuKyJIspeH ei, T.e.

M ={0,0, M;}.
YpaBHeHHsI TUIOCKOTO JABUKEHHS TBEPJIOro Tena: y
m(_i:F, Izgz:Mz, \
rae |z, M; - MOMEHT WHEpLUHMH ¥ MOMEHT BHEIIHMX CHJI OTHOCH- Rd
TEJIbHO OCH Z, TPOXOJAIEeH uepe3 UeHTp macc Tena. Llentp macc
JIBUXKETCSI B IJIOCKOCTH (X, Y), @ €ro yriioBasi CKOPOCTb TepIieH- C
JUKYJISIpHA 3TOW IIOCKOCTH: =X
® = ®z. [Ipumep miockoro ABMKEHUS — KaueHue kojeca (puc.1.21). Puc.1.21
Kuneruyeckasi JHeprusi TBepaoro TeJja :

2 2
W,=mV 12+ 1,0°/2,
rac V - CKOpPOCTh ILICHTPaA MaCC TCJia, IO - MOMCHT MHCPIHMU TECJIa OTHOCUTCIBHO OCH, IIPOXO-

JsIel uepe3 LeHTp Macc.
Pabora cus npm mnoBopoTre Teja BOKPYI HENOABUKHOH OCH Z:

¢
84= M dg; 4 = [M do.
0
1.4.D071eMeHThbl MEXAaHUKHU KHAKOCTEeH M ra3oB

ILmoTHOCTHL MAacchl P (?,t) - MacCCa BCLICCTBA, 3aIIOJHAOLICIO B MOMEHT t e,Z[I/IHI/I‘{HBII;'I

00beM Cpejibl.
Macca BemecTBa, 3aroJHSAIONIETO B MOMEHT t  3alaHHBIA 00BEM CpeIIbl

m= .[pdv.
v

Moae cxopocreii 0 =70 (7,t) - Qynkuus, onpesensiomas CKOPOCTh YaCTHIIBI CPEJIbI,
OKa3aBILIEICS B MOMEHT 1 B TOUKE € pagnyc-BEKTOpPOM T .

JInnuu Toka — kpusble (puc.1.22), HampaBieHUE KacaTelbHBIX K KOTOPHIM B Ka)KJIOM TOY-
K€ COBIAJIA€T C HAIIPABICHUEM CKOPOCTH U B TOYKE KacaHus. Tpybka moka - 4acTb KHJl-
KOCTH, OTPAaHUYEHHAsl JINHUAMHU TOKa.

JlamuHapHoe (cioucTO€) TEUeHHE, IBM)KEHHUE Cpelbl, B KOTOPOM MOKHO OJHO3HA4YHO
OINPEACIUTD JINHUU TOKA.

S1 S,

v
U
Puc.1.22 Puc. 1.23 Puc.1.24

Il10THOCTL NOTOKA Macchl: | = pO0

—

- XapaKTCPUCTHKA IICPEHOCA MACCHI. MOI[yJ'IL BCKTOpPa ] PaBCH MacCCC BCUICCTBA, NPOXOAALIC-

ro yepe3 eIMHHUIY IUIOIIA N TTOBEPXHOCTH, MEPIEHAUKYISIPHON K TUHUAM ToKa. [lomok maccwl
yepe3 IMOBEPXHOCTh S - Macca >KUIKOCTHU (ra3a), MpoXoAasias B €AWHUILY BpEMEHH dYepe3
JAHHYI0 MOBEPXHOCTH:
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J = J.p On ds.
S
YpaBHeHHe HeNpPepHLIBHOCTH:
0
—jpdV = - ifpvndS :
ot v S
CKOPOCTbh M3MEHEHUSI MAacChl B €IMHUYHOM 00bEME paBHA MTOTOKY BEIIECTBA
4yepe3 MOBEPXHOCTh, OTPAaHUYMBAIOIIYIO JaHHBIM 00beM (puc.1.23).
YpaBHeHHe HeNpepbLIBHOCTH J1Jisl TPYOKH TOKA !
Vp1S101 = p2S202 .
B opHOpOaHOI cpene (p1 = p2) CKOPOCTh TEYECHHUS B TPYOKEe TOKa OOpaTHO
MPOMOPIIMOHAIBPHA TIIOMIAN €€ CeUeHMs: S10U1 = p S2U2 = const.
Cuyia BHYTPeHHero TpeHusi (BSI3KOCTH), JACHCTBYIOIIAs B CIUIOIIHOM
cpeie Ha MOBEPXHOCTh CJI0S TUIOIAAbI0 dS: - ~
pex p man F “ s 2 v
dv > 2
dF=nm— dS,
dn ,
Az 1 %
riae dU - u3MeHeHue CKOPOCTH TEeYeHUsl  Ha paccTos- >
| v, <0,
Puc. 1.25

HUM 10 HOpMaid 0N K MOBEPXHOCTH CIIOS, 1) - [IH-

HaMH4ecKasl BS3KOCTh (puc.1.25).
HNneanbHasi KUAKOCTh — CPeJia, B KOTOPOH MOXHO TpeHeOpedh CHUIIaMH BHYTPEHHETO Tpe-

HUSL.
YpaBHeHHs1 IBM:KeHUS WAeAJbHOW :kuakoctH (ypasuenue Jinepa).

do fy
p—, = I =Vp,
dt
f - cuna, oelicmeyrowan na eounuyy obvema cpeowl, p — NaBieHNe B JaHHOM OOBEME.

e

VYpaBHeHne Oiyiepa COBMECTHO C YpaBHEHHEM HENPEPBHIBHOCTH ONMUCBHIBAET B3aUMOCBSI3aHHBIE
U3MEHEHHUs B MPOCTPAHCTBE U BPEMEHM IOJIEH IUIOTHOCTU M CKOPOCTH.

3axon Ilackansi: 6 cocmosnuu paenosecus 6 HCUOKOCMU U 2a3e OdGleHUe, Bbl3bleAeMOe
BHEUIHUMU CUNAMU, He 3A6UCUM OM OPUEHMAYUlU Bbl0EIeHHOU NIOWAOKU U nepeoaemcs 00UHa-

KOBO NO 6CeM HANPAGIEHUSIM.

[Tpu p =const B moje TSOKECTH JaBJeHHE Ha YPOBHE Z: p = po +p 0 Z,
rJie po - naBieHue Ha ypoBHe Z = 0, Z — rimyOWHA, OTCUMTHIBaeMasi B HAINIPABJIICHUU YCKOPEHUS
9. Bemumuuna p gz -eudopocmamuueckoe oOasnenue.

3aKkoH ApXuMena: Ha meso, No2PYHCeHHoe 6 MHCUOKOCMb (UlU 2a3), Oeticmeyem 6blmaJl-
Kugarowjas cuna, pasHas eecy odcuokocmu (eaza) 8 ooveme NV, evimecnennom menom. F =

pgV.
VYpaBHenue bBepHY/IM BBIpaKaeT 3aKOH COXPAaHEHHS SHEPTHHM  JUIS MMOTOKA HACaIbHOM

KHUIOKOCTH B I10JIC CUJIBI TAXKCCTU.
v?2 + gz + plp = const.
Ecimm z =const, To ©%/2 + plp = const, crenoBaTensHO, Odagienue 6oabiue TaM, TAE MeHbUle

ckopocmb, T.€. TAE Oobule ceyeHue.
TypOyeHTHOEe TeuyeHue - JABMIKEHUE CpENbl, B KOTOPOM CKOPOCTb KUJIKOCTH B KaXKJI0N

TOYKE HMCIBITHIBACT XaOTHUCCKHE KOJICOAHUS OTHOCUTEIIHHO

HEKOTOPOro CpE€AHEro 3HAYCHMUA.
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Yucao PeitHoabaca: Re = pl v/n - Ge3pasmepHas BenuvuHa, ONPEACIIAIONIAs XapakK-
TEp TEUYCHUS KUIKOCTH, P - TUIOTHOCTD XHUJIKOCTH, | — TMHEHHBINA pa3Mep Teina WM FPaHUI] I0-
TOKA, 1 - BSI3KOCTh JKUAKOCTU. TeueHne BSI3KOH KUAKOCTH B MWJIMHAPUYECKOU Tpyde C riaji-
kumu cteHkamu ipu Re < 1000 namunrapuoe, npu Re > 2300 - -typOyneHTHOe.

Pacnpenesienne CKOpPOCTH TeYeHUS BSA3ZKOHM JKUAKOCTH I10 CEYCHHUIO

TypGyHeHTHI)II?'I pexuM TPY6BI IIpH JIJaMUHAapHOM TCUCHUMU
) o(r)=wvo[ 1 - (r/R)?,
R r— o rne vo =0v(0) = (p2—p1) R?/4n | - ckopocTh Ha ocH

© > TpyOhl. Macca JKHAKOCTH, INpPOTEKAIOIIEH B CIUHMILY
BPEMEHHM uepe3 IIoNepedyHoe ceueHue paguyca R mpu
JTAMUHAPHOM TEUYEHUU -

Q=npP1—P)R*/8n]I.

JlaMuHapHBIN pexuM

Puc.1.26

1.5.Kose0anus

Konebanus — nBI>KeHUS WUIIM COCTOSIHUSI O0BEKTa, 00J1a/1al01IMe HEKOTOPO CTENEHbIO TO-
BTOPSIEMOCTH BO BpeMeHH. M3ydeHne KoneOaHnii OCHOBAaHO Ha aHAJIW3€ THUIIOBBIX MOJIENIEH
KOJIE0ATENBHBIX CUCTEM, OTOOpaXKAIOIINX XapaKTepHbIE CBOWCTBAa KoJeOaTENbHBIX IPOIECc-
COB.

Ilepuon kosed6anuii — MUHUMATBHBIA MIPOMEKYTOK BpPEMEHH, [0 HUCTEUEHHUIO KOTOPOIO
IMOBTOPAIKOTCA 3HAUCHHUA BCCX BCIIMYMH, XAPAKTCPUIYIOLIUX KoJeOaHusI:

x(t) =x(t+ 7).

Yacrora Koae6aHuii - yucio KoneOaHull B €MHUIY BpEMEHH, BEJIMUMHA, 00paTHas epuo-
ay : v=1T.

I'apMonnyeckne KoJiedDaHUs — IBIDKEHUE, OMHMCHIBAEMOE 3aKOHOM

X A x(@)=Acos (wot+ @y wmm x(t)=4sin(wot+@’),
rae 4 - am JII/ITYZI-E, o - KpyroBasi 4actora, ¢ = mot+ @o, ¢ = oot + @’ —

1 ¢da3pl koneOaHUM, (o, ¢’ - HayalbHbIE (a3bl
A IMepuoa rapmonudveckux kosebauuit 7 = 21 /wo , yacToTta
t - V= ool2m

Ckopocmb M yckopeHue IPU TapMOHMUYECKUX KOJIEOAHU-
ax: X (t) =— A4 wo sin (0o t + @o),
X(t)=—4 ®’cos (wot+ o).

Puc.1.27

CobcTBeHHbIE (c60600HbIe) KONEOaHUS - TBHKEHUE KOJIe0aTeIbHONH CHUCTEMBI, IMPEI0CTaB-
JIeHHOW camoil ce0e Mociie HEKOTOPOTO BO3JIECHCTBUS.

I'apMoHuYecKkuii OCHUIIATOP - JUHEUHbIU KOHCEPBAMUBHbIY OCYULIAMOp, TPOCTEUIIAs
TUTIOBAass MOJENb B TEOPUM KOJICOAHHIA.

MuddepenunanbHoe ypaBHeHHe COOCTBEHHBIX KoOJeO0aHUM
FapMOHHUYECKOT0 OCHUILIATOpA

.s 2
X +w,X=0.
CoOcTBeHHbIE KOJIe0AHUSI TAPMOHUYECKOI0 OCHMIIATOPA — 2apMOHUYEeCKUe KOaeOaHusl

¢ cobcmeennol uacmomou o. AmIuMTyna A W HadaidbHas ¢asza Qo ONpeAemsoTCs
HAyaJIbHBIMU YCIOBUSIMH YpPaBHEHHS

meuxenns : x(0) =xo, X(0) =wvo: 4 =\/xg+(7)0/(00)2 , tg@o =—volwo Xo.
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Mogenb rapMOHHUYECKOTO OCHIIIIATOpA MPUMEHUMA K OMUCAHUIO MAIblX KOJeOaHWM cucTeM
pu  npeneopedxcumo maiom TpeHuu. llpumepsr:

Ipysicunnoiii masmuuk - TPy3 TPUKPEIUICHHBIH K mnpyxuHe (puc.l1.28a), usuueckuii
Masmuux — HaxXoJsIIeecsl B IOJ€ TSHXKECTH TBEPAOE TeENO, 3aKpEIJICHHOE Ha  OCH, HE
COBMAjamIIeii ¢ meHTpoM Macc Tena (puc.1.286), mamemamuueckuii masmuux - HaXOMASIICECS
B 1I0JIC€ TSDKECTH YaCTHIlA, ITOJBEIICHHAS HA HEBECOMOM HepacTshkuMou Huth (puc.1.28s).

a o H 8
k g M
M l
0 X .
mg
Puc.1.28

YPaBHCHUC IBUIKCHHA
X+ (k/m)=0 0+(mgl/1)06=0 0 +(g/6=0
nepuo Kosie0aHui

T=2rnm/k T=2r\/1 /mgl r=2zl/g

DHEPTHUsd
E=mA? ©}/2 = (k 4%/2); E=14%® /2 = mgl4?/2; E=mP4Aw; /2= mgl4%/2.

JlunelHbIii OCHULIATOP - 0000IIEHHE MO TAPMOHUYECKOTO OCIMJUIATOPA, YYHUTHIBAIO-
1iee B JMHEHHOM MPUOTKEHUN CHITBI COMPOTHBIICHUS CPEIBI:

X +2BX + 0ox=0,

rae B >0 - kodpOUIHMEHT 3aTyxaHHs, XapaKTePH3YIOUIMHA TMPOIECCHl PACCESHHS YHEPTHH B
CUCTEME.

2
Ilpu cnabom s3aryxamum (M, > B2 ) ocuummATOp COBEpHIACT 3amyxaioujue — KorebGaHus

(puc.1.29) ¢ wacroroit ® = w/co(z) —[32 U aMIUTUTYIOU, U3MeHsomIecss o 3akoHy A (t) =
Acexp(—pt) :
X(t) = Aoexp(—Pt) cos(m t + o).
YcioBHBII NepHO] 3aTyXammmx Kojgedanumii: T =27/o.
JlorapugmMuyeckuii JeKpeMeHT 3aTyXaHHs:
At r 1
AW g T

At+T) t N

rae N - gucio kosjebaHuid, COBEpIIaeMbIX 3a BpeMst  penakcanuu T = 1/ .

0=In



CMOJIEHCKNA
Hanpaenenue noocomosxku 12.03.02 «Onmomexuuxay (¢ @uanan

J S
Ipogunv «Onmuro-s1eKkmponnsie npubOpsL U CUCTEMBLY W |
Memoouueckoe obecneuenue oucyuniunvt 51.0.05 «Duzuxay vun_

[=3 N1
IA
=

N

Puc.1.30

2
Ilpy ®, < B? ocumaasTOp coBepmiaeT  anepuoduueckoe (HEKONEOATETHLHOE) IBIKEHHE K

coctostHMIO TToKos1 (puc. 1.30).

JodpoTHoCcTh ocumiasaTopa Q= 2 n|<E>l A<E>| - XapaKTepUCTHKA IOTEPb SHEP-
rud ocuuuiAtopa, rae <E>/ A<E> - oTHomieHue 3amaceHHOW SHEPruM K CPeIHEH SHEpruu,
TepsiemMoit 3a mepuoi. Ilpu cmabom 3atyxanuu (wo>>P) Q=n/pT=w/2p >>1.

BoiHy:KIeHHBbIEe KOJIe0aHUs: HE3aTyxarolue KojeOaHWs TpU TMEpUOJUYECKOM BHEII-
HEM BO3JCWCTBUM HEMOCPEACTBEHHO Ha COCTOSHHE CUCTeMBbL. llpu 3TOM @Hewnee go3deli-
cmeue He USMeHsem napamempuvl OCYULIAMOPA, & OCYULIAMOpP He GIusem Ha C80UCMBA UC-
MOYHUKA B030€UCMBUsL.

BbIHy:KIeHHbIEe KoJIe0aHHA JIMHEHHOr0 OCHWLISATOPAa TIPH TapMOHHYECKOM BHEIIHEM
BO3/ICHICTBUM OMHCHIBAIOTCA ypaBHEHUEM

X+2B X + o)X =fcosQt.
IMlpu t>>t=1/ B cucTeMe yCTaHABIMBAIOTCS HE3aTyXaloIIHe BBIHYXKICHHBIC KoJieOa-
HUS
X(t) =Acos (Qt-9),
rae A, 0 -ammumMTyaa W pasHoCTh (das:

A |
A= f/ (02 —Q?)? +4B2Q7
B,<B,<Ps tg 8 =2pQ/(w;—Q?),
Tpu cmabom saryxammd (O, >2B%)  ammmaTyma
uveer munumym Ao=flo; mpu Q=0 u max-
Ao cumym An=T1128,/ @) —2B° ma wacrore Qp=

0 N V0 —2p°.

Qpi o Q HpH 0)0>>B Am/AOZ(DO/ZBZQ >> 1.
Puc.1.31

Pe3onaHc - sBIEeHHE PE3KOr0 BO3PACTAHUS AMIUIUTYABl BBIHYKIEHHBIX KojeOaHUi
npu TPUOIMKEHUH YacTOThl () BHEIIHETO BO3ACUCTBHUS K XapaKTePHOW ISl CUCTEMBI pe-
30HaHCHOM 4YacTOTe.

[Ipy HerapMOHMYECKOM BO3MYILEHUH, hopma KoareOanuii IUHEUHO20 OCYUILIAMOPA OMiu-
yaemest om opmel KoNeOAHUL BbIHYHCOAIOWEU CUTLbL.

Cunoxenne TFapMOHMYECCKHUX KoJIe0aHUH. I[BI/I)KCHI/IG CUCTEMBI, yqaCTBonmeﬁ B HC-
CKOJILKUX KOJ€0aTeNbHbBIX mponeccax, pacCMarpuBacTCA KaK PpE3YbTaT CIOXKCHUA KOJIC-
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Oanwuii. Pa3nuyaroT crnoxenue koneOaHUM, COBEPILAIOIIUXCS B OJIHOM HANpaBiICHUH U CIIOXKe-
HUE KoJeOaHHii, COBEPIIAIOIINXCS BO B3aMMHO MEPIECHANKYIISIPHBIX HAIIPABICHUSAX.

Pe3ysabTar ci0keHHs JIBYX TapMOHHMYECKHMX KOJeO0aHWH OJUHAKOBOH YaCTOThl H
OIHOTO HaNpaBJIeHUSs

X1=A1€08 (ot + @ 1), X2 = A2 cos(ot + ¢ 2)
— TapMOHHUYECKOE KOJICOaHWE TOTO KE HAIMpPABJICHUS U TOW K€ YaCTOTHI:
X=X+ X =A4cos(ot+¢),

rie amIuinTyna A U HadanbHas (asza Haxonarcs mo popmynam

A=A +A +2A A cos(o1-¢2);
_Asing, +Asing,
A cosp, +A, cosp,
IIpry @1—@2 =x2tm (M=0,1,2.) A=A+ Ay,
mpu @1—-¢2 =t @m+l)r (Mm=01,2.) A= |A—As].
buenus - pe3ynpTar CIIOKEHHUS JBYX T'apMOHU-
YECKHUX KOJIeOaHU ¢ ONM3KUMHU
gactoramu (puc.1.32). Eciu
x1 = Asinoit u x2 =A4Ssin ot
(01>> Ao = |o1— 02|, ®2 = ®), TO
x = 24sin [(Ao/2)t]sino t.
[Tepuon xoneOaHUit aMIUTATYIbI
To=2n/ Aw, To >>T=27lw

tgo

Puc.1.32

Cio:keHue B3aHMMHO TEPHEHIUKYJISIPHBIX KoJiebanmii. [lepuonnyeckue OBWKEHUS Ha
IUIOCKOCTH WJIM B MIPOCTPAHCTBE MOTYT OBITh MPEACTABICHB KaK COBOKVNHOCMb KOIeDAHU
BJIOJb COOTBETCTBYIOIIMX OCEH KOOpIMHAT.

Pesynbrar crnoxenust konebanuii X=AC0S®t, y=Bcos(ot+o)

- newxkenue 1o awauncy (XIA)? + (yIB)? — 2(xylAB) cosp = sing,
pasMepbl W OpPUEHTAIUSl KOTOPOTO 3aBHCHUT OT aMIUIUTYJ CKIIQJBIBAEMbBIX KOJICOaHUH | pas-
HOCTH (a3 ¢.

ITpu @ =t mn, m=0,1,2.... 5;MIC BBIPOKIAETCS B OTPE30K HPSIMOU
y = £ (BlA)x, Tae 3HaK IUTFOC COOTBETCTBYET YETHBIM 3HaueHusM M (puc.1.33a), a 3HaK MUHYC
- HeveTHbIM (puc.1.336).

Ipu ¢ =(2m+1) ©/2, m=0,1,2.... OCH dJIMIICA COBIAJAIOT C OCSIMHU
KOOpJMHAT, a pa3Mepbl ero mojyocei paBHbI amruiuTyaaMm A u B (puc.1.336)

(x/4)? + (WIB)? =1.
TpaexTOpust 3amxkHyma, €Clny 3HAYEHUS X,) OOHOBPEMEHHO NOBMOPAIOMCA

a Y O y4 6 Y 2 !

y
Bl g S DN R
LS e (s

Puc.1.3

yepes 00UHaAKo8vle npomedxicymku epemeru To, paBHbBIC HAUMEHBIIEMY OOIIEMYy KpPaTHOMY
nepuosioB T1=2m/w1u T2 =21 /w2, T.e. ipu P 01 = w2, rA¢ P,J — 1enabie uncia. Takue Tpa-
eKTOpPUU Ha3bIBAOT ¢ueypamu Jluccaxcy (Puc.1.34).
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4 A AVZAVA )
p=1,q=2 p=1,9=3
Puc.1.34
1.6.Bosinbl

BoJiHbI - BO3MYyIIIEHHUS HEKOTOPHIX (DU3MUECKHUX BEIWYUH, PACIIPOCTPAHSIONINECS OT MECTa
UX BOSHHKHOBEHHSI C XapaKTepHOH CKOPOCThI0. OCOOCHHOCTh BOJIHOBBIX JBW)KCHUH - HAJTMUUE
Onuzkooelicmeyowell 63U  MEXKIY BO3MYIICHHSIMU B COCEAHMX TOYKaX IPOCTPAHCTBA.
[lepenaya MoOJOOHBIX BO3MYIICHUH OOYCIIOBJICHA IPUYHHHO-CIICICTBEHHOM CBSI3bIO M HE MOYKET
NPEBBINIATh CKOPOCTH CBETA B BaKyyMe.

Bosanosas ¢ynkuusa y(I,1) — pynxuus, xapakrepusyolas COCTOSHHE BCEX 3JIEMEHTOB
BOJIHOBOTO IIpoliecca B JIFOOOH MOMEHT BpeMeHU. BonHOBBIE QYHKIIMM MOTYT OBITH Kak
ckansipamu (YpOBEHb JKUJIKOCTH, JIaBJICHHE I'a3a), TAK U BEKTOPaMH (CKOPOCTU YACTHIL CPEIbI).

KunemaTnyeckoe ypaBHeHHe Oerymieii BOJIHBI :

t y(x,t)=f(x + vt).

t=t= 0 —
3aBucumocth f (X + v t) HasbiBaIOT
P (x Fo b
A / npoduaeM BOJHBI, BETUYUHY & = X
/ v (X, 0)/ v (X t) + vt - dasoi.

N~ ‘ﬁ Ha pwuc.1.35 npoduns BONHEI pu U =
. X const mepemerniaercs 0e3 W3MEHCHHI

< X e ot > B HAIIPaBIICHUH + X CO CKOPOCTHIO U .
3 X . Bouna, pacrpocTpaHsmomasics B
HaNpaBlIEHUU—X OMHCHIBaeTCS (PyHK-

Puc.1.35 mein  y(x,t) =f(x + vt).

®da3zoBasi CKOPOCTb U - CKOpOCMb nepemeujeHusi ¢)asbi BOIHBI.

BoanoBan MOBEPXHOCTb — FrCOMCTPHICCKOEC MCCTO TOYCK C OI[HHaKOBOfl
(1)2130171. BomnHoBbIE NOBEPXHOCTU ININIOCKHUX BOJIH - INIOCKOCTHU, HNCPICHIAUKYIIAPHBIC HaIlpaB-
JICHUIO PpacripOCTpaHCHUSA BOJIHBI. BomnHoBrIe IMMOBEPXHOCTHU Cd)épMHéCKOZZ BOJIHBI

y(rt) ~f(r=ot)/r

- KOHIOCHTPUUCCKHC cq)epm, B HOCHTPC KOTOPBIX HAXOAUTCA TOYEYHEIN HUCTOYHUK, I —
paccTosiHHE OT MCTOYHHMKA J0 paccMaTpuBaeMoi TOUkH (puc.1.36). BonHOBbIe MOBEpXHOCTH
uuﬂuudpuqe ux BOJIH — IMOBCPXHOELTU HOUWIMHAPOB, COOCHBIX C NHUIMHAPUYCCKHUM HUCTOY-
EE—

I
Puc.1.36 Puc.1.37 Puc.1.38

BoJsiHOBO#i (pOHT - BOIHOBAs MOBEPXHOCTh, OTACNAIOIIAs 00JacTh MPOCTPAHCTBA C BOJHO-
BBIM JIBUKEHHEM OT HEBO3MYIIEHHOW OO0JacTH.
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IIpogoabHbIe BOJIHBI — BOJIHBI, B KOTOPBIX KOJEOAHUS MPOUCXOAST BAOJIb HANpaBIICHUS
pacnpoctpanenus BoJHbI (puc.1.38). [IpogonpHble BOJIHBI BO3MOXHBI B Ta3ax, XHAKOCTSIX
U TBEPIABIX TeNax.

Ilonepeynble BOJIHBI - BOJHBI B KOTOPBIX KOJNEOAHUS MPOHMCXOIAT TEPIECHIUKYISIPHO
HAIpPAaBIICHUIO pacnpocTpaHeHusi BoJHBI (puc.1.39). ITlomepeuHbiMH  SBISIOTCA  BOJIHBI Ha
MIOBEPXHOCTU KHJKOCTH, B TBEpIbIX Telax ( HalpuMep — BOJHBI, PACHpOCTPaHAIOIIMECS B
CTpYHax).

YpaBHeHue mJjockoii Oerymeidl rapMOHMYeCKOH BOJIHBI

vy (F,t) =4cos(ot— KT+ ¢o),

—

rae K = ki - BoIHOBOI BEKTOp, yKa3bIBAIONIMII HAIPABICHHE PACIPOCTPAHEHHS BOIHEI 1 -

€IMHUYHBIA BEKTOP.
Bri6paB KOOpIMHATHYIO OCh BJOJb HAMpaBieHUS BOJHOBOTO BEKTOpAa, MOKHO 3alHUCcaTh
vy (T,1) BBume
v (X, t) =4cos(ot—kx+@o)=
=Acos[o(t—x/v)+¢o] =A4cos [2rn(t/T—x/L)+ ¢ o],
rae A, o, K, o - COOTBETCTBEHHO aMILIMTY/a, YacTOTa, BOJHOBOE YHCJIO U
HavaiapHas (asa.
da3oBasi CKOPOCTb TAPMOHUYECKON BOJIHBI:
v = olk
I'apMonnyeckasi BOJIHA nepuooudHa 60 8pemeHu C TIEPUOJIOM
T =27n/w.
JIIMHA BOJIHBI - TPOCTPAHCTBEHHBIN NIEPUO]I TAPMOHUYECKON BOJIHBI,
paccTosiHue TPONIACHHOE BOJHOM 3a TEpPHOJ KojeOaHus

rA=2nlk = vT.
BoJsiHOBOE 4YHMCJIO — NPOCTPAHCTBEHHBIM aHAJIOr KPYTOBOM 4acTOTHI :
k =2n/ A,

YHCIIO JIJTMH BOJIH, YKJIaIbIBAIOIIMXCS HA OTPE3KE 27.

BosiHOBO# BEKTOpP — BEKTOp, HAlpaBJICHUE KOTOPOTO MEPHEHIUKYIIPHO GPOHTY Oeryriei
BOJIHBI, a a0COJIIOTHOE 3HAUYCHHE PABHO BOJTHOBOMY UYHCITY.

Crosiuasi BOJIHA - TIPOCTPAHCTBEHHO PACIPENICICHHOE KOJie0aHHe B HEKOTOPOW OrpaHu-
YEHHOM 00J1aCTH, OMMChIBAEMOE 3aKOHOM

y (F,t) =4(T)q.
[TpuMepbl cTOSYMX BOJH - KOJIeOaHUs Ta3a B TpyOe, KoieOaHHus CTPYHBI C 3aKPErJICHHBIMU
koHIamu (puc.1.40).

Crosiuasn rapmonmveckasi BoaHa \ (X,1) Moxer ObITh  IpejcTaBieHAa B BHIE CY-
NEPIO3UIIMKA JIBYX OETrymuX B MPOTHBOIOJIOKHBIX HAIPABICHUSIX TAPMOHUYECKUX BOJH C
OJIMHAKOBBIMH YaCTOTaAMHU:

v (X,1) =24 sin(k x) sin(owt) =4 cos(wt—kx) — 4 cos(o t + Kk X).

B kaxmoi Touke MPOUCXOIAT KOJEOAHUs C YACTOTOW 0 M aMIUTUTYIO0U
| 24sin(k x) | , 3aBucsmeii oT KOOpIMHATHL.

Ilyunocmu cmosiueti 6onnbl - TOUKU Xq = (N + %)m/k = (n + %) A/2,
n=0,1,2,..., roe aMIUINTyJa MaKCUMaJlbHa W paBHA 24.

Vol cmosueii 6onnwt - Touku X, = Nm/lk=nA/2, n=0,1,2, ..., tne
aMIUTUTY/Ia PaBHA HYITIO.
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v A gk UI
v3en ITYYHOCTh »
)\
X
/
[ o

0 | x Puc.1.41

Puc.1.40

PaccTosHust Mexy AByMsl COCETHUMU IYYHOCTSIMH WA JBYMS COCEJHUMH Y3JaMH PaBHBI
JUTUHE CTOSIUCH BOJTHBI Ay = A2 :
Xon+l — Xugn = 7\‘CT: 7\4/2, Xyn+l — Xyn= }\«CT: A2
Ha >xecTko 3akperieHHbIX KOHIAX CTpyHbl (puc.1.40) HaxomsaTcs y3ibl cmemeHus. Ha
mmuHe | cTpyHBI yKIIapIBaeTCsl 1EN0e YUCIIO JJIMH CTOSYCH BOJIHBI Acr
I=nA/2 (n=1,2,..)).
Co6cTBEeHHbIE YACTOTBI KOJE0aHH CTPYHBI: Vn = NV /2 1.
Jucnepeusi - 3aBUCUMOCTH ()a30BOM CKOPOCTH BOJHBI OT YacTOTHI €e
KoJieOaHUH (JIJTMHBI BOJIHBI).
BoJyiHOBOII maker - Cynepno3suuys BOJH, MajJ0 OTIMYAIOMMXCA APYT OT
Ipyra W 3aHUMalonas B KaXIblii MOMEHT BpPEMEHU OrpPaHHYEHHYIO 00J1acTh MPOCTPAHCTBA
(puc.1.41).
I'pynnoBasi ckopocThb - CKOPOCTb, C KOTOPOU MepeMeINIaeTcs HEHTP BOJIHOBOTO MAKeTa:
do dv,
Vo= H = V¢ —A o
B 3aBucumocTy OT BHAA JUCHEPCUU TPYIIOBas CKOPOCTh MOXKET OBITh Kak OOJbIle, TaK U
MeHbIne pa3oBoii. B Hemucneprupyromei cpene
dv¢/dh =0, u rpymnmoBas CKOpoCTh coBmamaet ¢ $pa3oBoit (V. = Ug).

dpdext Joniiepa - U3MEHEHHE YaCTOThl M3JIy4eHHs, pPErHCTpHpyeMoe HalironaTenemM
IPU OTHOCUTENIbHOM JBHUXECHUM HCTOYHUKA M HaOIIOAaTes.

Ecin HMCTOYHMK BOJIH YAQIA€TCA OT HENOJABMKHOTO IPHUEMHHMKA  CO CKOPOCTBIO U, TO
PETUCTPUPYETCS U3IMYUYEHUE C 4acToTol v = Uvo/ (U + U ), rie U — CKOpOCTh pacimpocTpaHe-
Hus BOJH. B naHHOM ciydae v < vo.

Ecimu MCTOYHMK BOJH TPUOIMKAETCS K MPUEMHHUKY TO V= U vol (U —1u ),

u v>vo. Ecnu ucrounuk, usnydast 3Byk Ha yactore 400 I'm, nBuxkercs ¢ ©U=30 m/c K He-
MOJIBMYKHOMY HAOJIOIaTeN 0, TO OH YCIBIIUT 3ByK Ha yacrore Vv = 330-400/ (330 — 30) =
440 (T'm). Ecnmu npueMHUK JBHXKETCS K HETIOJBIDKHOMY HMCTOYHHKY , TO V = vo (U +u)/ v, v >
vo. Ecniu mpueMHUK yaansiercst oT uctounuka v = vo (0—u )/, v< vo.

BoJiHOBbIe ypaBHeHUs1 - JubepeHInaibHble YPaBHEHHsT B YaCTHBIX POU3BOJHBIX, OIH-
CBIBAIOIIME  TMPOCTPAHCTBEHHO- BPEMEHHOE W3MEHCHHE BOJHOBBIX (yHKIMA. BonHOBbIC
YPaBHEHHUS CICIYIOT U3 YPaBHEHHUH JBUKECHHUS COOTBETCTBYIOIIMX CHCTEM.

IpuHoun cynepmo3uuum: 3MeHEHHE COCTOSHHS, OMUCHIBAEMOE BOJHOBBIM ypaBHECHHEM,
MOXKET OBITh TPECTABICHO B BUJIE CYMMBI HEKOTOPBIX BOJIH, KaKIasi W3 KOTOPBIX YIOBIECTBO-
pSIET ATOMY K€ YPaBHECHHIO.

JIaHHBIN MPUHIAI BBITOJHSAETCS TPH OTHOCHTEIBHO MAaJbIX BO3MYIIEHHSX, KOTAA CBOli-
cmea cpedbl He 3ABUCAM OM BO3MYUWEHUU, CO30A8AEMbIX 60IHOL, BOIHOBBIC NPOLECCHI OIH-
CBIBAIOTCS JIMHEHHBIMH yYPaBHEHUSMH.

BouiHoBoe ypaBHeHMe:
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2 v? Vzlll =0,

ot

rae U= cONnst — CKOPOCTh BOJIHBI, ONHKCHIBAET BOJHBI B OJHOPOAHBIX M M30TPOIIHBIX Cpelax.
s niockou 801HbL, pACNPOCMPAHAIOULEUCS N0 OCU X,

ot? ox?
OO1ee penieHre ypaBHEHUS - CYNEPIIO3UIMS JABYX BOJIH, OETyIIux
HaBCTPEUy APYT APYTY CO CKOPOCTAMHU U U — U
v (%) =yi(x— 0t) +yo(x+ vVt).
Bun BOMHOBBIX QYHKIMH ONpEAENsSeTcs YCIOBUSMH BO30Y)KICHHS BOJHBI.

CxopocTh pacnpocTpaHeHUs BOJH OINpEAENseTcss MNPUPOAOW Cpelabl M BHJIIOM BOJHBI
IlpooonbHble yNpyrue BOJHBI CHCAMUA-PACMANCEHUS B TOHKOM CTEP)KHE, PACIPOCTPaHSIOT-

= 0.

csi co ckopocThio U= +/E/ p,rae E—monyns IOHra, p - maorHocts cpensl. CKOpOCTh pac-

NPOCTPAHCHUS nonepeurbix BOJH B TBEPAOM TCIC - U = 4/ G/p , TAC G- MOAYJIb CABUTIA.

JHeprusi ynpyrou cpeiabl, B KOTOPOH IPOMCXOAUT BOJIHOBOE JIBUKEHUE, CKJIA/bIBACT-
Cs M3 KHUHETMYECKOW PHEPruM JBHXKYIIMXCS YaCTUL] M IOTCHLUUAIBHOW 3HEpruu, oOyCioB-
JeHHOM nedopmanueii. B Oerymeld BoiHe Malioii MHTEHCHBHOCTH SHEPTHUS MEPEHOCUTCS CO
CKOpPOCTBIO BOJIHBI 0€3 IepeHoca
MAacCBhl.
O0beMHasi NJIOTHOCTH JHEPIrHMM W - SHEprus BOJHBI B enuHuIe oObema. J[ist rapmo-
HUYECKOM BOJIHBI C YaCTOTOM ® W aMIUIUTYAOW A cpeaHee
3Ha4eHUe OOBEMHOM IIOTHOCTH SHEPIUU PABHO
<w> =% pA?o?.
ILI0OTHOCTHL TOTOKA PHEPrMM - BEKTOp J, HAIpPaBJIEHHBIA B CTOPOHY
IIEPEHOCA JHEPTrUU BOJIHOM, PaBHBIM 110 MOAYJIIO SHEPIUH, NEPEHOCHUMOW B €IUHUILY BpeMe-
HU 4Yepe3 eAMHUILY IIOLIaIu:
J=ow
NHTEHCHBHOCTL BOJHBI — CpeJHee  3HAYyeHUe  IUIOTHOCTM  IIOTOKAa  DHEPIUM:
I=<J>= v<w>.
VHTEHCHBHOCTh TapPMOHMYECKOW BOJIHBI:
| = % p A2 0%,

1.7.91eMeHTHI CIeNMAIbHON TEOPUH OTHOCUTEIBLHOCTH

IIpeodpasoBanns I'anmiiest - COOTHOIIEHHs ONPENEISIOIIME CBA3b KOOPAMHAT TOYKH B
nByx UCO npu v<<c. Ilpu nBuwxenun K’-cucrems! co
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CKOpOCThIO V B TONOXUTEILHOM HampaieHun X (puc.l.41)
npeoOpa3oBanus l'anwies UMEIOT BHI:

x=x" +Vt,y=y,z=7 t=1";

X'=x—-Vt,y=y, 7 =1z t'=t
Creocmeuss w3 mpeoOpazoBanuii ["amues:

A<

KJIACCHUYECKMH 3aKOH CJIOKeHMs ckopoctelr U = U ‘4+V ;
He3aBUCUMOCTh oT BbiOOopa MCO  yckopeHus, Cua W BHJIA
YPaBHEHUs, BBIPAXKAIOIIETO BTOPOM 3akoH HeloToma: d =a*;

O X F=F;md =F,ma=F.
Puc.1.42

IHocTynarsl cnenuaJbHOH TEOPUH OTHOCUTEIbHOCTH

1. Ilpunyun omnocumenvrocmu: Bce (HU3NYECKHUE SBICHUS NPOTEKAIOT OJUHAKOBBIM 00pa-
30M BO Bcex MHepuuanbHbIX cuctemax otcuéra (MCO); Bce
3aKOHBI MIPUPOJBI U YPABHEHHMS, UX OIMHMCHIBAIOIINE, THBAPUAHTHBI 110 OTHOIICHHUIO K WHEPIHU-
AIbHBIM CHCTEMaM OTCUETA.

2. Ilpunyun uneapuanmHocmu cKopocmu céema: CKOPOCTh CBETa B BaKyyMe HE 3aBHCHT OT
JBUKEHHS NCTOYHUKA CBETa U OJMHAKOBA BO BCEX HAIMPABJICHUSX. DTO O3HAYAET, UTO CKOPOCTh
cBera oauHakoBa Bo Bcex MCO.

IIpeoGpazoBanusi JlopeHma: mpeoOpa3oBaHus KOOPAMHAT W BPEMEHU IMPH IEpPexXoje OT
OJIHOM HHEpIUAaIbHON cHuCcTeMbI K Apyroi. Ecmm cuctema orcuéra K’ nBHKETCS C MOCTOSTHHOM
CKOPOCTBIO U TapajuieIbHO ocM X HHEpIUaNbHON cucteMbl oTcuéra K, TO

K—>K: x=X+0t)T; y=y;, z=27; t=({t+0v’'x/c*)T;

K>K: x'=X-0t)I[; y' =y, z’=z, t'=(t-0vxc)T,

rme p=ovlc; T=1/1-pB*>1.

IIpu U <<c mpeobpazoBanus JlopeHua coBnagarT ¢ mnpeoOpa3oBaHusAMH [ amuies.

Cuencreus u3 npeodpasopanuii Jlopenua:

OmunocumenvbHocmy nowsimus oOHogpemenHocmu: ecau coObitusg A1 1 A2 B K-cucreme
HPOUCXOAAT OJHOBPEMEHHO B Pa3HBIX TOYKaxX (X1 # X2),

10 B K’- cucreme 3T cobbITH He oHOBpeMeHHSI (£, # 1)).

Ipomesxcymox epemenu medxcoy coovimusamu Al 6 osuscywetica MCO,
UsMepeHHblll HenoosudCHuIM Habmooamenem - At 6orvue, yem 0na HabaroOdamens 8 0BUNCY-
wetica MCO. JInuTenbHOCTh COOBITHS, TPOUCXOJSIIETO B HEKOTOPOW TOYKE, HAaUMEHbINAs B
toii UCO, OTHOCHTENBbHO KOTOPOH 3Ta TOUYKA HEMOJBH)KHA!

At = Ato I' > Ato,

T.€. ABIKYIIUECS Yachl UIYT MEJIEHHEH.

Jnuna mena lo, usmepennozco 6 osuscyweticas MCO 6 nanpasnenuu ee 08UdICeHUs UCTbINDbI-
eaem coxkpaweHue:.

=1 J1-p.
MakcnmanbHa JUIMHA y Tella B CHCTEME OTCYEeTa, I7ie OHO MokouTcs. COKpamaroTcsi TOIBKO
pasMepsl, MapajuleibHble CKOPOCTU JIBUKEHUS.
CpenHee BpeMs KH3HH L-Me30Ha (MIOOHA) B COOCTBEHHOM cucTeme oTcuera To = 2,2-10%c.

MIOOHBI POXKIAIOTCS B BEPXHHUX CJI0sX arMocdepsl Ha BoicoTe h = 20-30 kM, moj AeicTBHEM
KOCMHMYECKHX JIyuel, ABHIKYTCS CO CKOPOCTSIMH, OJIM3KMMU CKOPOCTH CBETA U JIOCTUTAIOT IO
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BEPXHOCTH 3eMi 3a Bpems At ~ h/c ~ 1074 ¢ >> 10. Pasimune oObsAcHAETCS TeM, 4To BpeMs At
U3MepsieTCsl 3eMHBIM HaOJto1aTeNeM, JAJisi KOTOPOTo BpeMsl KU3HHM MIOOHA T = To ' > 1o, UTO U
HaOJro1aeTCs B JeMCTBUTENFHOCTH. B cOOCTBEHHOI cHCTeMe OTCueTa MIOOHA BCE PACCTOSHUS
UCIBITHIBAIOT JIOPEHIIEBO COKpAIllEHUE, U 3a BpeMs To I[OBEPXHOCTh 3eMJIM YCIEBaeT ‘‘mose-
TETh”’ J10 MIOOHA.

IIpeobpazosanue cxopocmeti.

U~ D @z M . u
u,= - 5 T/ly: 1_B2 . oy U, = 1_[-))2 : 2"
1-vu_Ic 1-ovu_lc 1—ovu_lc
Ipu B<<l w' =u, —o w,=u, u,=u,.
IIpu pacnpocrpanenuu cBeta 1o ocu X B K- cucreme U = C; u,=u,= 0, B K’-cucreme

1 C_ Z) . — . —
u,'=————=c; u' =0, u',=0.
1-vclc
Ckopocth cBeta B HOBoii MCO paBHa ¢ mpu mo00M 3HaKE 0.
PeIATUBHCTCKUH MMNYJILC M SHEPrusi YaCTHUILI Maccoud Mo :

N m,ov 2 2
=, E = .
P —1_02/(:2 c,/ p° +(mc)

Ecim macca wactuier mo=0, To E=cp, U= c.
OHeprua mnokoa dactuiel (p=0) Eo = mc2.

Kunetnaeckas oHeprus uvacruusl Wi=E — Eo = ¢,/ p° +(mc)® - Eo.
I[Ipu vic<<1 Wi ~mc2[(1+ (p/mc)?2/2] —Eo = p2/2m.
OCHOBHOE YpaBHeHHe PeJISITHBHCTCKON JHHAMHKH
do =
o _ .
dt

e ﬁ - peJIHTI/IBI/ICTCKI/IP’I HUMITYJIBC YaCTHUIIBI.

Quepruss E. u umnynabsc P. cucmemb penssTUBUCTCKUX YACTHII :
_ 2 2
E.=cy/P?+(MC)2 .

3axoHsbI COXpPaHEHHUuA OJHEepruu i HMIIYJIECa CHCTEMBI
Ec =const, P. = const.

2. DJIeMeHThbI MOJICKYJIAPHOI (PU3NKH U TePMOAUHAMMKHU

Makpockonuueckne CcHCTeMbl cocTosT u3 orpomuoro (INN >> 1) ymcna wactui, aBHKe-
HUE KOTOPBIX METOJaMH JIMHAMUKHU MPaKTU4YeCKHM HEBO3MOXXHO M Oecrone3Ho. Pusnde-
CKHE€ CBOMCTBA MAaKpPOCKOIMYECKUX CHCTEM H3y4YaroT ABYMs B3aMMHO JOINOJHSIOIMMU METO-
JaMH: CTATUCTUYECKUM M TEPMOJUHAMUYECKHUM.

Cmamucmuyeckuti mMemood OCHOBaH Ha TNPUMEHEHUH TEOPUH BEPOATHOCTEH K ompene-
JICHHBIM MOJENSIM M3y4YaeMbIX CHUCTEM. DTOT METOJ JIEKUT B OCHOBE MOJIEKYJISIPHON (U3UKH,
U3y4aromiei CBOMCTBa BEIIECTB, MCXOMAS M3 MPEACTaBICHUN 00 aTOMHOM CTPOEHUH BEIIECTBA.

Tepmoounamuyeckuti mMemoo ONEPUPYET TMOHATUSAMHU, OTHOCSIIMMHUCA K CHUCTEME B Ie-
JIOM, HE paccMmaTpuBas €€ BHYTPEHHEE CTPOCHHE. DTOT METOJ JIEKUT B OCHOBE TEPMOJMHAMMU-
KM, M3y4yarolled B3aMMOCBS3M MEXJIy HaOMI0JaeMbIMU CBOMCTBAMH  MaKpPOCKOIHUYECKUX
CUCTEM DPa3HOU MPHUPOABI.
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2.1.2/1eMeHTBI MOJIEKYJISIPHOH (PU3UKH

Yucao Asoraapo Na = 6,02252.102 Mons ' paBHO OTHOIIGHMIO MONSPHOW Macchl Be-
IIECTBA K MAacce OJHOM MOJIEKYJbl. DTO YHMCIO aToMoB, cojepxamuxcs B 0,012 kr usorona
yrnepona *°C.

Moub — KOTUYECTBO BellecTBa, cojaepxamiee Na yacTui.

TenoBoe nBUKeHHE - OESCIIOPAIOUHOE JBIKEHUE YacTHIl, OOpa3yroIIMX MaKpOCKOMHYe-
CKHE OOBEKTHI.

CocTosiHNEe TeNJI0BOr0 PaBHOBECHSl - CTAllMOHAPHOE COCTOSHHUE HW30JMPOBAHHOW Mak-
pockonuyeckoil cucreMbl. COCTOSHHME TEIUIOBOIO PABHOBECHUS B 3a/IaHHBIX BHEIIHHUX YCJIO-
BUAX €IMHCTBEHHO M YCTOHYMBO. B 3TOM cOCTOSIHMM M30JMpOBaHHas cUCTEMa MOKET Haxo-
JTUTHCS CKOJIb YTrOJHO A0AT0. [IpubirkeHne K TETUIOBOMY pPaBHOBECHIO HA3BIBAIOT pPelIaKCalll-
eil. B mporecce penakcanuu MPOMCXOAMT ‘3a0bIBaHKE’ HAYAJIbHOTO COCTOSHHSI CHCTEMBI.

TepmoanHaMuueckue mnapamMerpbl (MakponapamMeTpbl) — GQU3MYECKHE BEJIMYUHBI, Xa-

paKTepU3yIOIMe PAaBHOBECHOE COCTOSIHME MaKPOCKOIMUYECKOW CHCTEMBI: TeMIepaTypa, 00beMm,
MJIOTHOCTb, JaBJCHUE U Ap.). B COCTOSIHMU TEMIOBOIO0 paBHOBECHS MaKpOIapaMeTphl HE 3aBUCST
OT BpEMEHH U KOOPIUHAT.
Buyrpennue mapamerpsl (JaBiieHHE, TEMIIEpaTypa) OMPENETSIOT YCPEAHCHHYIO KapTHHY
TEIUIOBOTO JABW)KEHUSI M YCIIOBUSI paBHOBecHsl B cucTeMe. BHemrHue mapamerpsl (00beM Co-
Cyla, 3aHUMaeMOro Ta3oM, XapaKTEPUCTHUKU BHEIIHUX CHUJIOBBIX TOJIEH) XapaKTEPHU3YIOT
OKPYKEHHE CHCTEMBI.

I[InoTHOCTHL Macchl - Macca BEIIECTBA B €IMHUYHOM OOBEME Telia:

p =dm/dV.
KoHueHTpanusi - 4ucio YacTHI[ B €JMHUYHOM 0ObeMe Tela:
n = dN/dV.

B cucrteme u3 yactuiy oqHOTO BHIA P = MoN, A€ Mo - Macca OJHON YaCTUIIBI.
JlaBJieHHe - XapaKTepUCTUKA CHJI, JCUCTBYIOIIMX B razax M >KUJIKOCTAX:
p =dFn/dS,
rne dFn - MOmysTs HOpMaNbHO# CHITBI, JNEHCTBYIOMICH CO CTOPOHBI JKHJIKOCTH (Ta3a) Ha Kax-
JIYIO M3 MMOBEPXHOCTEH, MOMEIIEHHOM B HUX TuTOmaaku dS.

TemmnepaTypa - XapakTepUCTHKa WHTEHCUBHOCTU TEIIOBOTO JBIIKEHHUS dYacTuil Tena. B
CHCTEME, ONMCHIBAEMON 3aKOHAMHU KJIACCUYECKOW (M3HKH, TeMreparypa | CBsi3aHa CO Cpej-
HEll KMHETHMYECKOW SHEpPrHeil MOCTYNaTelbHOrO JBUKEHUSI MOJIEKYIIbI:

<Wk > = <mv?/2> =3/, KT,
rme M, v - Macca U CKOPOCTh MoJiekyibl, K =1,38 1072 JIx/ K — mocrossuHas boibiiMaHa.
TemnepatypHast 1mkana, cBsizanHas ¢ < Wk >, Ha3biBaeTcst abcomoTHOW Wi mikamoi Kenb-
BruHa. 3HaueHue 7 =0 Ha3pIBaeTCsl aOCOJIOTHBIM HYJIEM TEMIIEpPaTyphl.

Ha ombiTe ompenensiercs SMIMpHYeckas TeMIleparypa 0ObeKTa — BeTUYMHA, U3MepsiemMas
TEPMOMETPOM, TPUBEICHHBIM B COCTOSIHUE TEIUIOBOTO PABHOBECHUS C MCCIIEAYEMBIM OOBEKTOM.
[Ipn wm3MepeHHH TeMmIepaTypbl HCIOJNb3YETCS 3aBUCMMOCTBH CBOMCTB TEPMOMETpPA OT TeMIle-
patypsbl. O01iee onpeesieHne MOHSATHSI TeMIEpaTyphbl JAeTCsl B CTATUCTUUYECKON (hU3UKE.

YpaBHeHHe COCTOSIHMSI - 3aKOH, BBIPQXKAIOLIMKA B3aMMOCBSA3b MaKpOIapaMEeTpOB CH-
CTEMBL:
F(p,V,T,...) = 0.
VYpaBHeHHsI COCTOSHHS (OPMYIUPYIOTCS HAa OCHOBE aHaJIM3a dKCIEPHUMEHTAIBHBIX JAHHBIX.
[TpubnkeHHbIE BBIPAKEHUS ypaBHEHUN COCTOSHHUS HA OCHOBE MPEJICTaBICHHH 00 aTOMHOM
CTPOCHHMH BEIECTBA IMOIYYEHBI TOJIBKO JUISI HEKOTOPHIX MPOCTEHIITNX CHCTEM.

NneanbHblii Ta3 — cUCTEMa YacTUIl TPEHEOPEKUMO MAIOro oO0bema, HE B3aMMOJCi-

CTBYIOIIIUX MEXJy cO00i Ha paccTosiHUW. BzammojelcTBre 4acTHIl MEXIy co00M H co
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CTEHKAaMHU COCyJa HOCUT XapakTep aOCOJIIOTHO yNpPYrMX CTOJIKHOBEHMH. JlaHHBIE ycloBHA
BBITOJIHSIOTCS. TIPH JIABJICHUSX, OMU3KUX K aTMOC(hEpHOMY, Ul HHEPTHBIX Ta30B, KUCIOPO-
Jla, a30Ta M T.I. U HapyLIalOTCs C POCTOM [aBJICHMS, a TAKXKE - B ra3aXx MHOTOaTOMHBIX
MONIEKY M HpH JaBjieHusX, MeHpumx 1077 atMocdepHOro, KOrja MONEKYJIbl CTAJIKHBAKOTCS
B OCHOBHOM CO CTEHKaMH COCYJa.
OcHOBHOe ypaBHeHHe KHHETHYECKONl TeOpHH HIeaIbHbIX ra3oB
p=%Bn<moi2>
re p, N — JaBlIeHHE U KOHIEHTPALUS MOJEKYI, < M v%/2 > - cpelHsAs KMHETUYECKas SHEPrus
IIOCTYIATEJIbHOIO JBUKEHUS MOJIEKYJIBIL.
YpaBHeHHe COCTOSIHUSI H/A€AJIbHOIO ra3a:
p=nkT wmwm pV=NKT,
rne N -4gucio yvactun B 00neme V.
Ypasuenue KiiameiipoHa - ypaBHEHHE COCTOSIHUS JJII OJHOIO MOJIS
UJCAIBHOTO ra3a:

p VM = RT ’
rae R = Nak = 8,31 JIx/Monb - yHHBepcaibHas ra3oBasi MOCTOstHHAS, V,, - 00beM OJHOTO MOJISL.
YpaBuenne Kuaneiipona — MeHaesieeBa - ypaBHEHUE COCTOSIHUS 11  TTPOU3BOJIBHOU

Macchl MJIEalTbHOIO rasa:

pV=(m/ pRT,

rIe M, | - Macca U MOJISIpHAasl Macca rasa.

3akoH ABOraJpo: B paBHbIX 00bEMax pa3HBIX ra30B MpPH OIMHAKOBOM TeMmIeparype H
JIABJICHUU COJICPKUTCS OIMHAKOBOE unciio Mosiekyn N = pV [KT.

3akoH /laabTOHA : B COCTOSHHMU TEIUIOBOTO PABHOBECHS JABJICHUE B CMECH Ia30B PaBHO
CyMME JaBJICHHI KaXXIOW KOMITOHCHTBITa3a p =) pj.

Pacnpenenenne MakcBesuta. B cOCTOSHHMM TEIJIOBOrO pPaBHOBECHSl B ra3e yCTaHABIIHMBa-
eTCs CTAllMOHAPHOE CTATUCTUYECKOE pAacIpeeiiCHHE MOJCKYN MO0 CKOPOCTSM, XapaKTepH-
3yeMoe (yHKLIUeW pachpeneneHus Moiekyln 1o ckopoctssm f (0U), koropoe ompexenser
OTHOCHUTEJIPHOE YUCIIO MOJICKYJI CO CKOPOCTSMH B 3aJIAHHOM HHTEpBalie CKOPOCTeil OT U 110
v +dou:

dN /N =f(U)dZJ f(U)
JUnst npeanpHOTO Tra3a 3aKOH — pacIpejere- 1
HHUS MOJICKYNl 10 aOCOJIFOTHBIM 3HAUCHUSIM
ckopocrer ycraHosieH [[x.K.Makcsemiom:

3/2
f(v) = 4l —— | exp( -mo?/2KT)
2nkT
OTHOCHTENBPHOE YHCIIO MOJIEKYII
dN /N co ckopocTsiMH B MHTEpBaje OT U

ot

10 U + d 0 paBHO IUIOIIAAM 3AIITPUXOBAHHON 5 \U s
nonocku Ha puc.2.1. do ¢ <U>_7,, U
—_— VS,
Puc.2.1

HauGosiee BeposiTHasi CKOPOCTH

2kT 2RT

Ug —] —]
M H

- CKOpOCTh, Tipu  KoTOpoit pynkuus f (V) makcumanbHa.
Cpennsisi apudMeTHyecKasi CKOpOCTh MOJIEKYJT
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8kT [8RT
<D>= = .
T, Y
CpenHsis KBaJgpaTHYHAsi CKOPOCTH MOJIEKYJI
3KT 3RT
<v,>= = )
M u
bapomerpuyeckas ¢gopmysia:
ngz
p(z) =P, exp(-).
RT

rae p,- nasnenue Ha Beicote Z = 0, T = const — remneparypa, W - MoJApHas macca rasa, R -

YHUBCPCaJIbHAA rasoBas IIOCTOSAHHAasid.
PacnpedeﬂeHue KOHYyenmpayuu no evlcome.

z
n(z) =n, exp (—% :

Pacnpenesnenue boabumana - ¢dopmyna, Belpaxaromias MNpPOCTPAHCTBEHHOE pacmpese-
JICHWE YaCTUI[ ra3a B TOJIE MOTEHIMAIBHBIX CHJI B COCTOSIHUM TEIUIOBOT'O PaBHOBECHS:

kT 7

rae W, (F) - notenumansnast sxeprusi, N, - xoHuentpanus vactuy B touke, rae W, () =0.

n(r)=n, exp(-

BHyTpeHHsIss 3Heprusi — SHEprus JBWXKEHHUS M B3aUMOJCHCTBUS BXOJSIIUX B CUCTEMY
yactull. [Ipu 3TOM He yduThIBaeTCSl JIBUKEHUE CUCTEMBI KaKk 1es0ro. BHyTpeHHss sHeprus —
(YHKLUS COCTOSHUS CUCTEMBI.

3aKOoH paBHOMEPHOIro pacmnpelejieHUsl IHEPTHH MO CTeNeHsAM CBOOOAbI: 8 COCMOSHUU
Menno06020 PABHOBECUS HA KAJNHCOVIO KIACCUYECKYIO CMeneHb c80000bl 4acmuybl 6 cpeoHem
npuxooumcsi suepeus, paenas KT/ 2.

Cpennsisi JHeprusi TENJIOBOI'0 IBUKEHHSI MOJIEKYJbI, UMEIOIICH | cTerneHel cBOOOIbI:

<Wk>=1kT/2.

Yuco creneHeil cBodoabl MoJieKyJd. Mouekyna OJHOATOMHOro rasza (aTtoMm) umeer 3
CTETeHU CBOOO/IbI MOCTYNATeNbHOrO JBIKeHUs (I = 3), nByX-
i=3 i=5 i=6 aTOMHOIO rasza - 3 MOCTYHaTeJIbHOro W 2 BpalllaTesIbHO-

0) ro gaswkenns (i = 5). Y Monekyn u3 Tpex u Gosee
aTOMOB - 3 TOCTYNAaTEeNbHBIX U 3 BpallaTelbHbIX CTe-
neneil  cBobonsl (I = 6). [lpu  yueTe OTHOCHUTEIHHOTO
JIBIDKEHUSI aTOMOB B MOJIEKYJIe KojieOaTeabHbIe CTere-
Puc.2.2 HHM CBOOOJBI YYUTBIBAIOTCS JBAXKIBL.

BHyTpeHHsI1 JHeprusi MIeaJIbHOI0 ra3a - CpeIHSs KUHETHYeCKas HHEepPrus TEeIUIOBOTO

JBUKEHHUSI MOJIEKYI :

U=N<Wk>=NikT/2 =viRT/2
Cpennsist AiMHA CBOOOIHOT0 Npodera MoJIeKyJ1 — CpEHEE PACCTOSHUE, IPOHIEHHOE MOJIe-
KYJIOH MEXIy ABYMsI IMOCIIE€OBATEIbHBIMUA CTOJIKHOBEHHUSIMU:

<> = 12 zd?n,
d - aumamerp MOJEKYJBI, N - KOHIIEHTPAIIUS MOJIEKYIL.
;[B.]'leHI/Iﬂ nepeﬂoca - nepe;[aqa Yqucijia 9yaCcTul, I/IMHYJ'IBCB., 3HCpFI/II/I oT 0I[HOI>1 qacTHu HepaBHO-
BECHOM CHCTEMBI K JPYrod B TIpolieccax, HalpaBJICHHBIX Ha YCTaHOBIICHHE TEIJIOBOTO PaB-
HOBCCHUI. KHBJ’ICHI/ISIM Hepeﬂoca OTHOCATCA I[I/I(I)(l)ySI/IH, TeHHOHpOBOI{HOCTB, BA3KOCTDb.
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Jduddy3us - nepeHoc BeliecTBa, 00YCIOBICHHbBIM TEIIOBBIM JBH)KEHUEM MOJIEKYN IpU
HEOJHOPOJHOM pacIpee]ICHNH BEIIECTBA B MAaKpOCKOMMYECKOH cucreme. [lomox oughgy-
3uy - BEIWYMHA, paBHAs  Macce, NPOXOIALICH B €IMHULY BPEMEHH 4Yepe3 €IUHUYHYIO
IUIOLIAJKY.

y(m

3akon ®Puka omnpenenseT NOTok JUPpPy3un j( ) IIPY MAJIBIX OTKJIOHEHMSIX OT PaBHOBECHSL.

B omgnomepHOM ciiyuae

c(m) _ op
jm=-p ",
ox
riae P - MaccoBas INIOTHOCTh AuddyHaupyromero BemectBa, D — koaddunment auddysun,
XapaKTepU3YIOMIM  CKOPOCTh IMEpeHoca. 3HAK MHHYC YKa3bIBaeT, 4TO MOTOK nuddy3uun
HAIpaBJICH B CTOPOHY YObIBaHMs TUIOTHOCTH. COrIacHO KHHETHYECKOW Teopuu razop D =
h<v> <|>,

TenIonpoBOAHOCTH — IEPEHOC BHYTPEHHEH 3HEPruu, OOYCIOBJICHHBIH TEIUIOBBIM JIBU-
JKEHUEM MOJICKYJI TMPU HEOJHOPOJIHOM PACIPEICICHHH TEMIIEPATyPhl B MaKPOCKOITHMYECKON
cucreme. [lomok mennia paBeH MO BEIMYUHE SHEPTHH, NEPEHOCUMOW B EIUHUILy BPEMEHU
Yyepe3 eNMHUYHYIO TUIOIIAAKY.

T (E

3akon @ypbe ompenenseT MOTOK Teria j( ) MPH MaJIbIX OTKJIOHCHHSIX OT paBHOBecHs. B

OJTHOMEPHOM cJTyJae

T
- (E) oT I\ -
jP= - —, J
0x
s

rne 7 — temmeparypa HEpaBHOMEPHO Harperoro Teia, K - KO-
3 GUIMEHT TEIUIONPOBOAHOCTH, XapPAKTEPU3YIOUIN CKOPOCTh
HepeHoca SHEpruu. 3HaK MHHYC YKa3blBaeT, 4TO IEPEHOC _
BHYTPEHHEI SHEPruy NMPOMCXOJUT B HANPABIECHUH YObIBaHUS x
temneparypbl. COrjiacHO KHMHETHYECKOW TEOpUU razoB K = % Puc.2.3

cv<v><I1>, toe cv - yaelbHas TEIIIOEMKOCTE ra3a IIpU I10-
CTOSIHHOM O0BEME.

BsiskocTh (BHyTpeHHee TpeHHMe) - SIBICHHE, OOYCIOBICHHOE IEPEHOCOM UMNYIbCA 6CE0-
cmeue paslinyusl CKOPOCTEH NBMKEHUS MaKpPOCKOIMMYECKHX 4acTEW CPEIlbl.

[Torok umIynbca CBSI3aH KaK C HanpaeieHuem UmMnyaibed, TaK U HAnpaeieHuem e20 nepeHo-
ca W PaBEH UMIIYJIbCY, NEPEHOCMMOMY B €IUHMI]y BPEMEHH YEpe3 EIMHUYHYIO IUIOIIAJKY,
NEPIEeHIUKYIIIPHYIO HallPaBJICHUIO IEpeHoca.

7 3
Ecniu wu3MeHeHHe CKOpOCTH TEUeHHUS MPOUCXOAHWT B Y40
A HarpaBJIeHUE
HaIIpaBJICHUX OCH X IMEPHEHIMKYIIPHO HaIlpasiie- '
nepeHoca
HUIO ckopoctd  (puc.2.4), TO MOTOK HMITYJIbca B : A p
[ HAMITYJIbCA
HAIPaBIICHUU OCU X paBeH !
0v ! >
j(p) — L >
! 1
ox ! S X
Puc.2.4

N - JIUHAMHUYECKas BSI3KOCTh (KOA(P(PHUIMEHT BHYTPEHHETO TPEHHS), BEIMYMHA, XapaKTepPH3y-
I0II[asi CKOPOCTh TIEPEHOCA MMITYJIbCa B PE3YJIbTaTe TEIUIOBOTO IBMYKEHHsI. 3HAK MUHYC B IIPABO
YaCTH YKa3bIBaeT, YTO HMIIYJILC MEPEHOCHTCS B HAIPABICHHHM YMEHBIIECHHS CKOPOCTH Teue-
Hust. COrNIacCHO KMHETUYECKOW TeopuumrazoB 1 = % p<ov><[|> n=pD= <>/ ¢y.
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Cujia BHYTpPEHHEro TpeHHMsA: sawobou ciou 2aza (dcuokocmu), OBUNCYUUTICA OMHOCU-
MeNbHO COCeOHe20, UCHbIMblEaem Oelticmaue CUulbl

F=n—=-S
ox

2.2. DjieMeHTbl TePpMOAMHAMHUKH

TenJioBoii mpouecc - H3MEHEHHE MAaKpPOCKONMYECKUX IapaMeTpPOB CHUCTEMBI. 3aKOHBI
TEIUIOBBIX MTPOLIECCOB PACCMATPUBAIOTCA TEPMOJMHAMUKOM.

PaBHOBecHBIH Tem10BOii mpolecc - mocieaoBaTeNbHasi CMEHa PaBHOBECHBIX COCTOSHHIA.
Takoil mpouecc AOKEH NPOUCXOAUTH JOCTATOYHO MEIJIEHHO, YTOOBI B CHCTEME YCIIEBAJO
YCTAaHOBUTBCS OUEPETHOE COCTOSIHUE PABHOBECHS.

PaBHOBecHBIN Tporiecc 0OpaTuM, T.e. MOXKET ObITh IPOBEJICH B IPSIMOM
p? ¥ 00paTHOM HAIpPaBICHUM Yepe3 OJHU U T€ K€ MPOMEXKYTOU-
P1 HBIE COCTOSIHMS. B cucteme KOOpAMHAT, IO OCSAM KOTOpPOil OT-
KJIQ/IBIBAIOTCS 3HAYCHHS ONPEACICHHBIX IMapaMeTpoB, PpPaBHO-
P2 BECHBI MpOIecC H300paxkaeTcss KPUBOM, TOUKH KOTOPOH mpea-
CTaBISIIOT ~ COOTBETCTBYIOIIME  MPOMEXKYTOUYHBIE  COCTOSHUS
(puc.2.5). HepaBHOBecHbIN mpoliecc HEOOpPATUM: MPU U3MEHEHHUH
YCJIIOBHI B OOpaTHOM MOPSAKE MPOMEXKYTOYHBIE COCTOSIHUSI HE
OyAyT COBHAAaTh C COCTOSHUSAMHM, KOTOPBIE MPOXOAUIA CHUCTEMA
B TIPSIMOM TIpoIiecce.

Puc.2.5

Paboma 2aza npu u3MeHeHuu eco obvema:

Pa

[Tpu manom u3meHennu odvema 04 = p dV,

N 5A [Ipn u3menenun obwvema ot Vi 1o V2 (puc.2.6)
Vv,

A, =[pdv.
Vl
~ Pabora 3aBucuT oT cnocoba mposeneHust mponecca. Ha PV —
V dV Vv \/ Auarpamme pa0oTa paBHA IUIOMAXH (UIYPHI, OTrPAHHYCHHOM
! 2 oceio abcruce, kpuBoit p =f (V) u mpsmeiMu Vi1 u Va2
Puc.2.6

Tenuiora - sHeprus, nepenaBaemMas cucreMe mpu TermaooOMeHe. [Ipu
TEIUIONEpeIaye IPOUCXOAUT HU3MEHEHHUE PACIPEICIICHUS BEPOSTHOCTEN
pPa3iIMYHBIX 3HAYCHUN DHEPIUU YaCTULl CUCTEMBI.

IIpn u3MeHeHMM TemrepaTypbl cUCTeMBbl OT 11 10 12

TZ
Q, =[c*dT,
Tl

rac c* - TENIO0EMKOCTh CHCTEMBI B JaHHOM mponecce. KomandgecTtBo Temia Q12 3aBHUCHUT OT
criocoba MMPOBEACHUA IIpoLecca.

TennoeMkocTh - KOJWYECTBO TeIJia, HEOOXOAMMOE JUIsl M3MEHEHHUS TeMIlepaTypbl CHCTe-
MBIl Ha €IUHULLY:
c*= °Q

- 1
dT
YI[eJ'[I)Haﬂ TEeNJI0EMKOCTDb BeleCTBa ¢ - TCINIOEMKOCTh C€IUHHIBI MAcCCHI,
MO.]IﬂpHaﬂ Tenja0eMKocTh C - TEIMI0EMKOCTD OHOI'O MOJIA:

_e*_3Q . _c*_3Q

m mdT' v vdT

= cp.
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IlepBoe HA4Ya/I0 TEPMOAUHAMUKHM - MeNi10ma, NOJNYYEHHAs CUCEeMOU, uoem Ha npupa-
WieHue ee 8HYMpeHHel SHepeUul U Ha cogepuienue e pabomvl NPOMuE GHeUHUX CUlL :
dQ = dU + JA, “p 4
Q= Ux-U1 + Ap. 1
Ecimu Temmora coobmiaercs cucreme, To 0 Q > 0, ecnum P1|--
otbupaercs y Hee, To 0 Q < 0. B 3amkHyTOM mporiecce
(mukae) (puc. 2.7) AU = 0, Q = A
[lepuoauuecku AEHCTBYIOIIMIA JBUIATENlb, COBEPIUAIOIINI
paboty 0e3 moTpeOsieHUus SHEPTUH, HEBO3MOIKEH. >

V1 V, V
Puc.2.7
TenaoemMkocTh rasa:
__du _dv
= ——+pP—.
dT dT
YpaBuenue Maiiepa: C, — Cy = R, rae C,, Cy - MonsipHbIE TEIUIOEMKOCTH UJCalb-

HOT'O raza TpU TIOCTOSIHHOM JABJICHUU U TIOCTOSTHHOM O0BEMeE.

H3onpomecchbl — mporecchl, MpH KOTOPHIX OJMH M3 MapaMeTPOB COCTOSHHSI MOCTOSHEH -
uzoxopnuii iporiecc (V = const, puc.2.8), uzobapuwiti nponecc ( p = const, puc.2.9), wuszo-
mepmuueckui porece (T =const, puc.2.10):

p 3 p A p A
per 2 1 2 1
.~ !
: | | 2
Pt - I
Y Vi v Vi Vv
Puc.2.8 Puc.2.9 Puc.2.10
IIpoLece Hzoxopnuiii H306apnwiii H3omepmuueckuii
Uz -U; AU =v Cy (T2 -T1) == | AU = vC«(T2 -T1) = = AU = 0
(i /2)V(p2—p1) (i12) p (V2— V1)
A1z A4=0 A =p (Vo—Vy) = A= VRT In(V2/V1) = =
= vR(T2-Ty) v RT In(p1/p2)
Q12 Qu= vC (T2-T1) ==| Qu=vCy(T2-T1) ==
AU ((i+2)/2) V( p2—p1) Q12 =A1
C Cv = (/2R Co = (1 +2)[2) R Cr= o

AMadaTHYeCKUH MPOLECC — npoyecc, NPouUcXoosiuyull npu OmMCymcmeuu menioooMeHd
(0Q = 0) menxncoy cucmemoti u oxpyscaioujell cpedoui. VI3MeHEHUE TapaMEeTPOB COCTOSHUS
B a7MabaTHYECKOM MpOIIECCe OMHMChIBACTCS ypasHeHusmu Ilyaccoua:

pVY=const, TV'! = const, p'-*T7 = const,
rae mokasatenb amuabatel Y= (1+2)/1 = Gp/Cu.
ArabaTHYECKUMH MOYKHO CYHTATh MPOIECCHI B CUCTEMaX, 3aKJIIOYCHHBIX B TEIJIOU30JIUPY-
IOIIYI0 000JI0YKY, @ TaKXe OBICTPOIPOTEKAIOIINE MPOIIECCHI.
B aouabamuueckom npoyecce AU =v Cy (T2 —Ti) = (i/2) ( p2 V2—p1Vy);
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A= -AU; Q12=0; Ca= 0.

IMomMTpONHBIM NPOLECC - MPOLECC, MPOUCXOMAIINNA MPHU MOCTOSIHHOM TEIUIOEMKOCTH CHU-

CTEeMbl. YpaBHEHHE IOJIUTPOIIHOIO IIpoLecca:
pV" = const,

rne N=(C —-Cp)/(C —-Cv) - mokasareiib MOJUTPOIIBI.

TennoeMKoCTh UI€aIbHOIO ra3a B MOJIUTPOIIHOM MPOLECcCe:

C=(nCy-Cp)/(n -1).
JHTpONMA - QYHKIUS COCTOSIHHSI CHUCTEMBI:
S =kInQ,
rne K — mocrosinHas bonbimana, € - TepMOAMHAMHYECKAsh BEPOSTHOCTb, -YMCIO MHKPOCKO-
MUYECKUX CIIOCOOOB pealu3aldyd JaHHOTO MaKPOCKOMUYECKOTO COCTOSHUS. DHTPOIUS - Me-
pa HEYNOPSJIOYEHHOCTH CHCTEMBI.
[Ipu paBHOBECHBIX Mpoleccax M HEOOJBIIMX OTKIOHEHHSIX OT paBHOBECHUS
dS =0Q/T =dU/T +pdV/T.

Pa3HocTh 3HTpONUIA CUCTEMBI B IBYX COCTOSIHMSX | 1 2 paBHa

28Q
S, =S, +[2=,
2 1 .!T

I7Ie UHTETPUPOBAHUE BEIETCS BAOJb JIFOOOTO PABHOBECHOTO MPOIECCa, CBS3BIBAIOIIETO COCTO-
saaus 1 u 2.

BTopoe Haya10 TEPMOAMHAMUKHN
- HEBO3MOXCEH CAMONPOU3BOILHBLL NPOYECC nepexoda menia om meil MeHee Hacpemulx K Ooee
Hacpemoim (Knaysuyc);

- HeBO3MOJICEH KpPY2080ll NPOYecc, eOUHCMEEHHbIM Pe3yibmamom KOmMopo2o
A6N5lemMcsi npespaujeHue meniomol NOJIYYeHHOU Om Hazpesameis 8 IKGUBAIEHMHYIO ell pabomy
(Tomcon). [annble HOpMYyTHUPOBKH SKBUBAJICHTHBI.

3aKoH BO3pacTaHusi SJHTPONUHU - Haubosiee oOmas (GopMyJIMpOBKAa BTOPOro Hayaua Tep-
MOJINHAMUKHU: 8 1000U U30IUPOBAHHOU MAKPOCKONUYECKU cucmeme Npu 6cex npoyeccax
osnmponus He yovieaem (Knaysnyc)

AS >0.

B oOparumeix (paBHOBecHBIX) mporieccax A S =0, B HeoOparumbeix AS > 0.

CocrosiHME paBHOBECHS] peaM3yeTcsi HauOOJBIIMM YHUCIOM CIIOCOOOB M Hanbosee BeposT-
HO. YCTaHOBJICHHE TEIUIOBOTO PAaBHOBECHS B HW30JIMPOBAHHOW CHCTEME O3HAYaeT Iepexo]]
Oosiee BEpOATHOE COCTOSHUE U XapaKTepU3yeTCs YBEIMUEHHEM SHTPOIHH.

Tperbe Hauana TepMOAMHAMMKM: [Ipu memnepamype abCcoNOMHO20 HYA IHMPONUS IO~
oot pasnosecnou cucmemul oopawjaemcs 6 Hyaw (I — 0, S — 0).
Cocrosaue mpu 7T = 0 peanusyercs €IUHCTBEHHBIM crocodom, T.e. Q — 1 D10 cocTosHue
COOTBETCTBYET MAaKCHMAaJIbHON YIOPSI0YEHHOCTH B CHCTEME.

TennoBoii aBUraTeNb — MEPHUOJUUESCKH JICHCTBYIOIIEE YCTPOICTBO, CoBepIaiomiee pado-
Ty 3a CUET MOJIYYeHHOW H3BHE TEIUIOoThl. B TermoBom asurarene (puc.2.11) 3a mukn pabouee
TEJIO MOJy4yaeT OT HarpeBaTens TermioTy Qi, mpousBoaut paboty A = Qi+ Qu u omoaem
xonoounvHuxy meniomy Qi
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»

T1 Tl
pA

o re :

, |:j>A A Q
TCITIJIOBOU XOJIOAUJIbHAas <1,:| |

ABUT'aTCJIb MalInnHa 1 2
Qu Qu
1l 1 )
> 1> Qull 77 3
>V
Puc.2.11 Puc.2.12 Puc.2.13

Tepmuueckuii KIIJ aBurarens
i _ QI + Qu
Q Q

B XonoauiisHOM MalmHe peaausyeTcs npouecc, 00paTHBIM MPOUCXOISIIEMY B TEINIOBOM JIBUTra-
tene (puc.2.12). 3a UK OT TepMocTaTa ¢ Temreparypoi 72 orHumaercs termiora Qu u otna-
eTcs TepMocTary ¢ remneparypoi 71> 1>

teriota Qi = Qun + A4, npepblmaromas Q) Ha BenMUuUHY PabOTHI, MPOU3BEICHHONW HAJ CUCTE-
MOH.

Xo010AuAbHbIH K0 PHUUHEHT — OTHOIIEHHE OTHATOW Yy Tena ¢ Ooiee
HU3KON TeMIiepaTrypoi K 3arpaurBaeMoii pabore: 1’ = |Qul|/ 4.

Huxn KapHo — 3aMKHYTBIA MPOLECC, COCTOSIIIMM M3 MOCIEA0BATEIBHO YepeIyIOIINXCs

IBYX paBHOBECHBIX mu3oTepmuueckux (1-2, 3-4) m naByx aamabatHbix(2-3,4-1) mpoueccos
(puc.2.13), coBepiiaeMbIX UJI€aTbHBIM Ta30M.

Tepmuueckuit KI1J] nukina KapHo He 3aBUCHT OT CBOICTB pabodero Tei:
_ LT,
T

1

n

2.3.PeaabHble ra3nl

B3aumopneiicrBue MoJiekyJs. Cuilbl MEXMOJEKYJISIPHOIO B3aUMOJEHUCTBUA

= NpOSIBIISIIOTCA  HA PacCTOSHUSAX
Fo W, ~10°v. Ha G6OmpmuX paccTOSHHUAX
npeodnagaroT CHIIBI MPUTSDKEeHUs Fy,
\ ro Ha MEHBIIMX - CHJIBI OTTAJIKHBAHHSI
N > ' » Fo (puc.2.14), Ha paccrosHUu Io
> /— » ko B
\r-/r \v r /' r Fl‘[ = Fl‘l ,

- r W W = Wp, . TIpu Wm >> KT BermiectBo

N / F m HaXOJHUTCS B TBEPJIOM COCTOSIHHIH,

" Puc.2.14

npu Wm ~ KT - B xunkom, npu Wm << KT B razoobpasHom coctosiHuu. Craboe B3auMo-

JIEeHCTBUE MEXKAY MOJEKylaMu OOYCIOBIMBAET CIIOCOOHOCTH Ta30B 3alOJHATh IMPEAOCTABIICH-
HBIA 00BEM.

YpaBuenne Ban-nep-Baanbca - ypaBHEHHE COCTOSIHHS PEalbHOTO Ia3a:
(p+v?aV)(V-vb)= vRT,
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rae a u b — nocrosinubie Ban-nep-Baanbca, yauThIBarOIIHE COOTBETCTBEHHO ACHCTBHE MEXMO-
JCKYISPHBIX CWJI TPUTSDKCHUS U OTTAIKUBAHUS M ONPEACISIEMBbIC ONBITHBIM ITyTeM. Y paBHE-
Hue Ban-gep-Baanbca mo3BossieT OOBSCHUTH Ha KAUECTBEHHOM YpPOBHE XapaKTepHbIE CBOM-
CTBA peajbHBIX Ta30B.

H3oTepMmbl pes ~~ HOro raza. M3orepmbl ypaBHeHUs: Ban-nep-Baanbca — (puc.2.15 a) npu
BbICOKMX Temneparypax (77 > Tk ) Majo OmIMYaroTCs OT M30T€pM ujaeanbHoro rasa. [lpu
KpUTHYECKON Temmeparype [Tk Ha wu3oTepMme, MosBiseTcss Touka mnepernba K — kputuue-
ckas Touka. Habnwooaemvie u30TEpMBbl peanbHOro raza mpu 71 < Tk wumerot Bun DLGE
(puc.2.16 0) 1 oTOOpakarOT HENPEPBIBHBIA IEPEX0J BEIIECTBA U3 Ta3000pa3HOTO COCTOSHHS
(yaactok EG) B xuakoe ( LD). Yuactrok GL cOOTBETCTBYeT pPaBHOBECHOMY COCYIIECTBOBA-
HUIO kuAKocTH M mapa. Kpurtuyeckas touka K otoOpaxaer cocTosiHue, B KOTOPOM HCYE3aeT
pa3HUIa MEeXKIY KHIKOCTBIO U razoM. [Ipu crienualbHBIX YCIOBHSIX MOTYT OBITh peaTrn30BaHbI
HeycTonuuBble coctosiHus LB (meperperas skunkocth ) 1 AG (mepecwinieHHbli map). [Toa ko-
JIOKOJI000pa3Hoi KpuBo# (puc.2.16 ¢) HaxomuTcss 007acTh ABYX(a3HBIX COCTOSHUW KUJ-
KOCTh-TIap, CIieBa OT Hee - 00JIaCTh KUAKOTO COCTOSHHUS, CIIpaBa - 0bnacTh napa. [lap mpu uzo-
TEPMHUYECKOM CXKATHH IPEBpaIIacTcs B )KUAKOCTh. ['a3

o

pi a 22

Py

Puc.2.15

npu temneparypax 1 > Tk He MOXET ObITh IPEBPALEH B XKHUAKOCTb.
BuyTpeHHsA JHeprus peajbHOI0 ra3a CKJIaAbIBACTCS U3 KHHETUYECKOU DHEPIUH TEIUIOBO-
ro JIBU’KEHHS MOJIEKYJ M IOTEHIMAJIbHOM SHEPIUU UX B3aUMOJECHCTBHUS:
U=v(GQT-aN).
3aBUCUMOCTh BHYTPEHHEH SHEpPIUU peabHOro raza OT TeMIepaTypbl M 00beMa HCIOJNb3Y-
eTCs JJIA IOJIYYEHUS HU3KUX TEMIIepaTyp U CHKM)KEHHs Ta30B.

3. DJIeKTpOMAarHeTu3smM

DJeKTPOMArHUTHOE B3aMMOJECTBHE — OJHO M3 4eThIpeX (yHIAMEHTATbHBIX B3aHMO-
neiicTBuii. OHO OMpeeNseT CTPYKTYpy MaTepHaNbHBIX OOBEKTOB M IIMPOKHIl KPYr SBICHHIl
B oGmacti macmrados ot 107 no 10°wm.

DaeKTPHYeCKHii 3apsi - (pyHIaMEHTaTbHAs XapaKTePHCTHKA MaTepHH, BHYTPEHHEE CBOIi-
CTBO YACTHII, ONPEENIAIONIee CIIOCOOHOCTh K 3IEKTPOMArHUTHOMY B3aMMOJICHCTBHIO.

CBOIiCTBA YMEKTPHUECKOTO 3aps/a :

1) Oyanusm - CYIECTBYIOT HONONCUMENbHble W OMpuyamenshble 3apsbl, 4TO OTPaKaeT
06a BUIA ANEKTPOMATHUTHBIX CHII: NPUMAIICEHUE DASHOUMEHHbIX 3apSAIOB M OMMAIKUBAHUE
0OHOUMEHHBIX 3APSIIOB;

2) uneapuanmnocms - 3apsa He U3MEHAETCS TIPU €T JBIKECHHN;
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3) duckpemnocms - Bce 3apAAbl KPATHBI 3JIEMEHTAPHOMY
qg=+Ne, N=0,1,2...; e=1,6021892(46)-10 *° K.

HauMensbieid mo mMacce yacTHICH, WMEIOIIMNA 3apsn — |e|, sBisercs 3JeKkTpoH. Hocutensb
MOJIO’KUTEIBHOIO AJIEMEHTAPHOTO 3apsiia - MPOTOH;

4) adoumusnocms - 3apsii 000 CHUCTEMBI paBEH CyMME 3apsOB YacTHIl, COCTaBIISIO-
X CHCTEMY;

5) 3akom coxpanenus 3apsda. SNEKTPUYCCKUI 3apsil 3aMKHYTOH CHCTEMBI COXPaHSETCS BO
BCEX IpoIIeccax, CBSI3aHHBIX C HOCUTEISIMU 3apsi/I0B.

IInoTHOCTH 3apsiia — XapaKTePUCTHKA PACIIPENICICHUS 3apsi/ia B MAKPOCKONUYeCKOM OOBEK-
Te: 110 00BbeMy ¢ obvemHoti 1iotHocThIo p (7,t) = dg/ dV, mo moBepXHOCTH ¢ nO6EPXHOCMHO

mwiotHocTeio o (7,t) = dq/dS, no anuue ¢ nuneiinoi minotHocThIO 3apama T (7,t) =dq/d
I, rne dq - 3apsin snementa oobema dV, moBepxHoctu dS, ywactka nmuum dl.
[TosHBIA 3apsii COOTBETCTBYIOMIETO OOBEKTa pPaBCH

) = [p(F.)dV, a) = [o(F,t)dS, q() = [<(F,t)dl,
\Y S L

I7Ie MHTETPUPOBAHHME BEAETCS IO JUIMHE, IOBEPXHOCTH U 00beMy oOwbekTa. [Ipum omHOpOIHOM
pacnpenenenun 3apsaaoB 4 = pV, q=c S, q=zl.

DJIEKTPOMArHUTHOE MOoJe - TIEPEHOCUUK SJIEKTPOMArHUTHOTO B3aUMOJIEHCTBUS, O0COOBII
BUJ MaTepuu (COTJIACHO MPEACTABICHUSAM KJIACCUUYECKON (PU3UKM). DIEKTPOMArHUTHbBIE MOJIS:
@) BO3HUKAIOT BOKPYT 3aps0B, PACIPOCTPAHSSICh B OKpY)KaroIlee MPOCTPAHCTBO, 0) ICHCTBY-
I0T Ha 3apsiibl.

[IpyuHIMIHUATBEHOW OCHOBOM HCCIEIOBAaHUS AIIEKTPOMATHUTHOTO IOJIS SBISETCS CHIIOBOE
JICUCTBHE IIOJII Ha IIOMEIICHHBIM B HETO 3apsi.

3.1. DaekTpocTaTHKa

DJIEKTPOCTATHKA — pa3/iell dJIEKTPOAUHAMUKY, B KOTOPOM H3Yy4aeTcsl B3aUMOJIEUCTBUE He-
HNOJBM)KHBIX 3apsSKEHHBIX TElI U O0OYCIIOBJIEHHBIE UM SIBJICHHUS.
Cmamuueckue pacupeleneHus 3apsaI0B XapaKTepU3YIOTCS Omcymcmeuem
nepemeujenus 3apsi008 U HOCMOSAHCMEOM T, G U P.

ToueuHblil 3apsia - 3apsHKEHHOE TEJO, pa3Mepbl U (opMa KOTOPOTO HECYIECTBEHHBI B
paccMaTpuBaeMou 3a1ade.

3akon Kysona: cuna e3aumooeticmsus 08yx HeNOOBUINCHBIX MOYEUHBIX IJIEKMPUUECKUX 3a-
pA008, 8 8aKyyme, Npimo NPONOPYUOHANILHA NPOU3BEOeHUI0 3apsA008 U 0OpamHO NPonopyuo-
HANbHA KEAOpamy PAcCMOAHUSL MeHCOy HUMU:

d.9
-l
r

rae K - ko3 QHUIMERT MPONOPIUOHAIBHOCTH, 3aBUCAIIMI OT BeIOOpa cucTeMbl equnul. B CU
k= 1/ (4neg) = 9-10° m/d, rue - o= 8,85418782-101% ® /M - smekTpuyeckas TOCTOSHHASL.

Ha 3apsin Q1 co cTOpoHBI 3apsiia Oz aeiictyer cuna F,, Ha 3apsja g2 co cTopoHsl 3apsna g1 —

£
r

psin Q2 c3apsiaoM i, [, - paamyc - BEKTOp, COSAMHSIOMIL 01 ¢ 02, I =|T,|=|T,,|. CormacHo

— —

cuna F,, (puc.3.1): F

) ,rie - I,- paanyc-BeKTOp, COSAMHSIOIHMIT 3a-

P
,=F2,F,=F
r

ombITy 3aK0oH Kynona BeimomHsercs Ha paccrosuusax 1077 -107 .

Fo g e g P O A F
< Ce=———= !OF—V q r A
0:192>0 A E
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HanpsizkeHHOCTh 3JIeKTPHYECKOro MOJs — CHIIOBAash XapaKTePUCTUKA, ONpEACISIIoNIas co-
CTOSIHUE 3JIEKTPOCTATUYECKOTO MOJIs. HanpsaxiceHHocmy 31eKmpuyecko20 noas paeHa  cuie,
Oelicmeyowell Ha eOUHUYHDBIL NOJIONCUMETbHBLLL 3apsi0, NOMEWEeHHbLI 8 OAHHYI0 MOYKY NOJS.

—

E= ﬁ/qo

Hal’[pﬂ)l(eHHOCTb 3JIEKTPOCTATHYECKOI'O MOJIA TOYEYHOro 3apsiia ( B BaKyyMe:

N
=,
Are r°r
rae I - paguyc-BeKTOp, IIPOBEICHHBIA B 3aJaHHYIO TOUKY IO M3 TOYKH, 1€ HAXOMUTCS 3a-
psan (puc.3.2).
IpuHIMN Cynepno3uIMU: HAPSOKEHHOCTD TOJISl HECKOJIBKUX UCTOYHHUKOB 8 8aK)yyMe,
paBHAa CyMME HAINpSKCHHOCTEH IOJICH HCTOYHUKOB:
E=YE.
Ecmu MOXHO mpeHeOpedYbh 3aBHCUMOCTBIO CBOWCTB CpEIbl OT HANPSHKEHHOCTH, TO TPUH-
[T CYIEPIIO3UIIMN BBITOJIHACTCS M JUISI TIOJISI B BEIICCTBE.

Hanpmlce}moch AICKTPHYECCKOI0 IMOJIsA CUCTEMBI 3apsiioB:

. A qF - .dqFf
E-Ykah E-kEIL
i=1 rl rl Q r r
rac f; - paaunyc-BCKTOp, HpOBeI[eHHHﬁ OT 3apsaa qi U3 CUCTEMbI TOYCUYHBIX

3apAN0B (1, ..., Gn B PaCCMaTPUBAEMYIO TOUKY, I - pajMyc-BEKTOp, NPOBEJICHHBIA B 3a/aH-
HYIO TOYKY M3 TOYKH, TJi¢ HaXOmuTCs 3apsn dQ, BBIICICHHBIA B CHCTEME C HEMPEPHIBHBIM
pacnpeesIeHueM 3apsiioB.

CuiioBble JIMHMU (JIMHUM HANpPsOKEHHOCTH) — JIMHUM, NPOBEACHHBIE TaK, YTO KacaTelbHas

—

K CWIOBOH IIMHMM B KaXIOH TOYKE COBIAAET C HampabjieHHeM Bektopa E . CunoBsle u-
HUU He nepecekaromces (puc.3.3).

—

- E
E e
\ d} £,
Puc.3.3 Puc.3.4 Puc.3.5

T0TOK HANPSIZKEHHOCTH DJIEKTPHYECKOTo TIoNIs E depe3 moBepxHOCTH dS:
d® =E,dS = E dS cosa

rie En — npoekuus Bektopa E Ha HopMans k mumomanxe dS (puc.3.4).
[Torox @ HampsHKEHHOCTH TIOJISI CKBO3b MOBEPXHOCTH S:

@ =[E,dS
S
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Teopema 'aycca: I[lomok eekmopa E cxeosw niobyio samxnymyro nosepxnocmo S 6 eaxyyme

NPONOpYUOHaNeH 3apady HAXo0auwemycs 6 obveme, 0ZPAHUYEHHOM 3MOU HOBEPXHOCbBIO
(puc.3.5):

{E,dS ~15q wm {E,dS :ijpdv .
S 80 i S 80 Vv
®dusnyeckoil ocHOBOM TeopeMsbl ['aycca siBigercs 3akoH Kynona.
Hanpsi:keHHOCTBb 3J1eKTPHYECKOro oI HEKOTOPBIX 3apsizKeHHBIX TeJl:
UWIMHID, 3apsOKEHHBIA  cepa, 3apsKeHHas HUTb, 3aPSKEH-  IJIOCKOCTh,  3apsiKEH-
10 IIOBEPXHOCTH C 110 IOBEPXHOCTH C Has C JIUNHEMHOM Hasl C IOBEPXHOCTHOM
IUIOTHOCTBIO G IJIOTHOCTBIO G IUIOTHOCTBIO T  IUIOTHOCTBIO G

h D
E=0; R E=0; E=—— =
27[80r —_— 0__>X 280

r>R r>R \ <0
=_oR oo or || e o
2¢,r et U - 2¢,

PaGoTa cui1 3J1eKTPOCTATHYECKOT0 TOJIS NPH MepeMelieHun 3apsiaa Jo:

84 =qoEdT = qE, dl =-dWn = —qo de,
2

A1 = IE, dl = Wi — Wi = o( 91 — ¢2),
1

rae Wi, W2 - 3HaueHus TOTEHIMAIBHOW SHEPIHH 3apsjia
B Toukax 1 u 2, @1, ¢2 — moreHuuansl Touek 1 u 2 . Paboma
CUL INeKMPOCMAMUYecKo20 nojisi Npu nepemewjeHul 3apsaoa
Jo He 3agucum om Gopmbl mpaekmopuu u onpeoensiemcs
NONOMCEHUEM HAYAIbHOU U KOHEYHOU MOYEK.

Puc.3.6

PabGora cun snekTpocTaTMyeckoro IMoJis MpH NEpeMelieHHH 3apsia (o M0 J00My 3a-
MKHYmMoMy TYTH paBHA HYIIO:

qO§E|d| = 0.
L

Pa3nocTh moTeHnmanoB touek 1 u 2 paBHa paboTe KyJIOHOBCKUX CHJI MPH NEpEeMELICHUH
€AMHUYHOTO MOJIOKHUTEIBHOTO 3apsi/ia U3 TOYKU 1 B TOUKy 2:
Q1— @2 = A2/ Qo.
IHoreHuMag @ SIEKTPOCTATUYECKOTO IOJIS - JHEPreTHYecKash XapaKTepUCTUKa OIS, PaB-
Hasg OTHOUICHUIO MOTEHLMAIBHONM DHEPrMU TOUEYHOTO 3aps/a IOMELIEHHOIO B paccMaTpuBa-
€MYIO TOUKY K BCIIHYMHE (jo DTOTO 3apsja :

¢ = Wn/qo.
IMoTeHUHAT JIEKTPOCTATHYECKOT0 MOJISI TOYEYHOro 3apsaa B TOYKE, HaXOASIIEHCs Ha
pacCTOSIHUU [ OT HETO: (@ = a9 .
4re 1

Ilorenuuan IJTEKTPOCTATUIECCKOI'O I0JISA CUCTEMBI 3apsAA0B:



CMOJTIeHCKUA
Hanpaenenue noocomosxku 12.03.02 «Onmomexuuxay ¢ @unnan
| 4

IIpogpuns « Onmuxo-31eKkmpoHHble nPUbOPbL U CUCTIEMbLY W
Memoouueckoe obecneuenue oucyuniunvt 51.0.05 «Duzuxay vun_
-G
p=)——+C, o= I +C,
i=1 4T I A of
rae ri - pacCTodHue OT 3apsaa qi N3 CHUCTCMbI TOYCYHBLIX 3apsaa0B q]_, ey qn B pacCMaTpuBa-

EMYIO TOUKY, I - pACCTOSIHUE OT TOYKH, IJie HaXOoauTcsi 3apsa dQ, BBIICICHHBIH B CUCTEME C
HENPEPBIBHBIM  paclpeesIEHUEM 3apsiI0B.

[ToreHuuan ompenensieTcs € TOYHOCTBIO [0 MPOU3BOJBHOM mOCTOSSHHOM C, KOTOpPYIO
HaxXOJAT C IOMOILIBIO JOINOJIHUTENbHBIX YCIOBUHM. JlJI1 CHCTEMBI 3apsA0B, 3aHMMAIOIIUX
ocpaHudenHyto 00JIacTb, MOKHO MoJsaraTh, yto @ — 0 mpu ' —> oo, T.e. C=0.

L —"F==c-- L.

LMpKyJsiuMst BeKTOpa Hanpsbkennoctm E  anexmpocmamu-

YecKo2o Nnojs Nno A00MY 3AMKHYMOMY KOHMYPY DPABHA HYIIO:
fEdF=0
L

CunoBele JTMHUH QJICKTPOCTATUYCCKOI'O II0JIsI HE

Puc.3.7

3aMKHYTBIL. OHU HAYMHAIOTCA HA IIOJOXKHUTEIBHBIX 3apsAaaax, 3aKaH4YMBArOTCA Ha OTpHLA-
TCJIbHBIX 3apsAdax, yXOIAT B OECKOHEYHOCTh HIJIH IMPpUXOIAT U3 OECKOHEYHOCTH.
CBs3p HaNPSA>KEHHOCTH U IIOTCHHHUAJIA 3JTTCKTPOCTATUYCCKOI0 IMOJIsA:

E = —grad ¢ = -V,
=—0¢p/0x Ey=—6(p/8y,Ez=—8(p/82.

—

3HaK MUHYC YKa3bIBaeT, YyTo BeKTOp E HampaBieH B cmopony yowisanus .

JKBUNOTEHUHAIbHbIE TMOBEPXHOCTH — IMOBEPXHOCTH  paBHOro moTeHIuana. CuiioBbie
JUHUM TEPIEeHIUKYISAPHBl SKBUIOTEHIIMAIBLHBIM MOBEpXHOCTAM (puc.3.8) .

Puc.3.8 Y Puc.3.9
DeKTPUYECKH THI0Jb — CHCTEMA JBYX Pa3HOMMEHHBIX TOUCUHBIX 3aps/oB (+ J, — ()
(puc.3.9).

Junoanubiii moment:  P=ql,

—

e I - IJICYO0 OUIIOJIsL, BEKTOP, HaHpaBJ’IeHHHﬁ IO OCH JUIIOJIA OT OTPHULATCIBHOIO 3apsaja K
MMOJIOKUTCIIBHOMY U paBHLII\/’I Mo MOAYJIHO paCCTOSIHHUIO I MCKAY HUMHU.
IloTenuuan u HaANPAKCHHOCTD IMOJISA JTUIIOJA:

o= PT_ _3(pA)rf p
4re r’ dre r° 4 r’
JAMmoub B JIeKTPUYECKOM moJje. B 3JeKTpUYeckoM ToJie Ha JUIOJIb JIEMCTBYET Bpa-
A0 MOMEHT
M =[pE].

B HQOC)HOpOaHOM II0JIC Ha AUIIOJIb JICI\/'ICTByCT TakKXKXE CHJIa

m
I
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oE
ol

rne 0E/0l - npousBomnas E B manpasnenun Bektopa P .

|

HOJIﬂpI/I3aIII/IH ANNIEKTPUKA — BO3HHUKHOBCHHC B o0BeMe JAUBJICKTPHUKA IIOI JICUCTBHUEM
OJICKTPUYCCKOT'O ITIOJIAA SJICKTPUYUCCKOI'o JIWIIOJIBHOI'O MOMCHTA.

Dnexmponnas nonspusayus. 00ycIoBIeHa CMELICHHEM B rojie E 31ekTpoHHBIX 0607104k OTHOCH-
TEJIbHO aTOMHBIX SIZIep U UMEET MECTO BO BCEX aTOMax U UX cucremax. OpueHmayuontas nospu-
3ayus XapakTepHa JYIs TIOJSIPHBIX TUJIEKTPUKOB, COCTOSIIIMX U3 MOJIEKYJI C IOCTOSIHHBIMU JTUTIONTIbHBIMHU
MOMEHTaMH, KOTOpbIE MOT'YT TIOBOpAYMBAaThCsl. HMoHHasa nonspusayus B MOHHBIX KPHUCTAILIaX 00yCIIOB-
JIeHa CMEIICHUEM BO BHEIIHEM TI0JIE PA3HOMMEHHBIX MOHOB U3 MOJIOKEHUIT paBHOBECHS B TIPOTHBOIIO-
JIO’KHBIX HAIPaBJICHUSX.

Ioasipu3oBannocTh (BeKTOp nonspusamuu) P - ounoneusii momenm
eAUMHUIBI 00beMa JTUAJICKTPUKA:

— 1 I
“av P
CBsI3b MeK1Y BEKTOpaMHu 5 u E :
p :XSOE,

I7ie 7y - QUDJIEKTpUYecKas: BOCHPUUMYHUBOCTD IUAJICKTPHKA.
HanpsizkeHHOCTH pe3yJIbTUPYIONIEro MoJjisi B IUIJIEKTPUKe:
E=Eo/(1+y) =Eo/e,
rae € =1+ y - mudnekTpuyeckas MPOHUIIAEMOCTh CPE/bl, MOKa3bIBaIoOIIasl, BO CKOJIBKO pa3
0JIE OCTA0ISAETCS TUIICKTPUKOM.
DJleKTpHYeCKoe CMeleHue (3JeKTPUYecKas HHAYKIMS):

D=¢E+P

Casizb Mexay BekTopamu D u E:

— —

D=¢c¢,E
TeopeMa Faycca AJIA JIEKTPOCTATUYECCKOIO ITOJS B JUIJICKTPUKE:

{D,ds =3 g

Ilomok cmewenuss 31eKkmpocmamuiecko20 Nojs uepe3 JH00YVI0 3AMKHYMYIO NOBEPXHOCHb
paesen  aneedpaudeckol cymme C80000HBIX 3aps008, OXE8AMbIBAEMbIX NO8EPXHOCIbIO.

I'pannunbie yenous aas E u D :
D2n = Dmn; € Du || D2 €1
€ Eon = e1kan, Eiq
: o—>
Ey = Eic; 00, .
D21:/82 = Dlr/ €1, &2 &2 EZ‘E
Puc.3.10

CeFHETOZ)JIeKTpl/IKI/l — KpUCTAJTNIMYCCKUEC NUIBJICKTPUKH, 06.]'[3213}01111/16
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PA
Psl __ _
€ En
—> E=0
E
Puc.3.11 Puc.3.12

nossipuzoBaHHocThio (BaTiO3, NaKCsH406-4H20, KH2PO4 1 1p.). BHyTpeHHee mose B HUX
MOKET 3HAYUTEIHbHO MPEBOCXOJUTH BHEIIHEE IOJie. 3HAYEHUS € JJISI CErHETORJIEKTPUKOB
JOCTUTArOT 3HaYenuii ~ 10°.

JUIss  CerHETORJIEKTPUKOB XapaKTepHa HEIMHEHHAs 3aBUCHUMOCTh TOJSPH30BAHHOCTH OT
HANPSDKEHHOCTH  dnekTpudeckoro noins (puc.3.11). Css3p mexay P u E wneoonosznauna u
OTIPE/ICIIACTCS  TPEIISCTBYIONICH  HMCTOpUEH CETHETORJICKTpHKa (SBJICHHE eucmepesucd,
puc.3.11). Kospyumuenas cuna E. XapakTepusyeT CIIOCOOHOCTh CETHETOdJIEKTPHKa CcoXpa-
HATH COCTOsSIHUE Toyispu3anuu. [Ipu TemmepaTtypax, nmpeBbimaommux Temmneparypy Kropu (Tou-
Ky Kiopu), cerHeTosnekTpuk TepsieT crenupuyeckue CBONCTBA.

HanpsizkeHHOCTh  JJIEKTPOCTATHYECKOTO TMOJisi Y MOBEPXHOCTH NMPOBOHUKA
(Puc.3.12):

En = ol &g,
r7Ie € - IUPJICKTPUYECKas TMPOHUIIAEMOCTh CPEIbI.
DJieKTpuYecKkass eMKOCTb — Mepa CIOCOOHOCTH Tella HAKaIUIMBATh SJIEKTPUUECKUN 3apsil.
DJIeKTpuYecKass eMKOCTh YeTHHEHHOTO MPOBOHUKA:
C =qle,
rae g, ¢ - 3apsau MOTEHIUAN MPOBOJHHKA.
DNEKTPOEMKOCTh YeIUHEHHOT0 Iapa paamyca R B cpeme ¢ AMAICKTPUYECKOH MPOHHUIIAEMO-
CTBIO €:
C=4ng eR.

KoHaeHcaTop — yCTpOICTBO, CIOCOOHOE HAKAILIUBAThL U TIEpepaclpesieiaTh dJIeKTpUYe-
ckue 3apsansl. KongeHcaTtop cocTout u3 AByX (uiu 6oree) MPOBOAHHKOB (OOKIANOK), pasie-
JICHHBIX JTUAJICKTPUKOM.

DJieKTpuYeckass eMKOCTh KOHJIEHCATOpa:

C = q/lei—¢2),
rae (- 3aps OJHOW W3 0OKIAOK, (P1— (2 - PA3HOCTH MOTECHIIHAIOB MEXKTY OOKIIaIKaMH.
DJIeKTpUYecKass eMKOCTh IUIOCKOI0 KOH/eHcATopAa:
C = g¢eS/d,
rae S - IIom@aab OJIHOM U3 00KIaI0K, 0 — pacCTOsTHHE MEXKTy OOKIIaIKaMu.

DJIeKTpuYecKass eMKOCTh IHJIUHIPUYECKOro KOHAeHcaTopa (JABYX KOAKCHUAJIbHBIX -
JUHIPOB paanycoB Ri, R2 u mauuoit | ):

C = 2meoel/ In(Ro/ Ry).

DJleKTpUYeCcKasi eMKOCTh c(epruuecKoro KoOHAeHcaTopa (IByX KOHIICHTPHUYECKHX cdep
KOAKCHaJIbHBIX C paauycamMu Ri, R2):

C = 4neneRiR2 /1 (R2 — R1)
DJieKTprUYecKass €MKOCTh CHCTeMbl KOHIEHCATOPOB, COeTHMHEHHBIX

napanneivno. C =z C., nocredosamenvro: C = (Z Cifl YL

3Hepl"l/lﬂ 3aAPANKECHHOI0 YCAUMHECHHOIO NIPOBOJHUKA:
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W= Co?2=09q/2 = q?/2C.
JHeprusi 3apsizKeHHOI'0 KOHJeHcaTopa:
W=q22C=C(p1-92)42 = q(p1—-92) /2.
O0beMHAasI IVIOTHOCTH YHEPTHHU IEKTPUIECKOT 0 MOJIst
w = ED/2.

3.2. IToCTOSAHHBIH IEKTPHYECKHI TOK

DJIeKTPUYeCKUil TOK - HAIPaBJICHHOE JBIDKEHUE HOCHUTENEH AJIEKTPUYECKHX 3aps/ioB (3JIEKTPO-
HOB, MOHOB, JIBIPOK U T. I1.). J{JIsi CylllecTBOBaHMs TOKa HEOOXOIMMO HAaTMuKe CBOOOIHBIX HOCHTENEH
3apsiia U HEKOTOPBIX CHWJI, CIIOCOOHBIX IOJAJIEPKUBATH UX JIBHKEHHE.

Toxk MpoBOAMMOCTH - YIIOPSZIOYEHHOE JBIDKEHUE 3apsiioB, OOYCIIOBIIEHHOE JIGHCTBHEM O3JIEKTpHYe-
CKOTO TOJIL.

JMupPy3MoHHBII TOK - NEKTPUYSCKHH TOK, OOYCIIOBIICHHBIM  HAJIMYHUEM T'PaJIMCHTAa KOH-
LIEHTpalMy HOCWUTEINIEH 3apsija.

KoHBeKIMOHHBIH TOK - YHOPSIOYEHHOE JBIDKEHHE 3aps/IOB, OCYILECTBISIEMOE TIEpEMEIIICHHEM B
MPOCTPAHCTBE MAKPOCKOINYECKUX TEJL.

[110THOCTH TOKA - KOJIIMYECTBEHHAs XapaKTEPHUCTHUKA TOKa : , ds
- R 1
j =qnda. !
1
o _ 1 —
rae ¢, N - 3apsa W KOHIEHTpamus HOcWTeNeu 3apsma, U - cpen- ! n
HSIST CKOPOCTh YIOPSAOYCHHOTO JBIDKEHUS HOocHuTesel. [Ipu Hamm- N ' i
YHH HECKOJIBKUX COPTOB HOCHTENEH 3apsia R \
)= qunkuk : ‘
K
- undt
Abcontromuoe 3nauenue NIOMHOCMU MOKA PABHO 3apsdy, NPOXO- > -
oseMy 6 eOUHUYy 6pemMeHU uepes eOUHUUHVIO NI0WAOK), nep- Puc.3.13
HcC.o.

NEHOUKYIAPHYIO OBUIHCEHUIO

3aps006 6 OaHHOU MoyKe. 3a HaNpaBlIEHHE TOKa MPUHUMAIOT HalpaBJIECHUE JABWKEHMS I10-
JIOKUTENIbHBIX 3apsi/iOB.
Cuna Toka - UHTErpajbHas XapaKTEpPUCTHKA TOKa, paBHas 3apsny, MPOXOAAILYIO B

€AMHMIY BPEMEHU dYepe3 3aJaHHYI0 IOBEPXHOCTh, T.€. MOTOK BEKTOpa j qyepe3 3aJaHHYIo

MOBEPXHOCTh S :

dt

B IMPOBOAHUKE C Majoun IIOIIAJIbI0 TMONICPEYHOT0 CCUYCHUA (HHHCﬁHOM HpOBO)IHI/IKe) 10T~
HOCTh TOKa OJWHAKOBa B Kﬁ)KZ[Oﬁ TOYKEC CCUCHUA WM HAIIpaBJICHA BJAOJIb 3JICMCHTA JJIMHEBI IIPO-
BOJHHKA. B stom cjIydac

=jjnd8=d—Q.

=js.

YPaBHeHHe HENMPEPLIBHOCTH - CJICIACTBHUE 3aKOHa COXpaHCHUS 3apsia:
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VMeHbuleHue 3apsioa 6 eOUHUYY 6PeMeHU 8 HEeKOMOpoM
obveme N paeno MoKy uepe3s nOGepXHOCMb S, 02PAHUYU-
sarowyro smom oovem (puc. 3.14):

d : dQ
9 rodv =—§jds aQ__,
dth ij” BT

TOK, HaHpaBJ'IeHI/Ie U CHJIA KOTOpOFO HE HU3MCHAIOTCA CO
BPEMCHCM, HA3LIBAIOT NOCMOSHHBIM.
Puc.3.14 P ’

s nocrostuaoro Toka | = Q/ At, tae Q — ayekTpuuecKuil 3aps, MPOXOJSAIIUN 3a IMpoMe-
JKYTOK BpeMeHHU At uepe3 nmonepeuyHoe CeueHue MpoBOAHHUKA.
3akon Oma B auddepenuuanbHoii dopme: niomrocms moka nposOOUMOCMU NPO-
NOPYUOHANbHA HANPANCEHHOCMU NIeKMPULECKO20 NOJIA.

I=c E,

rae G = ( UN - yoenvHas 31eKkmponposoonocms (IPOBOJUMOCTH) CPEIbl, L - TMOJABUKHOCTD

HocuTeNel 3apsaa (CKOpOCTh B €IMHUYHOM mosie). Bemuwumna p = 1/c - ydervnoe conpo-
MueieHue NPOBOOHUKA.

OtkioHeHnss OT 3akoHa Owa CBSI3aHBI ¢ K3MEHEHUEM KOHIICHTPAIIMM ¥ TIOJBH)KHOCTH HOCH-
TeJIeH 3apsaa MpU MU3MEHEHUH 3JICKTPUYECKOTO MMOJIs (B MOJIYIPOBOAHUKAX M FA30BOM paspsijie).
3akon :koyns-Jlenna B nuddepennuaibuoii popme: 6 eounuurom ooveme npo8ooHU-
K 3a eOUHUYY 8PeMeHU BbLOENSIeM sl Meni08as IHepeus
w= JE = 0F = pj?.
3akon Oma B MHTErpajbHOil (popMe OTpaKkacT 3aKOH COXPaHEHHs M IPEBpAIICHUS
SHEPTUH B IIEMH TOCTOSIHHOTO TOKA.
Jlnst Heoonopoonozo yyactka 1enu (puc.3,154)
IR12 = @1 — @2+ €12.
st 0onopoonoeo ydactka nenu (12 = 0) (puc.3.156)
IR = @1 — @2.
Hns 3amkaytoi nemu (puc.3.158) (Re = R+r),en =¢, I(R +7r1) = ¢,

a O 8

1 e Ri2 2 1 1 2 s| |

— [} 1
I R —___

Puc.3.15

re €12 - anekrpoasmwkymas cuia (DJ]C), nelicTByronias Ha ydacTke Iemnu 1-2,
@1 — @2 - Pa3HOCTh MOTeHIHaAIOB T.1 U T.2, Ri12 - 3IeKTpUYECKOE CONPOTUBIIEHUE YdacTKa

1-2, R - conpoTuBjeHNE BHEIIHETO y4acTKa 3aMKHYTOH Ienu, I — BHYTPEHHE CONPOTHUBICHUE
ucrounuka JJIC.

Pa3zHocTh moTeHumanoB T.1 u T.2 paBHa paboTe KYJIOHOBCKHMX CHJI IpH
nepeMeneHHH eAMHUIHOTO MTOJIOKUTEIILHOTO 3apsiia BIIOJb Y9acTKa 1emnu 1-2:

2
Q1 — @2:IEKdI
1

JuekTpoaBmkymas cuiaa €12 (3/1C), nefictByromas Ha ydactke memnul-2:
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2
€12 = '[ E_dl .

1
DnekmpoosuxiCywas cuia 4YucleHHo pasHa pabdome CMOPOHHUX CUll, Mm.e. UCMOYHUKA
NEKMPUUECKOU IHep2UU  NPU nepemewjeruu no yyacmky yenu I-2 eOuHuuyHo2o noaodicu-
mebH020 3apsada. B 3aBUCMMOCTH OT PUPOABI CTOPOHHUX CUJI paznudaroTcs: xumudeckas 31C
(B raJIbBaHUYECKUX 3JIEMEHTaX M aKKymyusTopax), ¢porosnexrpuueckas I/C, smeKTpoMarHut-
Hasg DJIC (B mmHamomamuHax, TpaHchopmaTopax), tepmosnnekTpuueckas I/C ( Ha yyacTkax

LEMU ¢ HEOJHOPOAHBIM paclpeeICHUEM TeMIepaTyphl) U T. 1.
DJIeKTPpUYeCKoe CONMPOTUBIeHNEe yJacTka nenu 1-2:

2 dl
R = p— .
1S
Hﬂﬂ OJJHOPOJAHOT'O ITPOBOJHHKA ,HHHHOﬁ I]_2 ITOCTOAHHOI'O CCUCHUS
R12 = pl12/S.
Hanpsikenne Ha y4yacrke memm 1-2:
Uz = IR

HanpsokeHre Ha y4acTke el paBHO CyMMAapHO# paboTe KYJIOHOBCKMX M CTOPOHHHX CHII
Py MEPEMENICHUH 110 3TOMY YYacTKy LEHH CIUHHYHOTO IOJIOKUTEIBHOTO 3apsia.
MoIHOCTh TOKA: P=1°R=U?R.
3akon xoyns-JleHna ans ydacTka WENH | KOIUYECHBO MENIOMmbl, GbloensemMoe NOCmo-
SAHHLIM MOKOM 3a 6épemsi t 6 yuacmke yenu uz HenOOBUINCHbLIX  NPOBOOHUKOSE PAGHO
Q =1I1%Rt=1Ut = (U?/R)t,
IMepBoe mpaBuwiio Kwupxroga - ciepctsue 3aKoHA COXpPAHEHUS 3apsijia: areedpaudecKkast
CYMMQA MOKO8 8 Y3ile, PAGHA HYIIO.
Y1, =0.
k

3HAKHU TOKOB, TEKYLIUX K Y311y U OT HEro, CYMTAIOTCS IPOTUBOIOJIOKHBIMH.

Bropoe mpaBuiio Kupxrodga - cieacrtBue 3akona Oma 1Jis 3aMKHYTBIX KOHTYPOB, IPOU3-
BOJIbHO BBIJEJIIEMBIX B Pa3BETBICHHON LENU.

B nobom  3amkmymom kowmype ancebpaudeckas CyMMa HANPANCEHUl HA 6CeX YUACMKAX
KOHmypa paena anzebpauyeckol cymme oeticmeyiowux 6 koumype /[C:

Zk:IkRK = zk“sk.

3Hak Toka |k MOJOKUTENeH NpU COBMAJEHUM €ro HAIPaBJIEHHUs C YCIOBHO
BbIOpaHHBIM HAampaBlI€HUEM 00X0/a 10 KOHTYpPY, 3HAaK &k IOJOKUTENIEH, €CIU IIpU JIBU-
JKEHUH I10 KOHTYPY IIEPBBIM BCTPEYAETCS OTPULIATENIBHBIN ITOII0C UCTOYHUKA. [Ipu cocTtaBnenuun
YPAaBHEHUH CIIENYET yKa3aTh HAIPABICHHUE

TOKOB M 00xona KoHTypa. Hampumep,

2 Juid y3na Ha puc.3.16
€1 Rily € Ryl li +12 —13 =0.

IIpu oOxome 1O YacoBOHM cTpenke
KOHTYypa 123

1 R l1R1 +12R2 —I3Rs = e1+ &2 — &3

7 ol I N3

€ Rsls
Puc.3.16

3.3. MaraurHoe noJjie
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Cuaa JlopeHna — cuja, JCWCTBYIOIIAs YaCTHUILY C 3apsAJioM (], IBHXKYIIYIOCS CO CKOPO-
CTBIO 7_} B SHGKTpOMaFHI/ITHOM I10JIC:
F,=aqF +q[0,B],

rac E - HAIps>KCHHOCTh  3JICKTPHUYECKOI'O I10JIA, B - BEKTOD MarHUTHOM HHIAYKOWH. Mar-
HUTHas COCTaBJIAIOIIass CHIJIbI gopeﬂua:

F 5 g ) F=q[3,B]
_ Bektop F nanpasnen mneprnenmukyispHO CKOpO-
o ~ g v CTM 4YacTHLBl M  BEKTOPY B (puc.3.17) u mno
9 v E Moaymo paBeH F = q v Bsina, rae o - yroi
MEXIy BEKTOpaMU O H B.
Puc.3.17

MarHuTHasi MHAYKIUS - CUJIOBas XapaKTEPUCTHUKA MArHUTHOTO MOJisA. MacHummuas uHOyK-
Yus pasHa MAaxKCUMAaibHOU cuje, Oelcmeyrouiell. Ha eOUHUYHDIU 3apso0, OBUNCYWULC 8 Mdae-
HUMHOM noJie ¢ eOUHUYHOU CKOPOCMbIO.

—

Cuina Ammepa - cuia, JeiCTBYOIIAs HA IPOBOJHHUK ¢ TOKOM B MarHuTHoM noje : dF

=[j.Bldv, F =[[],BldV (puc.3.18).

Jsg TMHEWHOTO MPOBOJHUKA
(puc. 3.19):

~.l

dVv

dF =1 [dl B,
F=1{[dl,B].
d}_f‘ B s mpsAMOJIMHEMHOTO MPOBOJHUKA B
Puc.3.18 Puc.3.19 OJHOPOJIHOM II0JIE
o = E=1Blsina.

MAarHuTHbIA MOMEHT KOHTYpa C TOKOM :
P =157,
rae S - mwIomaas IOBEPXHOCTH KOHTYpa, #l- €IMHUYHBIA BEKTOP,HANpABIEHHE KOTOPOIO

CBSI3aHO C HaIpaBJIEHWEM TOKa B KOHTypE MpPaBWJIOM IpaBoro BuHTa (puc. 3.20).
MoMeHT cuJI, JEMCTBYIOIUX Ha KOHTYP C TOKOM B MarHUTHOM IIOJIie

M =[p,B],

Momentr M HampasieH nepneHIuKyIIpHO BekTOpam P U B (puc. 3.21).  Moayab Bek-

—

topa M pasen M = pnB sin o. F

P,
) F,
n
F,
, b,
Puc.3.20 F,

Puc.3.21
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BennuuHa Bpamjaromero MOMEHTA MOJKET CIYKUTh XapaKTepUCTUKOW MArHUTHOIO IOJISI B
MECTE HaXO0)KJIEHUS MIPOOHOT0 KOHTYpa ¢ TOKOM. Macnumuas — uHOYKyus 6 OAHHOU MouKe
YUCNIEHHO PABHA MAKCUMANbHOMY 6paujarouiemy MOMeHmy, Oeucmsyrwemy Ha NpoOHbll
KOHMYp, MASHUMHbBIN MOMEHM KOMOPO20 paseH eOuHuye:

B= Mmax/pm.
Cﬂﬂa, ]Iei/iCTBylomaﬂ Ha KOHTYPp ¢ TOKOM B HEOAHOPOAHOM MATrHUTHOM mnmoJie:
- 0B
SRR
on

rae 0B/ dn - npoussonnas nmo wanpasnenuto Bekropa P . Hanpasnenue sexropa F - cos-

—

majaeT ¢ HampaBJICHHEM npupauyenusi Bektopa B B manpasnenum Bextopa P, (puc. 3.22).

0 Y
1 = T—l—

- -t

]

| -

D0} I

1

! = —>

1 — x

F, E

(ZIGKOM‘ B™™M HOM TIONCT TpPI‘{eCKOFO

II0JI1 B allpaBJICHUU, HepHCHI[I/IKy.H}IpHOM HJ'IOTH‘@CTI/I"POKX -_— -_— d

ju HHﬂyKuMEI/{\?al?’H%%Horo nonms B (puc. 3.23). . 2 Puc.3.23

XoNmoBCcKasi pa3HOCTh MOTEHIHAIOB

U+ =RjBa= RIB/ .
rae @, d — TonmHa W mMpHHA TwiacTHHKK, R =1/Qn - mocrosiaHas Xosa.

3akon Buo-Capapa-Jlanaaca : wnaykims warautHoro mnons OB smemenra dl  mpo-

BOoJHUKA ¢ TOKOM | B Touke A (puc. 3.24) paBHa

- |[dI'T

gg = 1191 7] : 1

4T r

rae I - paguyc-Bektop, nposenenusiii us snementa d | nposonnuka B T. 4,
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Wo = 4m -107 ’'e/m - MarHuTHas TocTosiHHAs. Hampasnenue
sektopa 0B  neprenmukymapro dl u F. Moayms Bektopa
dB:

I dlsina

2 ’

dB =t
4T r

rae o - yron mexay sektopamu Ol u T,

I/IHIIYKHI/IH MArauMTHOI'O I10JIsI MPOBOJHHUKA:

I'1€ HUHTCIpUpOBaAHUC BCIACTCA IIO NJJIMHE IIPOBOJJHHKA.
Puc.3.24 A pup A A POBOA

MarauTHasi HHAYKUOHS NPSIMOro Toka (puc.3.25)

B= Ho 1 (cos a1 —cos ayz ),

4mr,

—

TJIe O, O2- YIJIBI MEXKIY HampaBicHHeM TOka W I B Havale W KOHIC NpOBOAHMKA. Jliis
OECKOHEYHO JUIMHHOTO NpOoBOgHMKAa B =po l/2nr0.

A -
0.%) B
i |
| 4 r B T !
0 Z
=
0(,1 —-—
R 5
Puc.3.25 Puc.3.26 Puc.3.27
MaruuTHasi HHAYKOMS HAa OCH KPYroBoro Ttoka (puc.3.26)
g Mo 2P
4 (R*+2°)"

B uentpe Butka (z =0) B =po 1/2R.

JIMHUM MArHMTHOM HHAYKIUHA (MaFHI/ITHLIC CHJIOBBIC J'II/IHI/II/I). MNpOBOJAT TakK, YTO B KaXK-
IO TOUKE MOjs KacaTeabHas K JWHUM MarHUTHOM HHAYKIUU COBIAAACT C HAIIPABJICHUCM

BekTOpa B B 9TOil TOUKe, Kak MOKA3aHO HA NMPUMeEpPE CHIIOBBIX JIMHUIL MO MPSIMOTO TIPOBOJI-
HUKa ¢ TokoM (puc.3.27)

IoTok BekTOpa MarHuTHOM unaykiu B (Marnuthbil motok) uwepes muomanky d S :
d®y=BndS=BdScosa,

rne Bn= B CoS o - MPOEKIIHs BEKTOPa B na HanpaBIeHNe HOPMAH K IIIOMIA/IKe ds, a-

YIOJI MEXIy BEKTOpaMu Buf (puc.3.28). Ilotok BekTopa B yepe3 MPOU3BOJIBHYIO I10-
BEPXHOCTh S paBeH

= [B,dS.
S
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Jns ogHOPOAHOTO MOl U IUIOCKOM TOBEPXHOCTH @y = Bn S.

—

Teopema I'aycca 1JIsi MATHMTHOIO MOJISI ¢ 70MOK 6eKmopa maznummoi unoykyuu B
yepe3 100Y1I0 3aMKHYMYI0 NOBEPXHOCb PABEH HYIIO:

§{B,dS = 0.
S

Jlunuu macnumnou UHOYKYuUU 6ce20a 3AMKHYMbL.

1<0; 1,<0; I3>0 B
Puc.3.28 Puc.3.29

Iupkyasuus BekTopa B mo samkmyromy Koutypy L : 6 eaxyyme yupxynayus eexmo-
pa UHOYKYUU  MASHUMHO20 NOJS HNOCMOSHHBLIX MOKO8 HO HPOU3BOJLHOMY 3AMKHYMOMY
KOHMYpY HNPONOPYUOHANbHA al12edpaudeckoll cymme MmMOKO08, O0X8ambleaeMblX SMUM KOHMY-
pom:

3neck Bl = BCOS o - npoekius BekTopa Ha Kacatenbhylo k koutypy L, dl - smement xom-

Typa, HampaBJeHHBI BIONb 00X04a KOHTypa, o - yron wMexay sekropamu 0l u B

(puc.3.29). Ilpu BBIUMCIEHUH CYMMBI TOKOB CJIEIYET
YYUTHIBATh 3HAK TOKOB IO OTHOIICHWIO K BHIOpAHHOMY HANpPABJICHHIO 00XOJa B COOTBET-
CTBUU C TPABWJIOM IPABOTO BUHTA.
MaruuTHasi MHAYKUMS BHYTPHU JAJHHHOIO coJieHouaa: B = ponl,
rje N - 4UCJIO BUTKOB Ha €IUHUILY AJTUHBI.
HamarHn4eHHOCTb - MarHUTHBII MOMEHT €IUHUIIBI 00beMa MarHeTHKa:

= 1
J=—"->DP.
mi ?
AV 5
rae P, - MarHUTHBI MOMEHT i-ii MOJEKyJbl (MM aToMma), - KOJMYECTBEHHAs XapaKTepH-

CTHKa COCTOsSHHA HaMarHuM4yCHHOI'O BCIICCTBA.
B He caMmKoM CHIBHBIX ITOJISIX

J = 1B, I,
T/I€ Y - MACHUMHAS B80CNPUUMYUBOCMb BEILECTBA.

Juamacnemuzm 00YCIOBIEH MHKPOCKOMYECKUMH SIEKTPUUECKUMU TOKAMH, WHIYLIMPOBAHHBIMH
BHEIIIHUM MAarHUTHBIM TI0JIEM M SIBISIETCS YHUBEPCATGHBIM CBOMCTBOM BCEX BEILECTB. JlMamMarHUTHBII
MOMEHT HaIlpaBJIeH HABCTPEUY BHEIITHEMY MAarHUTHOMY IIOJIIO.

Tapamaenemuzm 0OyCITOBTIEH OpWEHTAITMEH TTOJT ISHCTBUEM BHEIITHETO MAarHUTHOTO TIOJISt COOCTBEH-
HBIX MAarHUTHBIX MOMEHTOB YaCTHII BEIIEeCTBA (3JIEKTPOHOB, aTOMOB, MOJIEKYJT) B HAIIPABIICHUH TTOJISL.

MaruuTHasi NPOHUIAEMOCTh BemectBa | = 1 + y - BeauM4MHA, MOKA3bIBAIONIAS, BO

CKOJIBKO pa3 MardiuTHasd HWHAYKIOHA B BCIICCTBE OTIMYACTCA OT HMHAYKOHU B BAKYYMC: B
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= uBO. Hnsa nmamaraetukoB y < 0, u <1, mis nmapamarameruxoB Y > 0, u> 1 mpudyem ‘X'
-nopsiaka 1074-105 u p mamo oramuaercs oT eXMHHMIBL
HanpsizkeHHOCT MATrHUTHOIO MOJISA:
H=Blp - J
CBsi3b MekAy MHAYKIHEH W HANPAKEHHOCTHI0O MATHHUTHOIO MOJIS:
B=wp H,

TeopeMa 0 NUPKYJIAUUA MAIHUTHOTIO ITOJISL B BEIIECTBE:

fHdl =1

Lupxynayus — HanpssCceHHOCMU MACHUMHO20 NOJSL NOCMOSHHO20 MOKA  No Jobomy 3a-
MKHYMOMY KOHMYPY DPAGHA pe3VIbmMupyloujemy MAaxKpomokKy, CK803b NO8EePXHOCMb, 02PAHU-
YEeHHYIO OAHHLIM KOHMYPOM.

I'paHu4HbIe YCIAOBUSA 15 Bu I:[ :
Hl Bln an Hl Bln - BZn;
Hi. uw Hin = w2 Hon
O
O [0 —— H>: = Hix,
L2 L2 Hy, Boiluy = Bidlua.
Pnc.3.30

MeppoMarHeTHKH - BEIIECTBA, OOJIAZAIONINE  CAMONPOUZBOTILHOL
(crrontanHoi) HamarauueHHOCTHIO (Fe, Co, Ni, Cd, Gd u wux crutaBel). BHyTpeHHee MarHuT-
HOE TMojle B HUX 3HAYUTENbHO mpeBocxomut BHemHee mone ( p ~ 10% + 10°). Ocobennocts
(deppOMarHeTHKOB - HEJIMHEWHAs 3aBHUCUMOCTh HAMAarHMYCHHOCTH ¥ MAarHUTHON WMHIYKIIUU
OT HamnpsKeHHocTH MarHuTHoro modis (puc.3.31). Cesazp mexay Ju H wimm B u H neoo-
HoszHauna (puc.3.33) W ompenensercs NPEIIISCTBYIONICH HCTOPUEH HaMarHMYUBaHHS (ep-
pomarHeTuka (sBienue eucmepesuca ). Ha puc.3.32 B, - ocrarounass wuHaykuus, He - xoap-
YumueHas Ccuia - BeIMYMHA XapaKTepU3ywmas CcrnocoOHOCTh (eppoMarHeTUKa COXPaHSTh
HaMarHMYeHHOe cocTosiHue. [Ipu Temrmeparypax, MpeBbIIamX Temreparypy Kiopu (Touky
Kropu), deppomarneruk tepsier crnenupuveckue CBOMCTBA.
NHAyKTHBHOCTHL KOHTYpa:

L= &s/],

rie  @s TMOTOK MarHUTHOTO MOJIS, CO3/IaBAEMOr0 TOKOM B KOHTYPE CKBO3b ITOBEPXHOCTb,
OTPaHUYCHHYIO THM KOHTYPOM.

WNHAyKTHBHOCTh KOHTYPA 3aBUCHT OT F€OMETPUYECKHUX Pa3MepoB U (POPMBI KOHTYpa, MarHUT-
HOU MTPOHHUIIAEMOCTH TOW CpPEbl, B KOTOPO# OH HaxomuTcs. IHAYKTUBHOCTh KOHTYypa SIBJISETCS
MarHUTHBIM aHAJIOTOM JJIEKTPUYECKON E€MKOCTH YEIUHEHHOTO IMPOBOJIHUKA.

NHaykTHBHOCTH UIMHHOTO cojieHomaa: L= puo n?V,
rne V=S| - obwem coneHouja.
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JA B ‘
Js - — — _ _ \
> >
H H
Puc.3.31 Puc.3.32

Koapduumentsl B3aumMHONH MHAYKHMH. MarautHoe mnoisie Toka |1 B cucreme KOHTYpoB 1
u 2 (puc.3.33) co3maeT MarHUTHBIA TOTOK P21 = L1 |1
yepe3 KOHTYp 2, MarHUTHBIA IOTOK Yepe3 KOHTYp
1 wmarautHOrO MOJNsA TokKa Iz, paBen @12 = Lio lo.
Bennuunbl L1z u L21 Ha3piBaloT ko3 uumeHTamMu
B3aUMHON MHAYKIMHU. OHM 3aBUCAT OT pa3MEpoOB U
B3aMMHOI'O PaclOJIOXKEHUsI KOHTYpOB 1, U 2, a Takxke
OT MarHUTHOW IpoHuaeMoctu cpensl. s Hedep-
poMarHuTHOM cpenpl L1z = Loi.

Puc.3.33

PaGora mo mepeMemieHHI0 NMPOBOJHMKA W KOHTYpa ¢ TOKOM B IIOCTOSIHHOM Mar-
HUTHOM I10JI€: gA =|IBldx=1BdS =1d®,
r.l.w rie d@ - MarHuTHBIA TMOTOK dYepe3 momanas dS,

- S MepeceKacMyi0  MPOBOJHUKOM IIPH €ro  JIBMKCHHH
* = s @ (puc.3.34). Ilpy KOHEYHOM HM3MEHEHHWH MAarHUTHOTO
de o e F = | ToToKa

“Je o o o F A = 1 (D2— D).
- Paboma mne 3asucum om cnocoba uzmenenus mae-
- — HUMHO20 nomoka. IIpu 5TOM NpPeANoNaraercs, uTo

CHJIa TOKa B KOHTYPE NOCMOSIHHA.
Puc.3.34

JHeprusi MArHUTHOTO MOJIS, CBSI3aHHOTO C KOHTYPOM:
W= @?2L=LI%2.

O0beMHAasi TUIOTHOCTh HEPTMUM MATHUTHOIO TIOJISI:
W = BH]/2.

JHeprusi MATHUTHOrO moJjs B oobeme V : W= fwdv .
3.4. DyieMeHTBI 3JIeKTPOAMHAMHUKH

3akon @apages : I4C anekmpomazHumHou UHOYKYUU 6 KOHMYpe NPONOPYUOHATbHA
CKOpOCmU  USMEHEHUs. MA2SHUMHO20 nomoka @ CcK603b NOBEPXHOCMb, OXE6AMBIEAEMYIO IMUM
KOHMYPOM:

do

&6 =— ——

dt



Hanpaenenue noocomosxku 12.03.02 «Onmomexuuxay
Ipoguns «Onmuko-snexmportsie npubOPvL U CUCMeMbLY
Memoouueckoe obecneuenue oucyunaunvl b1.0.05 «Puszukar

CMOJIEHCKNA

( DUNTNAT

HER
M>3u_

I/IH,HYKI_II/IOHHHﬁ TOK HalIPpaBJICH TaK, 4YTO €ro HeﬁCTBHe NpCIATCTBYCT IPUYHUHE CI'0 BbI3bI-

Barolel (mpasuio Jlenna).

SIBjeHne caMOMHAYKIMHU - BO3HUKHOBeHHE DJIC MHAYKIMM B KOHTYpE B peE3yjbTare

W3MEHEHUsI TOKAa B ’TOM KOHTYPE.
IAC caMOMHAYKUIMH:

C_ do,_ dLn_ di dL
) dt dt dt dt
dl
ITpu L = const €& = —L—.
dt

SIBeHne B3aMMHOW WHAYKIUM - 803HUKHOGeHUue I/C unoykyuu 6 OOHOM U3 KOHMY-
PO8 cucmemvl npu USMEHEHUU MOKA 8 OPYeOM KOHMYpe:

do,, dl,

dt Tt

BuxpeBoe »3jeKTpuYecKoe moJe.

&2

do,

dt

dl,
“dt

Bcsxkoe nepemerHoe MmdadcHUuUmHoe noJe cozoaem 6

npocmpancmee  suxpesoe snekmpuueckoe nore E, (puc.3.35).

—

Lupkynsauus Bektopa E, pasna

B

__4d
iEBdl = - dt!BndS.

IMone E cknamsiBaetcst w3 mons E

—

q’

CO31aBacMoro 3apsagaMmm Hn BHUXPCBOI'O I10JIA E

—

B*

[upkynsiust BEKTOpa Eq paBHa HYIIIO, TO3TOMY JJII CYMMapHOIO

d
noss iE|d| :_E'S[BndS.

Ecmu  moBepxHocTh S u koHTYp L HemomBmxk-

HEI, TO

0B,

ILnoTHOCTL TOKA CMeEIIEHHUS .

L
cm at
oD
Tok cmeneHust yepe3 MOBEPXHOCTH S: lew = §d_d

8_B>0 a—B<O
ot ot
Puc.3.35

IHonHbIA TOK - cyMMa TOKa IPOBOJMMOCTH M TOKA CMEIIEHHS.

IlnoTHOCTL TOJIHOTO TOKA:

J non

IMoanblii TOK dYepe3 MOBEPXHOCTH S:

-

=]+

I noun

Teopema o mupKyJasiuuu BekTopa H :

, 0
ot

[(G,+ 2
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oD
ot

Hupkynayus eexmopa H no no6omy samxmymomy konmypy pasna nonnomy moxy uepes nio-
0Y10 NOBEPXHOCMb, OCPAHUYEHHYIO OAHHLIM KOHMYPOM.
YpaBHenuss MakcseJia @

fHdl = [(j,+-_")dS.

B muddepennmansaoii dhopme:
B unTerpansHoit hopme:
. = - 0B
—dsS ; divD =p; rot E = ——;
t ot

— —

oD, = div B =0;

ot H =] + b
ot

VYpaBaenuss MakcBella OMHCHIBAIOT COCTOSIHUSI U JUHAMUKY DJIEKTPOMArHUTHOTO TOJS U
COBMECTHO C YpaBHEHHUEM JABWKEHUS 3apsUKEHHBIX YaCTUIl MOJ JedcTBHEeM cuibl JlopeHia
COCTaBISIOT (PYHIAMEHTANBHYI) CHCTEMY YpPaBHEHMI, OMHUCHIBAIOIIYIO 3JIEKTPOMArHUTHbBIE
SIBJICHHSI, B KOTOPBIX HE

MPOSIBIISIIOTCSA KBAaHTOBBIE (D (DEKTHI.

MartepuanbHble YpaBHEHHMsl XapakTEPU3YIOT CBOMCTBA Cpebl, HEOOXOIUMBIC ISl OIHU-
CaHMsl DIIEKTPOMATHUTHOTO TOJIA B BemlecTBe. [l usomponmnvix cpell B JOCTATOYHO Cladblx
MOJISIX, CPABHUTEIBHO MeONeHHO UBMEHAIWUXCcsl B IPOCTPAHCTBE U BO BPEMEHM, ITH ypaB-
HEHUS UMEIOT BH/I:

D=exE, B=pwH, j=c E.

KBa3ucranuonapuble mojsi ¥ TOKM - 3JICKTPOMarHUTHBIE MPOIECCHI, B KOTOPHIX Xapak-
TCPHOC BpPCMs H3MCHCHUA Hojield u JABHUXKCHHUSA 4YaCTHUILL T B cucreMe HaMHOI'O IMPEBLIIACT
BpeMs 3ama3/ibIBaHus Tepenadd B3ammojeiictus: T >> 1t ~ AR/C, tae AR —pasmep cu-
cTreMbl. B QJICKTPUYCCKUX LCIAX IIPU 3TOM TOK CMCIICHHA HpeH€6pe)KI/IMO MajJl 110 CpaBHE-
HUIO C TOKOM IPOBOJUMOCTH 3a HCKJIIOYEHHEM o0iacTeld BHYTPH KOHJEHCATOPOB.

O06001menHbIi 3ak0H OMa 111 TUHEHHOTO KOHTYpa C K8A3UCMAYUOHAPHBIM TOKOM:

dl t
L— + IR+ a(t) = g(t).
dt C
3apsa koHaeHncaropa B uenu (puc.3.36) onuchiBaeTCS ypaBHEHUEM :
d
%9 ireq = 11 44
dt | ] O [—=——————=====-
[Ipu BKJIIOYEHHM B LIETIb HC- R 1
TOYHHKA
q(t) = eC(1 — exp(-t /7)), 2 2
_ <
rae t= RC. Ilpu oTkiroueHun K \ e 0 .
HUCTOYHUKA —0/1:—| = t
= Qo exp(-t/ ).
4= doexp(-t/x) Puc.3.36 Puc. 3.37

Tok B menu ¢ MHAYKTUBHOCTBIO (prc.3.38) onuchIBaeTcsi ypaBHEHHUEM

dl
L— + IR ==
dt+() &
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IIpy BKIIOYEHHH B LENb HC- I

TOYHHKA I | 1

I =1Im (1 —exp(-t /7)), mK-———————————==-
e Im=¢/R, 1=L/R. R 1
HpI/I OTKJIFOUCHUHN HWCTOYHHUKA 2
I = loexp(-t/ ). 'k\ 2

S il
1 |' 0 >
Puc.3.38 Puic. 3.39 t

Tok B KosedaTebHOM KOHTYpe (puc.3.40) onuchIiBaeTCs ypaBHEHUEM:

d? d
? + 2[3—q + g = f(t),
dt dt &(t)
rie B=RI2L, wo=1/~LC, f(t) = (t)L. c —Oq ~
YpaBHeHnue cBOOOIHBIX KoJiedanuii mpu R =0: — L
d*q ) R
dt? + ®,q =0.
CBoOoHbIe KOJIeOaHMsl 3apsaa - TapMOHUYECKHE C 4acTOTOM
Puc.3. 40

oo u nepuogoM T=2n/mo= 2n~/LC :
g = gm €0S (wo t + o),

rIe aMmIuiuTyaa (m M HadaimbHas (asza (o ONpeeNIIOTCS HAYaIbHBIMH yCIOBHSIMH:  (m
=0’ (0)+(1(0)/ ®,)" , tg g0 =~1(0) (o(0))

Tok B KOHType M HamnpspDKCHHE Ha KOHJIEHCATOpE:

| = — Imsin(mot+ @o), U=Uncos (wot+ @o),
rae Im= ®o gm, Um=Qm/ C - aMIIIUTYZIbl TOKA W HANPSHKEHUS COOTBETCTBEHHO.
YpaBHeHue cBOOOIHBIX Koledanuii mpu R #0:

d*q
dt?
[Tpu (Dé >B%2(R<2 \/m ) IPOMCXOJIST 3aTyXaroIIUe KOJeOaHusI
q(t) = goexp(—Pt) cos(w t + o),
C YacTOTOH ® = \/ 1/LC — (R/2L)?, ycnousiv meprogom T°=2n/o u ammatyzoi A(t) =

dg , .
22— = 0.

Qo exp(—t).
Jloeapugpmuueckuii Oexpemenm 3aTyXaHUs
At) .
0=In——"—=BT".
Alt+T)

Hobpomnocms kowmypa nipu cnaboM 3atyxanuu (wo >> f3):

Q= w/2B=+ L/IR’C >>1.

[Tpu 0)3 <B%? mpomcxomuT anepuoduueckas papaoka KOHIEHCATOPA:
q(t) = Crexp(rat) + Caexp(Rat),
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rae dz= — (R/I2L)(1+ /1— (AL/R*C)).

YpaBHeHHE BBIHY:KIEHHBIX KoJe0aHuii B KOHType, coaepskamieM wuctounuk DJIC g(t) =
€0 COS Qt:

d? d
? + 280 + @2q = feosOt, f=z/l.
dt dt
3apsa, HanpsDKEHHE HAa KOHAEHCATOpe M TOK B KOHTYpE :
q(t) = qocos (Qt-8); U(t) =Umcos (Qt=8); 1(t) = — Insin (Qt-3);

G = e/ Q JR* +[QL —1/(QC)T’ ; tg6= R/[QL -1/(QC)],
rie In=qoQ, Un= q/C.

Jo

|o“

R1<R2< R3

L

0 Qo Q 0 @0 0
Puc 3 41 Puc.3.42

Pe3onanc - sBieHME PE3KOr0 BO3pACTAHUS AMIUTATYABl BBIHYKJIEHHBIX KOJICOAHUN TpU
npUOIMKEHUN 4acTOThl ()  BHEIIHEr0o BO3ACMCTBHS K XapaKTepHOW Ui CHUCTEMBI pe3o-
HaHCHOM YactoTre. Pe3oHaHCHas YacTtoTa Ui aMIUTUTYIbl KosneOanwmii 3apsaa (puc.3.41) Qp=

(1/LC)\/1-2/Q, s ammmryasl Toka- Qp= 1/ LC (puc.3.42).

JuddepeHunanbHOEe ypaBHEHHE 3JIEKTPOMATHUTHOM BOJIHBI:

) - o'H
> V2H = esopupo o

VZE = €00

YpaBHEHHSI OIUCHIBAIOT PACIPOCTPAHEHUE BO3MYIIECHUS DSJIEKTPUUECKON W MarHUTHOM co-
CTaBJISIIOIIECH AJEKTPOMArHUTHOTO MO B HEUTPaJIbHOM OJHOPOAHOM HEMPOBOMSIIEH Cpene
(p=0,0=0) co cKOpOCTHIO
v =1/ /eg 1L, .
YpaBHeHUs] MJIOCKHX JIEKTPOMATHUTHBIX BOJIH PACIPOCTPAHSIOMIUXCS IO OCH X'

0’E 1 0°E  9°H 1 0°H

2 2 2 2 2 2
Ox v° ot ox° v° Ot
BekTopsl E u H B3aumuo NEPICHIUKYISAPHBl W JIeKaT B IJIOCKOCTH, MEPHEHAUKYISIPHON
HAIPABJICHUIO PACIPOCTPAHCHUS BOJIHBI, ONPEICIAEMOM
'y
Y
E

H k
Puc.3.43 Puc.3.44
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BOJIHOBBIM BEKTOPOM k. BekTopsr K, Eu H 00pa3yioT NPaBOBHHTOBYIO CHCTEMY TIJI€
E(X,t):jEy'l'kEz; H(X,t):ij+kHz,

Hy= — \Jeg, I(uny) B2 5 Ha = \Jeg, [(up,) Ey.

Iliiockue rapmMoHnyeckne (MOHOXPOMATHYECKHE) BOJIHBI
Ey = E,cos (ot — kx + ¢);
H; =H,cos (ot — kx + o),
rne Eo, Ho - aMIIIMTYyAbl HAIPSYKEHHOCTEN AJIEKTPUYECKOTO U MAarHUTHOIO IOJEH, ® - KPY-

roeas yactota BoOiHbl, K=| K |= o/ v BoaHOBOE unCIIO,
¢ -HauvanbHas ¢aza konebanwmii (puc.3.44).
[10THOCTH YHEPTUH JTEKTPOMATHUTHOTO TOJISI:
w = (ssoE 2 + ppoH 2) /2.
ILIOTHOCTH MOTOKA HEPrUH JIEKTPOMATHMUTHOrO MOJSA (BEKTOD
[ToitHTHHTA):
S=[EH]
Bektop S HampasiieH 10 HANPaBJIEHUIO PACIPOCTPAHEHHs BOJHBI, 3a/JaBAEMbIM BOJHOBBIM

extopom K = g5 S . Moxyns Bektopa S -
S=wv=EH
paBeH JHEPruM, MEPEHOCHMOI BOIHOM uYepe3 eIMHUYHYIO IUIOMAAKY B €IMHHUILY BPEMEHH.
HMIyJIbC 3JIeKTPOMATHUTHOM BOJIHBI ¢ Heprueid W pasen  p = W/c u HanpasiieH B CTO-
POHY PacHpOCTPAHEHHs BOIHBI.

4. BoaiHoBasi M KBaHTOBasi ONTHKA

Onrtuka — pa3zfgen (U3UMKU, B KOTOPOM paccMaTpUBAaIOTCS CBOWCTBA M IpHUpOJa CBETa,
a TaKXke €ero B3aMMOJEWCTBHUE C BEUIECTBOM. B 3aBHCHUMOCTH OT Kpyra M3y4aeMbIX SIBICHUI
OITUKY JIENIAT Ha ceomempuyeckyio (JIy4eBYIO), 6OHOBYIO U KEAHMOBYIO.

[Ipocreiimue onTuueckue siBieHus (00pa3oBaHUE TEHEH, MOydeHnEe N300paXKEHHH B OIl-
THYECKUX NMPpHOOpax) U3y4yaroTcs B TEOMETPUUECKON ONITHKE.

B BOJIHOBOM ONTHKE Ha OCHOBE JJIEKTPOMAarHUTHOW TEOPUU  PaACIpPOCTPAHEHHE CBETa
paccMaTpUBAaEeTCsl Kak BOJHOBOW Ipolecc. B KBaHTOBOH ONTHKE PacCMOTPEHHE ONTHYECKUX
SBJICHUN OCHOBAHO Ha MOHATHM (POTOHA — KBAHTA DHEPTUM H3IIyUEHUS.

4.1. Unrepdepenuus u nudpaxkuus ceera

HHTGHCHBHOCTBI/I&H}/‘ICHI/IS{ — 9TO CpC€AHCC IIO0O BPEMCHHU 3HAYCHHUC INNIOTHOCTH ITIOTOKaA
t+At

~ 1
S:1=<S> = — | S(t")dt',
OHEPIruun At‘{ ( )

S=[EH]

HNuTepdepenuusi —srocnoxeHne kojeOaHuil (WM  BOJH), B pe3yiabTaTe KOTOPOTO
Ha0J01aeMasi MHTEHCUBHOCTh CYMMAapHOTO KoJjieOaHus (BOJHBI) HE paBHA CyMME HHTEHCHUB-
HOCTEW CKJIaJbIBAEMbBIX KOJIeOaHHH (BOJH).

VHTEeHCHBHOCTD W3IMYYCHHS IBYX HWCTOYHHKOB TapMOHHYECKHXBOIH PACCUATHIBACTCS
o popmye:
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=11 +12+2,/1,1, coss

rae O (pa3HOCTh (ha3 BOJH) pacCUYUTHIBACTCS IO opMyIie 0= Q1—2

Onruyeckas aiauHa myTu (L)-3TonpousBeeHue reoMeTpUIecKoi aaunbl myTH | cBe-

TOBOM BOJIHBI Ha NIOKA3aTeNb MPEIOMIICHHUS Cpeabl N:
L=nl,

OnTnyeckasi pa3HoCTh X042 (A)— 3TO pa3HOCTh ONTHYECKHX JUIMH ITYTEH CBETOBBIX
BOJIH, UIMEIOIINX O0IMEe HAYAIbHYIO U KOHEUHYIO TOYKU. Ee MOXKHO onpeaenuTs U3 COOTHOIIIEe-
HUS

A=nzlz —nily
PazHocth (a3 (5) rapMOHHYECKUX BOJH PACCUUTHIBACTCS MO GOpMyIie:
d = (2n/ho)A,

rze Ao — JUIMHA BOJHBI B BaKyyMe.

YcioBusi uHTepepeHIIHOHHBIX MAKCMMYMOB OIPE/IEISETCS COOTHOIICHUEM

A= 4tmio, & =x2mm (Mm=0,1,2,...),
a ycJ10BHSI HHTEP(epeHIInOHHBIX MUHUMYMOB - COOTHOIIICHHEM
A=1£(M+ %o, d=x2n(m+%) (m=0,12,...).

OnpiT FOHra— 510 ONBIT IO HAOMIOCHNUIO MHTEP(HEPEHIINU CBETa HA OCHOBAaHHH METO]Ia
JIEJICHUs BOJIHOBOTO ()pOHTA, T.€. MOJTYYCHHUsS] KOTEPEHTHBIX ITYYKOB pa3JelieHHeM U Toce-
JYIOILIMM CBEJEHUEM CBETOBBIX JIy4el, UCXOASIINX U3 OJHOTO UCTOUHUKA (puc.4.1).

KoopauHaTbl MAKCHMYMOB HHTEHCUBHOCTH OTIPEAETSAIOTCS 10 (hopmyrie
Xmax = #mAL/d (m=0,1,2,...).

KoopanHatbl MUHHMYMOB HHTEHCHBHOCTHOTIPENEISIOTCS 10 (hopmyIie

Xmin =% (2m+1)AL/ d(m =0,1,2,...).

A S | B
s 1___ b . |
AT Ty

Sy

rme A= /N - JIMHA BOJHBI B CpelE.

Illnpuna MHTEPPEPEHUHOHHDBIX H{IOL [~ OTO PACCTOS eK; MaKCH-

MyMmamu (WM MUHUMyMamHu). Ee MokHO paccuuTath 1o ¢popmyie:
B=xL/d.

KorepeHTHOCTH (COTTacCOBaHHOCTH) - 3TO CIHOCOOHOCTh KOJeOaHWW WM BOJH K MH-
tepdepeHnmu. Hamuume WM OTCYTCTBHE KOTEPEHTHOCTH 3aBHCHUT OT XapaKTEPUCTHUK KOJe-
OaHMii (WM BOJTH) M OT YCIIOBUN HMX HAOIIOJCHMUSI.

BpemeHnHasi KOrepeHTHOCTBb - 3TO KOTEPEHTHOCTh KoJiebaHMi (BOJIH), 00yCIIOBIEHHAS
CTETEHBI0 UX MOHOXPOMAaTUYHOCTH M BpeMeHeM wu3MepeHus. MHrepdepenuns Habmonaercs,
€CII BpeMsi HaOIIoJIeHUs yJnoBjieTBopsieT ycioBuio At<<1/Am, rae Ao - mupuHa oOIIEH
YacTH YacTOT BOJH, OOPa3yIOUIMX CYIEPIIO3HUIIIO.

BpeMsi KOrepeHTHOCTM - 3TOMAaKCUMAJbHBIM MPOMEXKYTOK BPEMEHH Tk, NPH YCpea-
HEHHH TI0 KOTOpPOMY elle HaOmomaercss wHTepdepeHnus. Bpemst KorepeHTHOCTH MOXHO pac-
cuuTath 1o Gopmysne:
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T~ 1/ Ao.

JIBe BOJHBI KOT€pEHTHBI IPU YCIOBUU Al<<Ty M HEKOT'€pEHTHBI IPU YCIOBUU At>>T ,
rae At - Bpemst ycpennenus (HaOmroaeHus). s cBeTa, WCIYIICHHOTO HENa3epHBIMU HCTOY-
HUKAMH, KOTE€PEHTHOCTh CYIIECTBYET B TEUEHHE MPOMEXKYTKOB BpeMeHH At<t,< 10-8c.

JIIMHA KOTePeHTHOCTH - 9TO Pa3HOCTh X0/a |« = ¢ Ty, COOTBETCTBYIOIAS BPEMCHU
KorepeHTHocTH. [l HaOmoneHWs WHTEPPEPEHIIMOHHONW KapTUHBI Pa3HOCTh XOAa HE
JOJKHA TMPEBBIIIATH UIMHY KOTEPEHTHOCTH HCIOJIB3YEMOTO U3JIy4YEHUS.

IIpocTpaHcTBeHHAasi KOTePeHTHOCTh CBSi3aHA C HEOMNPEIECICHHOCTHIO HaIPaBICHUS

BOJIHOBOI'O BekTOpa K , 00YyCIIOBICHHON OrpaHHYEHHOCTHIO TMOMEPEYHBIX Pa3MEPOB BOJIHBI H
KOHEYHBIX Pa3MEPOB HMCTOYHUKOB H3Jy4deHHUs. VICTOYHMKH, pa3Mephl U B3aUMHOE PacIojioxKe-
HUE KOTOPBIX TMO3BOJIAIOT HAOMIOAATh HWHTEPPEPEHIMIO, HA3BIBAIOTCA IMPOCTPAHCTBEHHO-
KOTEPEHTHBIMHU.

Paanyc KOrepeHTHOCTH — 3TO MAaKCHMAJIbHOE PACCTOSIHUE, MMOTIEPEUHOE HAMPABJICHUIO
pacnpoCTpaHeHUsT BOJIHBI, HA KOTOPOM BO3MOKHO MposiBiicHHE HHTephepeHunu. Paguyc kore-
PEHTHOCTH MOYKHO PAacCUUTaTh 10 (hopMmyIie:

lor = A/ @,re @ - YIJIOBOW pa3Mep UCTOYHHUKA.

IInockoii rapmonnyeckoit Bomue (AK =0, Aw = 0 ) cCOOTBETCTBYeT GECKOHEUHOE 3Ha-
YeHHE paJuyca MPOCTPAHCTBEHHON KOTEPEHTHOCTH U OECKOHEYHO OOJIBIIOE BpeMs KOTepeHT-
HocTH. [Inmockas rapMoHW4YecKas BOJHA SBISIETCS KOTEPEHTHOW Kak BO BPEMEHH, TaK U B
MIPOCTPAHCTBE.

bunpuzma ®peneas (puc.4.2) npeacraBisieT ABE IMPU3MbI, COETUHEHHbIE OCHOBAHU-
aMu U (QopMHpYeT OBa MHUMBIX HCTOYHMKA. MHTepdepeHlInOHHas KapTHHa HaOJroaaeTcs
B 00JIACTH TEPEKPHITHS ITyYKOB CBETA.

3

Puc.4.2 Puc.4.3
3epkano Jlnoiina (puc.4.3) ¢dopmupyer MHHMOE H300pakeHME S HCTOYHMKA S,
INYYKHd OT KOTOPBIX HHTEPPEPUPYIOT.
HNuTepdepenuusi B TOHKHX MUJIeHKaX — 3T0 (GopMupoBaHue uHTEpHEPEHITMNOHHON
KapTHUHBI B pe3ysbTaTe HHTEP(HEPEHIIUHN CBETA, OTPAXKEHHOI'O JIByMsI NMOBEPXHOCTSMH IJICHKH.
Ontuueckas PAa3HOCTL XO0Ja, BO3HHUKAIOLIAA MCKIAY
JIBYMsl UHTEp(EpUPYIOLUTUMHU JTyyaMH OT TOYKU A 710 miioc-
koctu CD (puc.4.4.), onpenensiercst COOTHOIIEHUEM:

0‘/ A= 2d+/n*=sin*o £A/2.

D
/ Venosus makcumymaMosKHO ONPeaesuThb mo Gopmyre: A =
A - - mA (m=0,1,2...), a ycrosuss munumyma - o popmyine: A
n i C = (m+ %)L (M=0,1,2...).
B d
B
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ITosiochl paBHOM TOMIIMHBI - 3TOMHTEP(EPEHLMOHHBIE MOJOCH], HalI0AaeMble TIpU
OCBEILIEHUU TOHKHX IUIEHOK (CJI0EB) IEPEMEHHOMN TOJIIMHBI TyYKaMHU

N4

d 0

Puc.4.5

Puc.4.6

napajiCJIbHbIX queﬁ, COOTBCTCTBYHOIIMEC OJWHAKOBBIM 3HAYCHHUAM ONTHYECKOU TOJIIIUHBI

(puc.4.5).

IMosiocbl PaBHOTO HAKJIOHA - STOMHTEP(EPEHIIMOHHBIC MOJIOCHI, BO3HHUKAIONIUE TIPU
NaJICHUU CBETa Ha IIJIOCKONApAIUIEIbHYIO IUIACTHHKY (puc.4.6). s Bcex, mydel, majaromux B
HEKOTOPYIO TOUKY I10/1 OJJHUM M TE€M K€ YIJIOM O pa3HOCTh X0Ja oJuHaKoBa. OTpa)KeHHBIE TTy-
YM TIPH 3TOM IapajulebHbl, W MHTepPEpEeHIIMOHHAs KapTuHa HaOIromaeTcst Ha SKpaHe B ¢o-

KaJIbHOM MJI0CKOCTUCOOUPAIOIIIEH JIMH3BI.

Koabua HpoTOHA — 3TOKOJIBLEBBIE I10JIO-
Chbl pPaBHOW TONIIWHBI, HAOIIOJaeMble B BO3AYIII-
HOM 3a30p€ MEXJIY BBITYKJIOW C(heprIecKod Io-
BEPXHOCTBHIO JIMH3bI U IUIOCKOW TOBEPXHOCTHIO
(puc. 4.7).

Paouyc m-2o memnozo xonvya Hviomona B
oTtpakeHHOM cBeTe(puc. 4.7) (W CBETIOro B MPO-
XOJISALIEM) OIPEIENIAETCS COOTHOLICHUEM:

rm=+vMRA (m=0,1,2...).

Paouyc m-z0 ceemnoco xonvya Hvtomonas oTpa-
J)KEHHOM CBETE(WJIM TEMHOTO B MPOXOJISIIEM)
OIPEAEIIAETCS COOTHOLIEHUEM:

rm=+/(M+1/2)RA (m=0,1,2..).

Yuciio BUAMMBIX Koutel ( JUIs UCTOYHHKA CO CIEK-
TpaJbHBIM HHTEpBAIOM AL = A1—A2) MOXHO pac-
cuuTath o Gopmyse:

m = 7ch /A?L,

rae Acp = (A1 + A2)/2.

IIpocBerienne ontuku — 370 dPdext
YMCHBIICHUSOTPAXKCHUSI HAa TpAHUIE pasjena
CTEKJIO-BO3JyX ITyTEeM HaHECEHUs Ha MOBEPXHOCTh
CTeKJa TOHKOH TIUICHKM C TOKa3aTeleM Ipe-
JOMIICHHS N>Nep. [pu TOMmmue tutenku d =A/4n
OTpa)keHUe

T~

RII, E
3 n
| o—— :
| i | n_|
Puc.4.7
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MUHMMAJIBHO U  OTCYTCTBYET IPH YCIOBUU Nem

n \/@ . MHorosy4yeBasi nuTepdepeHu P

SIBOBHUKAET MpPU HAIOKEHUU MHOTHX KOre-

PEHTHBIX BOJIHIIONIYYa€MbIX JEICHUEM UC-

XOJIHOTO BOJIHOBOT'O TOJII IPU MHOTOKpAaT-

HOM OTPaX€HUU Ha NEPHUOJUYECKUX CTPYK-

Typax.

Ha ocHoBe MHOrOnyueBod  WHTEpPHEPEHIIMU CO3aHbI NiNz N1 N2 N1 N2 Nc
MHOT'OCJIOHHBICBBICOKOOTPKAIOIINE TUIICKTPHUECKHUE I10- o

KPBITHS, COCTOSIIIME M3 YETBEPTHBOIHOBBIX (Nd = A/4) cio-

€B C YEpEaYIOUIMMUCS BBICOKMM W HHU3KHM IOKa3aTeJIsIMU

npenomienus (puc.4.9). Ilpu N1 >N BOJIHBI, OTpa)KEHHBIE

OT BCEX TPaHMI] CIIOEB, CPa3upPOBAHBI, U OTPAKCHHE YBE-

nnuuBaercsa. Takum o0pazoM modydaercs AUdJIeKTpHUue- o

CKO€ 3€pKaJl0 C BBICOKHM KOA(h(UIIMEHTOM OTpaxeHus ( > A AL A %L
90%) B 3aaHHOM CIIEKTpaJlbHOM jauanaszone.Eciu onru- 4444 14

YECKYIO TOJIILUHY UEHTPaJIbHOIO CJI0S B JAHHOM CTPYKTY- Puc.4.9
pe cuenatb KpatHOW MA/ 2, To mony4yaercss uHTEpdEepeH-

LUOHHBIN CBETO(MUIBTP C BHICOKMUM KOA(PHUIMEHTOM IpO-

IIyCKaHUs B Y3KOM JUaa3oHe.

JudpakuuaBoiH — 3TO COBOKYIHOCTb SIBJICHUH, HAOIIOAAEMBIX IPH pPacHpOCTpaHe-
HUHM BOJIH B CpE/ie C PE3KO BBIPAKECHHBIMH HEOJHOPOAHOCTSIMH, Pa3Mepbl KOTOPBIX CPABHUMBI
¢ ;uiHoM BonHbl. Ilon audpaxiueid cBeta B y3KOM CMbICIIE NOHHMMAOT OrvuOaHHUe JTydaMu
IpaHUI] HENPO3PaYHBIX TEJl.

Cornacio mpuninuna I'oiireHca: xascoas mouxa 601H06020 (hpoHma 6 HeKOMOpbulll
MOMEHM BpEeMEHU ABNACMC YEHMPOM BMOPUUHBIX ITIEMEHMAPHBIX 60JIH, 02UOAIOWASL KOMOPbIX
oaem noaodicenue 8011068020 ponma 6 creoyrowuu momernm(puc. 4.10).Ipunuun I'roiirenca
OOBSICHSIET TEepeMEIICHHE BOJTHOBOTO ()pOHTA B CBOOOJHOM MPOCTPAHCTBE, OTPAKEHUE U TIPe-
JIOMJIEHUE Ha TPaHMLIaX Cpejl, IPOHUKHOBEHHE CBETa B 00JIACTh NT€OMETPUYECKOM TEHHU.

[To npunuuny I'oiirenca — @peHensi:kaxcovlil 21eMeHm 80IHO8020 PPOHMA AGNAEMC  UC-
MOYHUKOM BMOPUUHBIX KO2EPEHMHBIX GONIH, C8EMOBAsL 8OJIHA 6HEIMOUNOBEPXHOCU — Pe3Yilb-
mam uHmepgepenyuu emopuuHvlx 6oaun.Ilpm pacuere mons HCTOYHMKOB 1,2,3 B mpous-
BOJIBHOW TOYKEe P WX 3aMEHSIOTCHCTEMOW BTOPHYHBIX HCTOYHHUKOB - y4acTKOB S moBepxHO-
ctu S, oxBarbiBaronied ucToyHUKH (puc.4.10). Ammauryna dE koneGanuii, BO30YyKIaeMbIX B
touke P yuactkom dS, mpomnopiiroHanbHa OTHOMICHHUIO IUIOMaau S K paccTOSHHIO I' OT Hero
JI0 JTaHHOW TOYKH W 3aBUCHT OT yria [3 MeXay BHEIIHEH HOpPMalbl0o K TIOBEPXHOCTH U
HarpaBJIeHHeM K Touke P. AMIIMTY 1y Koine6aHMHMOKHO pacCUuTaTh 1o GpopmyIie:

dE = f(B)(ao / r) cos( ot—kr+ ¢o ) dS.
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M-pAt-eckoe obecneuenve oucyuniunvl h—=——

<

NN
$JZ$¢

t t+At
Puc.4.10 Puc.4.11

PesynpTupyroiee mojie B TOYKe P HaXOAWTCS HHTETPUPOBAHUEM ITO OTKPHITOH YacTH IOBEPX-
HOCTH S:

E®P)= [dE.

Metoa 30n ®@peHelisi — 3TOYNPOIIEHHBIA COCOO pacuera AUPPAKIIMOHHON KapTUHBI,
OCHOBAHHBIM Ha Pa30MEHHH MOBEPXHOCTH S HA 00JIACTH OJMHAKOBOM IJIOMIA I, H3TyJaroIue B
npotuBodasze (30ub1 Openens).

IIpu pacuerenona touyeyHoro ucrounuka O B Touke P (puc.4.12) BcromorarenbpHas 1o-
BEepXHOCTh S (chepa ¢ uentpom B Touke O paamycaR) pa3OuBaercs Ha KoNblieBble 001acTH,
paccTosiHUE OT KpaeB KOTOPbIX 0 P oTindvaercs Ha A/2.

Pagnyc u nmomanbs M-it 3061 OpEHENIA pacCuMTRIRAINT 11N

dbopmynam:
mbRA _ mab\
"Va+b ' T a+b’ 0

rrea = OM, b = MP. Pesynbrupytomee none E(P
CYMMHPOBaHHEM:

E=E1—E;+ Es—Es ..=[ E1 + (1) ™1 Eq] /2.

Puc.4.12

[IpH MOTHOCTBIO OTKPBITOM BOJHOBOM (poHTe Em=0,u E = E1/2.

Judpaxkuus @penensi—sronudpakuns chepuueckux BOJIH.

Judpaxuus PdpenesiHa KpyrioM OTBEpPCTUM HAOIIOAAETCs HA 3KpaHe O, mapajuienb-
HOM IIJIOCKOCTH OTBEPCTHS UM HAXOJAILIErocss OT HEro Ha paccTosiHUN x =
b(prc.4.12).OcBeleHHOCTh TOYKH P 3aBUCHT OT YMClia COOTBETCTBYIOIIUX €l OTKPBITHIX 30H
@®peHensi, KOTOpOe Ompeiensercss paauycoM OTBepcTus I. VHTEeHCHBHOCTH MaKcHMallbHa
OpU mCHEYETHBIMH M W MMUHHMMAalbHA NpUImC YeTHbIMH M. Octwsanuu | criakuBaroTcs ¢
poctom M u npu (M>>1) I=li/ 4(puc.4.13).
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Orir2 rsrg rsrrn

[lpu gurcuposannom 3nauenuu paouycaomeepcmus
YHUCIO OTKPBITHIX 30H YMEHBIIACTCS C YBEIUYCHUEM
paccTosiHUSL X OT dKpaHa JI0 TeX IOp, MOKa He OCTa-
HeTcsl OAHAOTKpbITas 30Ha dpenens (puc.4.14). Ilpu Ip4
M = |MHTEHCUBHOCTHB TOYKEe P mocturaer Makcu-
MyMa M MOHOTOHHO yMeHbImaercs nmpu M< 1. B
9TOH O0OJNIacTH 3HAYEHWH X B Mpenenax OTBEPCTHUS [
IOMEI[AeTCsl LEHTpalbHas 4acTh IepBoi 30HBI Dpe- |, :
Henst. B aTom cirywae HaOmomaercs nqudpakmnus Opa- |
yHrodepa. . -
Cinyuait m> 1 ( m~ 10) coOTBETCTBYeT M-
bpakunn Dpenens. [Ipu  m>> 1audpakuroHHbBIE Puc.4.14
3 QEeKThl HE3HAUYUTENbHBI, M TNPUMEHUMBI 3aKOHBI
TreOMETPHUYUCCKOM ONITUKU

Judpaxkuua Ppaynrodepa(unu nudpaxiusBIapaIebHbIXITyYKaX), COOTBETCTBYET
cllyyaro, KOrja Touka HaONIONEHUs HaxoJATCsS AaJeKO OT NPensTCTBUSA,BbI3BABILErO M-
bpakmmo  (X>>X¢= r?/ ). JudpakupoHHy0 KapTHHY HaOmOAaIoT B (HOKATBHON MIOCKOCTH
coOuparoIien JTUH3BI.

\ 4

/\/\
2 A0 a2 s
P a a a a

Puc.4.15 Puc.4.16
IIpu pacyerax mpenmnosiaraeTcs, YTO Ha MPEMATCTBUE MalaeT NapajuIeIbHBIM IIY4OK JIydeH, a
nudpakius Habmomaercs “B 6eckoneunoctu’” (puc.4.15). Ilomoxxenne Touku P onmpenensercs B
JTAHHOM CJIy4ae TOJIbKO yTioM Audpakiuu 0.
JAu¢ppakuus @paynropepa Ha mead. PacrnpeneneHue HWHTEHCUBHOCTH CBETa 10
HAIpPaBJIEHUSIM PaCCUUTHIBAIOT IO popmyie:
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sin[(arc/A)sin 0]
\ (an/A)sin® )

rae |, - nHTeHCHBHOCTD B HampaBIeHHH Najaomero ceera (6 =0) (pHc.I4. 16).

YcaoBueM n1nppakumOHHBIX MUHUMYM
asing =mx, n
YciaoBueM n1nppakuuOHHBIX MAKCHMYM
asinf~(m+"2)A,

3HaYeHUs] UHTEHCUBHOCTEH TJIABHOTO U
0,0175:0,0042: 0,0016 ....

JAuppakunonHasi pelrerka — 3T0 Ipoc:
pUOJI KOTOPOM COU3BMEPUM C JUIMHOM BOJHBL. [  __ AAN
PUOAMYECKYI0 MOAYJISIUIO TaJar0NIei BOJIHBI Ao .0 s vk sin6
Ka MpeacTaBisieT coboi cuctemy N paBHOOTCTOALMX IIEEl C MIMPUHON KaKIou —HIenu a
HA HENpO3PauHOM d a @ da

REREREN

Puc.4.18

sKpaHe. PaccTossHue MEXIy COCETHMMH MieassMA ( Ha3bIBAIOT MEPHOAOM perieTku (puc.4.17).
Pacnipenenenne MHTEHCMBHOCTH CBETa MO HAIpaBJICHUSM PAaCCUMTHIBAIOT MO popMyIie:

. . 2 . . 2
sinf(arn/A)sin 0] ) ( sin[(Ndx/A)sin 0]
0 . . . :
(ar/A)sin 6 sin[(dr/A)sin 0]
YciaoBue riIaBHBIX MaKCI/IMyMOBI[J'ISI I[I/I(l)paKHHOHHOﬁ PCHICTKH UMECT BU:
dsin0=miA, m=0, 1, £2, ...
B stux HaITpaBJICHUAX UHTCHCUBHOCTL B N2 MPEBOCXOANUT UHTCHCUBHOCTBBOJIHBI OT O/1-
HOH IIETH.
YciaoBueriaBHBIX MI/lHI/IMyMOBOHpeI[eJ'ISIeTCSI COOTHOIIICHUEM .
asind=mi, m=41,+2, ...
YciaoBue MAaKCUMYMOB IIpU MaJACHUH HA PCHICTKY IO YIJIOM BOOHpeI[eJ'ISIeTCSI COOTHO-
HHICHUCM..

d( sin6—sinBg) = mA.
YrioBas qucnepeusi TUPPaKIMOHHOW PELIETKH MOXKET ObITh paccunTaHa 1o ¢popMmyIe:
00 m
D=—=——.
Oh dcoso
Paspemaroumas cnoco0HOCTh TMPPAKIUMOHHON PelIeTKH — 3TO BEIUYNHA, XapaKTepHu-

3yIOI[asi CIOCOOHOCTH PEIIETKH /1aBaTh pa3AelbHbIC N300paKEHUS IBYX CIIEKTPATbHBIX JMHHM C
OJM3KUMH JIJTHHAMHU BOJIH, MOXKET OBITH OTmpeiesieHa mo gopmyiie:
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R=MAL= mN
Judpakuus HA NPOCTPAHCTBEHHBIX pemeTkax. Judpakuus BosH HabmIOMaCTCS
TaKKe W B cpellaXx ¢ HEOJAHOPOJHOCTSMH, IEPUOJUYCCKH MOBTOPSIONIMMHUCA B JIBYX WU
TPEX HANpPAaBICHUSX C TEPHUOJOM, COM3MEPUMBIM C JJIMHOW BOJIHEL. B KadecTBe Tpexmep-
HBIX JU(QPAKIMOHHBIX PEIIETOK MOTYT PAacCMaTpUBAThCS KpUCTAIUIBL. [leproabl KpucTayuim-
yecknx pemerok (~1071%) mnosBomsroT HabmomaTh AUGPAKIHIO PEHTTEHOBCKHX JIydel,

AJInHa BOJIHBI KOTOPBIX UMECT TOT KC INOPAHOOK.
B,
Puc.4.19 @ ‘

Ycaosue Byiasga-bparros- 3to ycinosue r[o;IBJIeH1/151H}Pﬁ@QB%HuHOHHHXMaKCHMyMOB
PEHTIE€HOBCKHX JIy4eil Ha KpUCTAJUIAX:

2dsin6 = ma,
rae d - paccTosHHE MEXIy aTOMHBIMU CJIOSIMH, 6 - YroJl MEXIy HalpaBICHHEM MaJaroluX
Jydyeld W aTOMHOM IJIOCKOCTBIO (Yrodi ckojibxkeHus (puc.4.19)).

MeTamaTepHAIbI -3TO MaTepHaIbl C MCKYCCTBEHHO CO3JAaHHOW IEPUOIMYECKON MHUK-
pocTpykTypoil. Pa3mepsl copepkamMxcsi B HHX HEOJHOPOAHOCTEH CIeUalbHOW (op-
Mbl(puc.4.20) npeBbIIAIOT MEPUOA PEUIeTKH OObIYHOrO KpucTaimia. Ha Takux CTpyKTypax
BO3MOXHA JUGPaKIHs DIEKTPOMArHUTHOTO W3Iy4eHuss B ontmueckom u MK-mmanmazonax.
[Tpu B3aUMONEHCTBUM C 3JIEKTPOMArHUTHBIM M3JIy4YEHHEM OHHU IPOSBISIIOT CBOICTBA, HEXapak-
TEpHBIEC AIT00BEKTOB MPUPOJAHOTO MPOUCXOKICHUA. B 4acTHOCTH, MeTamarepuaibl MOTYT 00-
JaaTh OTPULIATENILHOW TUAJIEKTPUYECKOH M MArHUTHOW MPOHHUIIAEMOCTBIO, OTPHUIATEIbHBIM
nokazareseM MpeIoMIICHUSI.

@OoTOHHBbIE KPHUCTAJIBI -3TOPA3HOBUIAHOCTh METAMaTEPUANIOB,B KOTOPHIX MOKa3aTesb
NPEOMJICHUS] TIEPUOIMUECKUU3MEHSIETCS B 00HOM, 08YX WIH mpex usMepenusix (puc.4.21).
[Tpocreiimme (onHOMEpHBIE) (OTOHHBIE

KPUCTAJUIBI COCTOST W3  YEpPEAYIOIIHUXCS
CIO€B JBYX MAWDIIEKTPUKOB C pa3iIUYHbI-
/'Z‘ MUIIOKa3aTeJsIMA  npeniomyieHuss. K Hum
OTHOCATCSIM ~ OOBIYHBIE IITPUXOBBIE AU-
dpakumoHHble penieTkd. B TpexmepHoM

Puc. 4.21

(OTOHHOM KpHUCTalje COOTBETCTBUU C ycioBueM Bynbda-bparra ycimoBue makcumyma WH-
TepdepeHInn 11 TaHHOM JJIMHBI BOJHBI MOXET OKa3aThCsl HEBBINOJHUMBIM HH JUIS OJIHO-
o U3 HampaBJIEHUH B MPOCTPAHCTBE, UTO PAaBHOCHJIBLHO BO3HMKHOBEHMIO CTOSUMX BOJH. Ta-
KUM 00pa3oM, B TpeXMepHOM (OTOHHOM KPHUCTAUIE CYILECTBYIOT JUANa30Hbl 4aCTOT, B KO-
TOPBIX PACIHPOCTPAHEHHE CBETAHEBO3MOXKHO.

CBoiicTBa ()OTOHHBIX CYIIECTBEHHO 3aBUCAT Kak OT BHEHIHUX (PaKTOPOB (IJIEKTpHUe-
CKHM€ U MarHUTHBIE MOJIf, TEIIOBOE, MEXaHUYECKOE BO3JIEHCTBUE U T.1.), TaK M OT MPOIIECCOB,
CBSI3aHHBIX C PACIIPOCTPAHEHUEM H3IyYEHHS B HUX.

4.2. ITonsspusanusicBeTa


http://nature.web.ru/db/search.html?not_mid=1168874&words=%E4%E8%F4%F0%E0%EA%F6%E8%EE%ED%ED%FB%E5%20%F0%E5%F8%E5%F2%EA%E8
http://nature.web.ru/db/search.html?not_mid=1168874&words=%E4%E8%F4%F0%E0%EA%F6%E8%EE%ED%ED%FB%E5%20%F0%E5%F8%E5%F2%EA%E8
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IHonsipu3anusa - 3TOCBOMCTBO CBETA, CBA3AHHOE C IONEPEYHOCTHIOAIEKTPOMATHUTHBIX
BOJIH U OIIACBHIBAIOLICE HEIKBUBAJIICHTHOCTb PAa3JIMYHbIX HAIPABICHUI B IUIOCKOCTH, IIEpIICH-
JUKYJIIpHOU cBeToBOMY Jyuy. COCTOSIHME MOJIIPU3ALMU CBS3bIBAIOT C TUIIOM JIBUYKEHUS BEK-

topa E . Vsnyuenue naspiBaror nonsipusoBanHbIM, eciii Konebanus Bektopa E mpoumcxonsar no
OIIPENICIICHHOMY 3aKOHY.

—

DIIUNTHYECKH IIOJIﬂpl/I3OBaHHLII7[ CBE€T — 3TO CBET, B KOTOPOM KoJieOaHus BCKTOpa E
MMPOUCXOIAT TaK, YTO €TI0 KOHCIL[ OIMCBHIBACT 3JUIMIIC B IIJIOCKOCTH, HCpHCHIIHK}UISIpHOfI CBECTO-

BOoMYy Jiyay (puc.4.22), a TIpH PaclpOCTPAHCHHH BOJIHBI OIMCBHIBACT DJUTMIITHYCCKYIO CITHPAIb
(puc.4.23).
HupkyJasspHONOJASPU30BAHHBIN (TIOJIIPU30BAHHBIN 110 KPYT'y) CBET — 3TO CBET, B KOTO-

poMm KoJIeOaHUs BCKTOpa E IMPOUCXOJAT TaAK, UTO €0 KOHCL OIIMCBhIBACT OKPYKHOCTD. ILnocko

WIMJIMHEIHO OJISPU30BAHHBIN CBET — 7TO CBET, B KOTOPOM Konebanus Bektopa E mpoucxo-
AT B (DUKCUPOBAHHOM IIJIOCKOCTH, COJAEpIKaIieit
A

zZ
/

2Eo;

/ y

2E0y

Puc.4.22 Puc.4.23

Bektopel E u K (puc.4.24, 4.25). Tlnockocts, B KOoTOpoil jexar Bektrop E u Bexrop K,
Ha3BIBAIOT TIOCKOCTBIO MOJISAPH3ALIHMN.

!

z
A

Puc.4.24

HenoJasipu3oBaHHbIii (ecTeCTBEeHHBII) CBET — 3TO CBET, B KOTOPOM KOJI€OAHUSI BEKTOpA

—

E npoucxomar GecnopsamouHo Bo BceX HampaBlIeHUSX B IUIOCKOCTH, MEPHEHIMKYISAPHOM
CBETOBOMY Jy4y. Yacmuuno TONSAPU30BAHHBIA CBET — 3TO CYNEPIO3UIUS MOJISIPU30BAHHON U
HEMOJISIPU30BAaHHON KOMIIOHEHT.

Paccunrath cTeneHb MoJsipu3alMMMOKHO 110 (hopMmyIIe:
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— noju
p= e,

r7ie lyor - MHTEHCUBHOCTD MOJIAPU30BAHHONW KOMIIOHEHTHI U3JIy4€HUs, |-1101Hass HHTEHCUBHOCTb.
Ioasipu3aTop — 3TOONTHYECKOE YCTPOWCTBO, (hopMHUpYIOIIee CBET C OIpeleeHHON

opueHTanueil Bektopa E. AHammsaTtop — 5To ycTpoiicTBO, MO3BOJNSIOIIEE ONpPEIEIUTh Xa-
pakTep TOJSpPU3alMU H3IYYCHUs. B KadecTBe aHAIM3aTOPaMOKET OBITh HQIIONB30BAH IMOJIS-
pu3atop. )

MaremaTuueckas 3aIUCh 3aK0HAa
MaJtrocaumMmeeT BUI.

| = locos?o,

rIe I — WHTECHCUBHOCTD /
IUIOCKOIOJIAPU30BAHHOTO  CBETA, IPOIIC/IICTO
yepe3  aHammzarop;l0  — ~ HHTEHCHUBHOCTH
IJIOCKOIOJIIPU30BAaHHOIO CBETA, IaJaloIIEro Ha \
aHAIM3ATOP; (— YIrOl MEXIY IJIOCKOCTBIO L~
MOJIAPU3AIMK  CBeTa u IJIOCKOCTBIO Puc.4.26
MpoIycKkanusi a"ayiuzatopa (puc. 4.26).

Ecnu Ha aHanmm3atop majaeT eCTECTBEHHBIM CBET ¢ MHTEHCUBHOCTBIO lecm, TO TIpH 1000
OpHEHTAINH aHAJIN3aTOpa MPOIISAIINN CBET JIMHEHHOMOISIPU30BaH B TJIOCKOCTH IPOITYCKAHUS
aHajau3aropa ¢ UHTeHCUBHOCTBIO | = 0,5lccm .

4.3. BzaumoaeiicTBue CBeTa ¢ BeIeCTBOM

Jucnepcusi cBeTa - STOCOBOKYITHOCTb SIBJICHHM, 00YCIOBIECHHBIX 3aBUCHMOCTBIO ITOKa-

3aTels MpeJOMJIEHHS N OTYACTOTHIM(YACTOTHAs JUCIEPCUs) M BoIHOBOro Bektopa K (mpo-
CTpaHCTBEHHas aucrepcusi). B onTuueckoM Juamna3oHe B OCHOBHOM HPOSBISAIOTCS A(P(EKThI
yacToTHOW mucnepcuu. Ilpocreiimmii mpumep — pasiiokeHue Oelnoro cBeTa B CIEKTP C MOMO-
HIbIO TPU3MBI.

IToxa3aTenbnpesiOMIeHHs CBeTa— dTOBEJIIMYNHA, pPaBHAas OTHOIIEHHUIO CKOPOCTH CBETA
B BaKyyMe K CKOPOCTH CBeTa B cpejzie N= C /v.

HopmanbHas amcnepcusixapakTepHu3yeTcsyBeIMUEeHUENIOKa3aTeNls MpeloMIeHUsT N ¢
POCTOM 4acTOThI ® (YMEHbILIEHUE N C POCTOM JJIMHBI BOJIHBI A), T.€.

dn dn

—>0 mwm —<0.
do
B stom cniyuae  do/dw< 0, do/dA>0.
AHOMAaJIbHASI AUCIEPCHsI- ITOYMCHBIIIEHUETTOKA3aTelIs MPEIOMIICHHSN ¢ POCTOM YacTo-
Tl ® (YBeTHUYEHHUEN C POCTOM JUTHHBI BOJIHBI A), T.€.

dn dn
—<0wuwm —>0.
do
B stom cniywae  dov/dw>0, dv/dA<O0.
IMornomenue cBera(adbcopOMst CBETA) —ITOSBICHUE TTOTEPU DHEPTUU CBETOBOM BOJI-
HOM, TPOXOJIAIICH Yepe3 BEUIECTBO.
3akon byrepa-Jlam6epra-bapa->To3akon ocnabieHus cBeTa B BemiecTBe. MaTemaTuyde-
CKasl 3aMKCh STOTO 3aKOHA UMEET BH:
I =1lo exp(—ax),
rae |0 — MHTeHCUBHOCTH CBETOBOM BOJTHBI HAa BXOJIC B CPETy, O — ITOKA3aTelb
TIOTJIOIICHHSI.
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3aBHCHMOCTh TOKa3aTesl MPeJOMJICHUS N U KOX(QQHUIMEHTa TOTJOUICHUs K OT Ya-
CTOTHI MpejcTaBieHa Ha puc.4.27. B mpo3pauHbsix cpegax BIadd OT 0O0JACTH MOTJIOHICHUS
crpaBeiuBa Gopmyoa:

n’= 1+

UL rae ;= (Ne’/g,m) - nnasmennas wacto-

ta, N, M — KOHLIEHTpaIKsi U Macca aTOMOB, (o
- COOCTBEHHAs 4YacTOTa aTOMHBIX OCIHIUIATO-
pOB.

B oGmactu moryomeHuss  kKodhUIHEHT
MOTJIOIIEHUSI K M TOKAa3aTellb IMOTJIOMICHUS
o = 20NK/CIOCTUrat0T MaKCUMYyMa.

) o)
Puc.4.27

Paccesinne cBeTa — 3TO pa3dpoc HANpaBICHUWH BOJHOBBIX BEKTOPOB IIPH PacIpoCcTpa-
HEHUU CBETa B BEILECTBE NPH COXPAHEHUH IOJHOW SHEPrWU BOJIHBL [Ipw 3TOM mpoHCXOIUT
ocnalieHre MOTOKA YHEPTUU B TIEPBOHAYAILHOM HarpaBlieHHH. [IpudnHa paccessHus - pa3Ho-
rO poJa YacTUIbl, Je(EeKThl CTPYKTYPHI, (QIYKTyallud IUIOTHOCTH, KoJIeOaHHs KpHCTaJuInde-
CKOM PEIIETKH.

PaccesHHOe M3iydeHHE YaCTHYHO WM IOJHOCTBIO TIOJSPH30BaHO. VIHTEHCHBHOCTH
PACCEsHHOTO U3/TyYeHHs B OOIACTH YacTOT O<<mo MPOMOPLMOHANBHA M7, T.e.lpecc~m* (3aKoH
Panes).IIpu BICOKMX YacTOTax(®>>®o JUHTEHCUBHOCTh PACCESHHOTO U3IYYCHUSI OM 4aCmOombl
He 3a8UCUM.

OrpaikeHue U MpeJiOMJIEHHE CBeTA HA TPAHULE TNJIEKTPUKOB.

3axon ompasicenus céema’ NAAAOUIMA U OTPAKEHHBIN JIydn JIeXaT B OJHOMIIIOCKOCTH
C HOPMAJIBIO K TPaHMIIE pa3/ieia B TOUYKE MaJeHUsS (IUIOCKOCTUMAIEHHs), Yol MaJeHUs] PaBeH
YIIIy OTPaXKEHUS:OL = O .

3akon npenomnenus ceema. MANAIOIUN U TPETOMIICH- |
HBI JIy4d JIeXaT B IUIOCKOCTH IaJIeHHs, OTHOLIEHUE CHHYcCa |
yIiia MajeHus K CUHYCY YIila TpPEeIOMIICHHUS, pPaBHO OTHOCH- |

|
|
|
|

TEJILHOMY TIOKa3aTesi0 MPeIOMIICHUS, T.C. sino/ sinf = nay o | o
=ny / ny, Ny

rje N1, Nz - moka3arenau npeaomiieHus cpen (puc.4.28).

IMostHOe oTpakeHHe- 3TO SABJICHHE, MPH KOTOPOM Ma- Ny l3=
JAOMINI JIyd HE MPETIOMIISIETCS, & TOJHOCTHIO oTpaaetcs, !
pUYeM HHTEHCHBHOCTH OTPA)XEHHOTO M TAIafoIIero JIyuei |
OJIMHAKOBHEL. !

Puc.4.28

IpenenbHbI Yro— 3TOYroJ MajeHUss CBeTa HAa TPAaHUIly pa3jena JABYX Cpel, Orpejie-
JSIEMBIF COOTHOIMIECHHEMO = arcsin(nz/ Ni)u mpu N2<Ni, COOTBETCTBYIOUIMH YTy MpeIoMe-
P = 90°.

[lpu o>0p MPETOMIICHHOH BOJIHBI HET, MOKa3aTesb MPEIOMIICHHS U BOJHOBOW BEKTOP
-KOMIUTIEKCHBIE BEeIMYMHBI. BO BTOpPO# cpesie BOJIHA PaclpOCTPAHSETCS MapajiebHO TPaHUIE
paznena ¢ ammutyaoi A(z) ~ exp(—«z). Bennunna 1/x~l xapaktepusyer riyOMHY HpPOHHUK-
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HOBEHHs BOJIHBI BO BTOPYIO cpedy (B onTuueckoM guanasone I~ 10~ m ). [IpumepaMuucrions-
30BaHus d(P(PeKTa IMONHOTO BHYTPEHHETO OTPAXKEHUSSBISIOTCS MPHU3MBI IOJIHOTO OTPaKEHUS
(puc.4.29) 1 CBETOBOJBI - CTEKJISHHBIE BOJIOKHA (puc.4.30), MO KOTOPBIM CBET pacHpoCTpaHs-
€TCsl Ha 3HAYUTEJIbHbIE PACCTOSIHUS 0€3 3aMETHOTO 3aTyXaHHs.

Y

Y

A

T @~ |

Puc.4.29 Puc.4.30
Kosdpunuent orpaxkenus (R) paccuutsiaetes o hopmysie:-

_ _ 2 2
R= I,/1,= E?/EZ,
rae li,lo MHTEHCHBHOCTH OTpa)XEHHOM M IMaJ1a0IIel BOJIH.
Benuunna R paznuyna B ciydasix, KOrja BEKTOp E nexwur B mnockoctn nanenus (El|) n

xoryia Bektop E mepnenmukynsapen mmockoctu nagenus(E1) (puc.4.31, 4.32):

(9@ L _(sine-p)Y

tg(a+B) ) sin(a. + )
I1pu HopmanbHOM nazennu yda (o = B = 0)RI=Ri=Ro = [(Nn, —N,)/(n, + n,) %

R A
- | 101 |
|
| . | .
a !l a op |
| A
' 05 I
|
t Ey :/ t Ej i .
oF1 : of | :
i L |
0 o5 2 o
Puc.4.31 Puc.4.32 Puc.4.33

Jlnst crekna B Bo3ayxe (N1 =1,n=15) Ro = 0,04.
Yroa bprocrepa — 3T0 yroj najaeHusi, ONpeeseMblil yCIOBHEM:
tgos = N21=n2 / Ny

[Ipu maneHuu HEMOJSPU30BAHHOIO CBETa MOJ yrioM bprocrepa oTpa)keHHasi BOJIHA JIH-
HEWHO TMOJISIpU30BaHA B IUIOCKOCTH TMAJICHUs, NPETOMIICHHAsT — YacTUYHO MOJSPU30BaHA
(puc.4.33). Ilpu magenuun moja yriaom bproctepa cBeTa, MOMSIPU30BAHHOTO B TJIOCKOCTH Taje-
HUsI, OTpakeHHas BoiHa otcyTcTByeT (R/[=0).

JIBoiiHOe JydenpeoMJIeHHe— STOSIBJICHUE Pa3JBOCHHS CBETOBOrOJyda IPU MPOXOK-
JEHUM Yepe3 aHU3O0TPOMHbIN Kpuctamil. OJuH M3 HUX NOJUYMHSETCS 3aKOHY MPEIOMIICHHUS U
Ha3bIBACTCSIOOBIKHOBCHHBIM J1y4oM(0), a IPYroil He MOAYUHSIECTCS M HA3bIBACTCIHEOOBIKHOBCH-
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HBIH(€). DTH JIy9H MOJHOCTHIO MOJIIPU30BAHBI BO B3aUMHO IMEPICHANKYIISPHBIX HAIPaBICHUIX
(puc. 4.34).

o Wcnanackwuii mmar (No , Ne)

|
N I / \

n2

Ol

-

_’
1 >
0 e Kananckuii 6ans3zam (No>N>Ne)

OnTHypeiofiggbi0  KPHCTAJLIA HA3bIBACTCSA HANPIBHSHMESB AaHU30TPOIIHOM KPUCTAILIE,
0 KOTOPOMY JIyd CBETa PacHpOCTPaHsETCs, HEe UCIIBIThIBAS JBOMHOTO JdydenpenomieHus. Kpu-
CTaJIJIbl B 3aBUCUMOCTU OT UX CUMMETPHUU OBIBAIOT OJHOOCHBIC U JBYOCHBIC, T.€. HUMEIOT OJHY
Wi 1Be onTtudeckue ocu. OOBIKHOBEHHBIE JYyYd PpaCIpOCTPAHAIOTCS B KPHUCTAIJIE 110 BCEM
HAIMPAaBJICHUAM CO CKOPOCTBIO Uo= C /No,HEOOBIKHOBEHHBIE - CO CKOPOCTBIO Ue= C /Ne, 3aBHCS-

el OT yriaa MexIy BeKTopoM E u omrumyeckoi ockro. [lis iyda BIOJIb ONTHYECKON OCH No =
Ne.

IMoasipu3anmoHHbIe TPHU3MbI — 3TO NMPU3MBI, UCIIOJIB3YEMbIC JUUIS TIOMYYCHUS TOJSPH-
30BaHHOT'O CBETA HA OCHOBE SIBJICHHUS JIBOMHOTO JIyYCTIPEIIOMIICHHS.

Ipuzma Hukoas — nonsipusanunonHas npusma (puc.4.35), cocTosmasus AByX KpUCTaII-
noB ucnanjackoro mrmara (CaCOs, N, = 1,65, no = 1,48), CKICCHHBIX CIIOEM KaHAJCKOro Oalb-
3ama (N= 1,55). Yrabl cKkIeHKH mogo0paHbl TaK, YTO OOBIKHOBEHHBIN JTyY MCIBITHIBAET MOJTHOE
BHYTPCHHEE OTPa)XCHUE M IOTJIONIACTCS HIKHEUIPaHblO, 2 HEOOBIKHOBCHHBIN Ty BBIXOIHT U3
KpuCTaJIa. ECTeCTBEHHBIN CBET MPEeBpaIacTCs B MIOCKOMOJISIPU30BAHHBIA C YMEHBIICHUEM WH-
TEHCUBHOCTH BJIBOE.

Iousipouabl— TJICHKU U3 BEIIECTB, 0ONAAAOMINX PA3TUYHBIM IOTJIONIEHUEM CBETa B

3aBHCHMOCTH OT OpPUEHTAIlMU BekTopa E , mpeobpasyionue ecTecTBeHHBINH CBET B ILIOCKOMO-
JIIPU30BAHHBIN.

HckyccTBeHHAsi aHW30TPONMS BO3HHKACT  IOJ JCHCTBHEM CXaTusi (PacTsHKEHHS)
ANIEKTPUYECKOTO WJIM MAarHUTHOTO TOJis. BoBcex ciydyasx BEIIECTBO NMPHOOpETaeT CBOWCTBA
OJTHOOCHOTO KpHCTAIIJIa, ONITUYECKass OCh KOTOPOTO COBIQJAET C HalpaBJeHHEM JaedopMallim-
AIIEKTPUYECKOTO WIIM MAarHUTHOTO TOJIsl. Mepoif, BO3HMKAIOIIEH MpU 3TOM ONTHYECKOH aHM30-
TPONHH, CIYKHT PA3HOCTh IOKa3aTeNiell MperoMiIeHUs OOBIKHOBEHHOTO W HEOOBIKHOBEHHOTO
JTydeiiB HaNpaBJICHUH, TIEPIICHIUKYIIPHOM ONITUYECKON OCH:

No —Ne =Kkio ( B cnyuae nedopmanun);
No —Ne = k2E? ( B cTydae SMeKTPUIECKOTO TION);
No —Ne = ksH? ( B cllydae MarHUTHOTO TIONS),
rie Ki, ko,ks- mocTostHHBIE, 3aBHCSIIIMEOT CBOMCTB BEIIECTBA, G— HOPMAJIbHOE HampsokeHue, F,
H — HanpsDKEHHOCTHRJIEKTPUYECKOTO ¥ MAarHUTHOTO MOJIEH.

BemecrtBa, cocoOHBIE Bpamarh IUIOCKOCTh TOJSIPU3AIMHA  PAaCIPOCTPAHSIONIETOCS B
HUX W3JIyYeHHs, HA3bIBAIOT ONTHYECKH aKTHBHBIMU. K HMM OTHOCSTCS KBapll, caxap, CKHITU-
Jlap, BOJHBIN pacTBOp caxapa.

¥YT10J1 NOBOPOTA MJIOCKOCTH MOJISIPH3AMHH MOXHO PACCUUTATH 110 YPAaBHEHUSM
0J151 ONMUYECKU AKMUBHBIX KPUCATIO8 U YUCTIBIX HCUOKOCMEN.

¢ = ad,
0J1s1 ONMUYECKU AKMUBHBIX PACMBOPOS.

¢ = [o] Cd,
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rae d — JuIMHa ITyTH, IPOMICHHOIO CBETOM B ONTHYECKH akTHBHOM Bemecte,a ([a]) - yaens-
Hoe BpamieHne; C — MaccoBast KOHIIEHTPAIKs ONTHYECKHA aKTHBHOTO BEIIECTBA B PACTBOPE.

4.4. KBanToBasi npupoJa u3JIy4eHust

TenJioBoe u3JIydeHHe — STOIEKTPOMATHUTHOE HM3JIyueHHE, MCITyCKaeMOE BEIIECTBOM,
BO3HHUKAIOIIIEE 32 CUET €ero BHYTPEHHEH SHEPruM — €AMHCTBEHHBIN BUJ U3ITy4EHUS, KOTOPOE MO-
JKET HaXOJIUTHCS B PABHOBECHH C M3ITYYAIOIINMHU TEIAMHU.

JIlroMuHecHeHUMs — 3TO BHUJIbI U3JIyUYEHUsI CBETa, BO30YyKJ1aeMble 3a cUeT JIIo00ro BUaa
SHEPTuu, Kpome TerioBoro. [lo Buay BO30YXKIEHUS pazauyaioT (OTOIIOMUHECHECHIUIO (BO3-
Oy>KJIEeHHE CBETOM), AJICKTPOJIOMHUHECIICHUITNIO (BO30YKIICHHE AJICKTPUUCCKUM II0JIEM), XEMH-
JTIOMUHUCIEHINIO (BO30Y)KIEHHUE B XMMHYECKOW PEaKIMH), PaIHOTIOMUHUCIICHIINIO (BO30YXK-
JEHUE paJualuen).

CnekTpajbHas NJIOTHOCTH JHEPreTHYECKO CBEeTHMOCTH (CIEKTpajbHasl IUIOT-
HOCTb U3JIy4aTeJbHOCTH, MCIYCKATe/bHAsl CHOCOOHOCTD) ONPEIE/IACTCS YPABHEHHEM:

dw,
M=y

rac dW - OHEprus, u3jiydacMasa B €IWHUIY BPEMCHHU C CAMHHUIBI IIJIOIIaAXW ITIOBEPXHOCTU
usn

Tesa B MHTepBaje yactoT (v, v +dv). B mikane mqiuH BoH GopMyia MpUHUMAET BHI:

Moo= W gy €
AT T - vl A2 "
dn A
3HepFeTI/I‘IECKaﬂ CBETUMOCTH Teﬂa(l/l?oﬂy‘laTeJIbHOCTb, IMOJIHasA I/ICHyCKaTeJIbHaH
CIMOCOOHOCTH TeJIa) ONPEIEISIETC YPABHEHUEM:

M, = [ M dv=[ M,z
0 0

T.€. 3TO MOTOK HEPTHH (JIFOOBIX YaCTOT), UCITyCKAaeMbIil €IMHUIIEH MOBEPXHOCTU M3Ty4aroIlero
TCJIa B CIMHUIY BDEMCHHBO BCCX HAIIPABJICHUAX.
CrexkTpanbHblii  K03((unHeHT noryiomeHus (MOrJiomAaTeJ bLHasi CIOCOGHOCTH Te-
JIa)—3TOOTHOLLEHUE MOIJIOIEHHOT0 MOTOKA JIyYUCTOW SHEPTUn deMK nanaroemydW:
A= Wi
vT '
aw
AOCOJIIOTHO YepHOe TeJI0 —TeJI0,CIIOCOOHOE MOJIHOCTHIOMOTIOIATh
najaroniee Ha Hero uznydeHue. KoadduumeHT normiomeHns abcoloTHO YEPHOIO Tella paBeH
eIMHUIIE )1 BCEX 4acTOT U Temrepatyp (puc.4.36,1).

AV,T 1 ELT 3
1,0
2
0,5 3
0

<wv

Puc.4.36 Puc.4.37 Puc.4.38
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Mogenbio aOCOIOTHO YEPHOTO Tela MOJKET CIY)KHUTh 3aMKHYTasl MOJIOCTh, B CTEHKE
KOTOpOi nMeetcsi Mmasioe orBepctre (puc.4.37).Cepoe Tesio — 3TO Teno, KOAPPUIIUEHT IOTIIO0-
HICHUST KOTOPOTO MEHbIIE CAMHHUIIBI, OJMHAKOB U BCEX YACTOTH 3aBUCUT OT TEMIIEPATYpHI,

cocrosinus noepxHoct Tena, T.e. (AS;) = A, < 1(puc.4.38, 2). Cuexrp nornouienus pe-

aJbHBIX TeJ MoKa3aH Ha puc.4.38, kpuas 3.

3akon Kupxroga:oTHouIeHNE CHEKTPAIbHOM IUIOTHOCTH 3HEPIETUYECKOM CBETUMOCTU
U K03(ppULIMeHTa MOIJIOIIEHUST HE 3aBUCUT OT NPHUPOJIbI TE U SIBJISAETCS YHUBEPCAIBHON (QYyHK-
1[Mel 4acTOThI (JUIMHBI BOJIHBI) U TEMIIEPATYPBI, T.€.

M
AVT :f(VT) ZSVT'
vl
Jlist abComoTHO YepHoro Teina Avr= 1, mostomy yuusepcanvras (ynxyus Kuxeogpa &vr ecmo
cnekmpanvHas njionHOCmMb 3H€p2€muueCK01Z ceemumocmu 4eproco meid. HpI/I 9TOM E&vT —
ent A%/c.
3HepreTH'{eCKaﬂ CBEeTHMOCTh 2A0COJIIOTHO YEPHOro Tejaa onpeacisaeTcsa COOTHOLIC-

HUCM:
€ = I e dv= I g, dA
0 0

3akon Credana — BoabuMaHa — 3TO 3aKOH, ONPEACISIONINN 3aBUCHMOCTD MEXTY
9HEPreTUYECKO CBETUMOCTBIO YEPHOTO Tella M €ro Temreparypoil. Ero maremaruyeckast 3amnuch
UMEET BUI:
er =oT*4
rne o =5,67 -10°8 Br/M?K* - mocrostHHas Credana-bonbrmana.

3akoH cmemenusiBuHa onpeienseT mojaoKeHUEMaKCUMyMa B PacIpe/IelICHUU SHEPTUN
B CIIEKTpPE U3JIyueHHUs: aOCOMIOTHO YepHOro (puc.4.46):

T?\‘max = b,

rae T — abGcomoTHas TeMIneparypa Tea, Amax — JJIMHA BOJHBI, HA KOTOPYIO MPUXOJUTCS MakK-

CHMyM H3JTydeHHs abcoNtoTHO uepHoro Tena, b = 2,9-10° m-KnocTosnuas Buna.
®opmyaa [InaHka ONUCHIBAETCIEKTPAIbHYIO IUIOTHOCTh SHEPreTUUECKOW CBETUMOCTH
YEpPHOTO TeJa CIEAYIOIIM BBIPaKCHUEM:

2nvh 1
vT C?_ ehv/kT _ 1

rae k =1,38 10 ¢ I/K - mocrosunas bomsimmana, h= 6,626 -10 =3* JIx ¢ — mocrosHHas
ITnanka, ¢ — CKOpOCTb CBETa.

@opmyna IlnaHka ¢ BBICOKOM TOYHOCTBIO COIJIACYETCsl C OKCIEPUMEHTAIBHBIMU
JAHHBIMU 10 PACIIPEAEICHUIO SHEPTUU B CIIEKTPE YEPHOT'O TEJIa BO BCEM HWHTEPBAJIE YaCTOT U
temneparyp. U3 ¢opmyinsl [Inanka crieayroT 3akoHbI U3JIydeHHUs aOCOJIFOTHO YEPHOTO TeJa.

®opmyaa Pajes — skunca— sTodopmyna ANSCHEKTPAIbHON IUIOTHOCTH SHEpreTHye-
CKOM CBETHMMOCTH YEPHOTO Teja,IpuMeHNMa B 00JaCTH MallbIX 4YacTOT U BBICOKHUX TEMIIEpa-
Typ (mpu ycnoBun hv<<kT ):

€

evr= 2nvekT / ¢?
®0TOH-3TO>IEMEHTAPHAS YaCTHIA,KBAHT JJIEKTPOMATHUTHOro Tons. Macca mokos do-
TOHA PaBHA HYJIIO, U €I'0 CKOPOCTh PaBHA CKOPOCTH CBETA.
JHepruio (JOTOHAMOKHO OTIPENETHTE Mo GopMyJIe:
E=hv,
a ero HMIYJIbC 110 GopMyIIe:

p =hk,
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rne i=h/2m =1,054-10 3 JIx c, K - BonmoBO¥ BEeKTOp. Moysib uMmITysibca (hOTOHA Ompe-
nensercs mo Gopmyne p =h /A =hv/c = Elc.

Buemmnum ¢otodpdexkTomM HazbIBacTCS MPOIECC MCITYCKAHUS JIEKTPOHOB BEIIECTBOM
MOJ1 IEUCTBUEM DJIEKTPOMArHUTHOTO u3nydeHus(puc.4.39).

-

/

@00 B O ¢
e@@@@

IH2

IHI

—Uo 0 U
Puc.4.39 Puc.4.40 Puc.4.40

3akonbl BHeliHero ¢orodddexra: 1) Benuunna ¢hoToToka nmponopruoHanbHa HHTEH-
CMBHOCTH TAaJAIONIET0 M3MydeHus; 2) Jas KaKaoro BemIecTBa CYIIECTBYET JAJIMHHOBOJIHOBAS
(kpacHas) rpanuia Gorodddekraio, 32 KoTopoi (mpu A>Ag) doTtodddekr He HabmOHaeTCS; 3)
MakcuManbHas KHHETHYECKAst YHEPTUs  (DOTOIICKTPOHOBIMHEHHOBO3PACTAET C YaCTOTON V IMa-
JIAFOILIETO CBETAa U HE 3aBUCUT OT €r0 HHTEHCUBHOCTH.

BoabsT-amnepHas xapakrepuctuka (BAX) ¢orTodddexra— 3103aBUCHMOCTE (HOTOTO-
ka |, 06pazyemMoro nmoTokoM 3JIeKTPOHOB, OT HamnpsbkeHusaU (puc.4.40).

Cpoctom U Tok Bo3pacTaeT U JocTUraeT HachleHus (puc.4.49), CBI3aHHOTO C TEM, YTO
BCE N3JIEKTPOHOB, BBUICTAIOIIMNX C KAaTO/AA B €IUHULY BPEMEHH, JOCTUTalOT aHoAd. TOK Hachl-
HICHUSI MOXKHO paccuuTath 1mo Gopmyie: luac = en.

ITpu U = 0 poToTOK OT/IIMYEH OT HYJs, TaK KaK UMEIOTCS DJIEKTPOHBI, 00IaatoIe 10-
CTaTOYHBIMU CKOPOCTSIMHU JJIsI JOCTHXKCHUS aHoJza 0e3 MOMOIIM YCKOpsroIiero mois. J{is mpe-
KpalleHUs TOKa HEOOXOIMMO MPWIOXKHTH 3ajepkuBaroiiee HampstkeHue Up. MakcumanbHas
CKOPOCTh (POTOANEKTPOHOB Um cBsizaHa ¢ Ug COOTHOIIEHHEM:

mo’ /2= elp .

YpaBHeHnue JiiHIITeiHAAI BHEIIHEro GpoTodddexra (3aKOHCOXpaHEHHsI SJHEPTUH TPU
B3aMMO/ICHICTBUM KBAHTOB CBETA C METAJIaMH ) UMEET BUJ:

hv=A+mv’/2.

rae hv=E — sHeprus oToHa, majaroniero Ha moBEpXHOCTh MeTailia; A— paboTa BBIXO/A DJICK-
TPOHA U3METAJUIA;Vy— MAKCUMAJIbHAsI CKOPOCTh (DOTODIIEKTPOHA.

MuHuManbHasi dYacToTa W3Y4YeHUs,BbI3bIBAOMIETO (HOoTOod(PdeKT (KpacHas TpaHHIIA),
paBHa vo = A/h. CooTBeTCTBYyIOIIass MaKCHMallbHas JIMHA BOJHBI Ag = hC/ A. Y mIenouHsix Me-
TaJJIOB KpacHas TpaHUIla JIOKUT B BUJIMMOM JHana3oHe, Yy OOJBIIMHCTBA METAJIOB - B YIIb-
TpapuoaeToBOM 00s1acTH.

Mmuorodoronnbiii  porodpdekT BO3MONKEHIPHU OONBIIONH HWHTEHCUBHOCTH CBETa
(HampuMep, MpU UCIIOIH30BAHUH JIA3EPHBIXITYYKOB). B 3THX yCIOBUSAX JIEKTPOH, HCITYCKAEMBIH

METAJIJIOM, MOXET OJJHOBPEMEHHO MOJIyYUTh SHEPTHUIO0 OT HECKOIBKUX (DOTOHOB U MOXKET BHINTU
W3 BEIIECTBA MOJ JICWCTBUEM CBETA C YACTOTOM, MEHBIIEH KPAaCHOW TpaHUIBI.

dddext KomnroHna cBs3aH CU3MEHEHHUEM JIMHBI BOJIHBI U3JTyUYEHHUS MIPU PACCEIHUM Ha
CBOOOTHBIX (C1a00 CBA3aHHBIX ) AIEKTPOHAX:

Ar= A-A= Ac(1-cos0),
rae Ac = 2h/mc= 2,4626 1M - KOMIITOHOBCKAas JJINHA BOJIHBEL.

l \
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CornacHo KBaHTOBBIM MpeacTaBieHusIM 3P ekt Komnrona — 3To pe3ynbraT ynpyrux
CTOJIKHOBEHUN PEHTIeHOBCKUX (OTOHOB €O CBOOOJHBIMH 3J€KTpoHamu. B cuimy manmoctu Ac
Takoi 3(QQexT HAOIIAACTCS TOIBKO B OMBITAX C PEHTTEHOBCKUM U Y-U3ITyUYECHUEM.

JlaByieHHe cBeTa MOXKHO pacCMaTpUBAaTh Kak pe3yabTaT Mepelayd HUMITyjlbca (POTOHOB

OTpaKarolleMy WIH TOrJomalemMy Teny. Beanuuna

CBETOBOT'O JIaBJICHUS ONPEAEISAETCS COOTHOIIICHUEM:

p = W(1+ R)cos?p,

rae W - o0beMHas TUIOTHOCTh SHEPTUU U3NydeHHs, R - k03pPumueHT otpaxxeHus, ¢ - yroi
MaJCHUS U3JTy4CHUSI.

5.2/ieMeHTBI aTOMHOI U SIAePHOI (PU3MKH
5.1. DjieMeHTbl KBAHTOBOI MeXaHUKH

KBanToBasi MexaHMKa - 3TOTEOPHsI, YCTAHABIMBAIOMIAS CIIOCOO OMHCAHUS M 3aKOHBI
JBYDKEHUS MHMKPOOOBEKTOB (3JIEKTPOHOB B aTOMax, aTOMOB B MOJIEKYyJIaX, HYKJIOHOB B sIpax U
T.11.). 3aKOHBI KBAHTOBOW MEXaHUKH 00pa3ylOT OCHOBY HAyK O CTPOCHHMM M CBOMCTBax Bellle-
CTBa.

KopnyckyaispHO-BOTHOBOH Ayaju3M — STOYHHUBEPCAJIbHOE CBOWCTBO IPUPOABI, 3a-
KJIIOYaroleecs B TOM, 4TO Jr000ii MUKPOOOBEKT CIOCOOEH B 3aBUCHUMOCTH OT YCJIOBUH MPOSIB-
JATh B TOM WM MHOM Mepe KOPIYCKYJSpHBbIE WIIU BOJHOBbIE cBOWcTBA. COIJIacHO THUIIOTE3€
JI. ne bpoiins ¢ 100bIM MUKPOOOBEKTOM CBSI3aHbl KOPIYCKYJISIPHBIE XapaKTEepUCTHKH (IHEp-
rus E,umiysbe p), ¥ BOJHOBBIC XapaKTEpUCTHUKU (YacToTa ®, JUTMHA BOJHBI A) . Kopmycky-
JSIpHBIE M BOJIHOBBIE XapaKTEPUCTUKU MUKPOOOBEKTOB CBSI3aHbI COOTHOILIECHUSMHU

E=ho, p=hk.
B omblTax Mo paccestHHIO 3J€KTPOHOB Ha MOHOKpucTamuiax ([esuccon, xepmep, puc.
5.1) nudpakunonHas KapThHa (OpMHUpOBaAJIaCh B OTPAKEHHOM IIy4KE JJIEKTPOHOB, IIpU
paccesHMM Ha MOJMMKpHCTaMYeckux rmiactTuHax (TomcoH, puc. 5.2) - B mpoxomsmeM. [lu-
(GpaKMOHHbIE MaKCUMYMBI

|

1,774

1,674

=
2

KlA

L 3

8B S4B 648

Puc.5.1 Puc.5.2
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cooTBeTcTBOBaNIM (Qopmyine Bynbba-bparroB ansg AmuHbBl BOJHBI, BBIYUCIEHHON MO Gopmyrie

A =h/p=h//2qmU .

KBanroBanue. ®usnueckue BETUYUHBI (FHEPIHs, UMITYJILC, MOMEHT HUMITYJIbCa), OTHO-
cslIMecs K CHCTEME, B OMNPEICJICHHBIX YCIOBUAX MOTYT HMETh TOJIbKO TUCKpPETHBIE (KBAHTO-
BaHHbIC) 3HaueHUA. [Ipu U3MEHEHUN COCTOSHUS CHUCTEMbl (KBAHTOBOM MEPEXOE) MPOUCXOIUT
CKayK0OOpa3HOE€ M3MEHEHUE ATHUX BEIUYMH.

KBanroBanue sHepruu aromaycranoBieHo B onbiTe®@panka u ['epua, uccienoBaBIIMX
3aBHUCUMOCTH ToKa | oT yckopstomiero norenuuana Umexnay katogom K u cerkoii Ci1 B TpyO-
Ke, 3aloJIHeHHOW Tapamu prytH (puc.5.3). Bosbrammnepnas xapakrtepuctukal(U) wumeer psia
MakcuMymoB (puc.5.4).Ilpu U< 4,9 B CcTOIKHOBEHHS AJIEKTPOHOB C aTOMaMH PTYTH HOCAT
YIPYTHI XapakTep, AJIEKTPOHBI IMPEOI0JIEBAIOT 00JaCTh TOPMOZSIIETO MOJS 3 W MOIMAAAloT
Ha aHOJ.

I[Ipu U>U; = 4,9 B coynapeHus 3JI€KTpOHOB C aTOMaMu

K
CTaHOBATCS HEYNPYTUM, U 3JCKTPOH, O0TAaB SHepruto eUr T I
— 9
|
1
Ci

aToOMy PTYTH, HE MOXXET MpeojosieTh 00JacTe 3, UTO
00ycCJIOBIIMBaeT yMEHbIIEHHE Toka. [lpu  manpHeiem
yBenuueHunUpacTeTr ~ 4MCIO 3JEKTPOHOB, HMEIOIUX
SHEPrul0 JUIsl MIPEOJOoIeHHUs 00acTu 3, 4TO BEIET K po-
CTY TOKa.

C2

Puc.5.3

I[Ipu U= 2U1pneKTpOH MOXKET JBaXKIbl HUCIBITATh He-
VIIPYTHE CTOJKHOBEHHUS C aTOMaMH, TOK CHOBa YMCHbIIIA- ! f
ercs v 1.1. Hamuume cnamoB Ha kpuBoii | (U) mpu 3ma- r |
yeHusx HanpspkeHusU, kpatasix Ug ,- ClieIcTBHE KBaHTO- _ f /
BaHUs SHEPruu aroma. Bo3BpaT B OCHOBHOE COCTOSIHUE a il /
aToMa PTYTH COIMPOBOXKIACTCS HW3IyYCHUEM C JUTHHON 2 A
BonHbl A = hc/ eUy= 253 HM. AHaloru4Hbie 3aKOHOMEp- I .
HOCTH HAOJIOMAFOTCS U TIPU 3aIOTHCHUH JIAMIIBI IPYTUMH “/f =
razamu.

U,B

Puc.5.4
BoanoBasi ¢yHkuus(aMMTy1a BEpOSITHOCTH) — 3TO (YHKIIHS, OMHICHIBAIOIIAS COCTO-
SHUE KBAaHTOBOW CHCTEMBI. Keadpam MoO0YIs 601HOBOU (DYHKYUUONpeOensiem 6epOosmHOCb
Mmoo, umo @Quiuueckue BeIUYUHbI, OMHOCAWUECS K Cucmeme, NPUHUMAIOM — HEKOmopble

onpeoeneHHble 3HAYEHUS.

BeposiTHOCTh 00HApYy>KE€HUsI YacTUIIbI, HAaXOJAIICHCS B COCTOSHUU C BOMHOBOW (DyHK-
uumeit y(F,t) B snemente o6bema dV B okpecTHOCTH TOukH I MOKeT OBbITH OmpeseneHa Mo

YpaBHEHHUIO!
dw(F,t) = [y(F,t)]2dV = gy av,

rae Y’ - (QYHKIMS, KOMIUIEKCHO CONPSKEHHAS C ).
BepostHocTh 0OHapykeHHs YacTULbl B 00beMe V MOYKHO paccuuTaTh 110 yPaBHEHUIO:

_ 2
w) = [ly(F,t)dv.
\
YcaoBueM HOPMUPOBKHU BOJTHOBOH (DYHKITUM SBIISICTCS ypaBHEHHE:
Jlwlav =1

rje uHTerpan Oepercst o o0iacTu, B KOTOPOH Y OTIMYHA OT HYyJS. YCIOBHE O3HAYaeT, 4To
B JIaHHOU 00JIaCTH YacTUIla HAXOIUTCS C JOCTOBEPHOCTHIO.
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BepOﬂTHOCTHOG OIMMCaHNUE COCTOSTHUU BKITFOYAET OIIPEACIICHUC CPECIHUX 3HAYEHHH (l)l/l-
SUYECCKHUX BCJIHYHUH, OTHOCAIIHUXCA K CHCTCMC. CpeOHue 3HA4Y€eHue KOOpduHCZWZle n x-
KOMIIOHCHTBI HUMITYyJIbCa YaCTHUIIbI B COCTOSHHUU \jI(X) MOXHO OIIPEACTIUTE U3 COOTHOIIICHUH:

<x>=[xdw= [xjyPdV; <p,>= —ihj\p*a—wdv.
Oox

Pa30poc BO3MOXKHBIX 3HAUYECHUIN (PU3NYECKOM BETMUYUHBI OTHOCUTEIBHO CPETHETO 3HAUE-
HUS XapaKTepu3yeTcs aucrepcueii. B coctosuum ¢ BonHoBoit dynkimeit y(T) aucnepcuu

3HA4YCHUU KOOpAUHAT M COOTBCTCTBYIOIIIUMX KOMIIOHCHT UMITYJIbCA YIAOBJICTBOPSAIOT COOTHO-
IIEHHIO0, KOTOPOE Ha3hIBAETCACOOTHOLIEHHEM HeonpeaenenHocreii: DiDpi>%% 4. B ympo-
HIEHHOW (hOpME COOTHOLICHNE UMEET BHI:

AXAp,2h, AYyAp,2h, AZAp,2h,

rie AX,A P, . Ay, Apy, AZ,Ap; - HEONmpPeNEeNeHHOCTH KOOPAMHATHI M KOMIIOHEHTHI HMITYJIbCa

yacTulbl. HeompeneneHHOCTh KOOPAMHAT U UMITYJIbCa YaCTHUI[l O3HAYAET OTCYTCTBUE y HeEe
TPACKTOPUH B KJIACCUYECKOM MOHMMAHUHU.

CooTHoOIIEHUs HeoNpeaeJeHHOCTEN VISl JHEPruM U BpeMeHH MOXKHO TPEJICTaBUTh B
BUJIE:

AE At >4,

raeAE - HeonpeneneHHOCTh PHEPruu YacTull, Al - BpeMsi HaXOXKJCHUS YaCTUIIBI B COCTOSIHUU C
sHepruen FE.

CranmoHapHble COCTOSIHUSI — 3TO COCTOSIHUSL C onpeoeneHHbiM 3HAY€HUEM SHEPTUH.

YpaBuenue Illpeaunrepa 1Jjisi cTAIMOHAPHBIX COCTOSIHMI UMEET BUJ:

H ye= Eyg,
rae H - oneparop monuoii sueprun (oneparop I'amuibTona), £ - 3HAYEHHS SHEPTUH, \J£ - BOJI-

HOBBIC ()YHKITUU CHCTEMbI B CTAI[AOHAPHOM COCTOSIHHIH.
Bpemennoe ypaBnenue LllpeamHrepa onuchiBaeT 3BOJTIOLMIO COCTOSHHUS:

. Oy A~
in—=Hy
ot
3ajaya JUHAMMKW KBAHTOBOW CHCTEMBI BKIJIFOYAET:
1) ycraHoBiIeHHE BHJa ONlepaTopa IMOJHON SHEpruu cucrembl H
2) HaxoxaeHue peuieHus ypaBHeHus: lllpeaunrepa ans cTaMOHapHBIX COCTOSIHUM, T.€. BOJHO-
BBIX (YHKUUH W MapaMeTpoB CTAI[MOHAPHBIX COCTOSHHIA;
3) HaxoXxJeHue peleHus: BpeMeHHOro ypaBHeHus lllpenunrepa. I1pu 3ToM HaxoaaT BEpOSITHO-
CTH KBAHTOBBIX IIEPEXOA0B MEXY COCTOSHUSIMH.
Oneparop FaMuIBTOHA AJIs1 YACTHIBLI B NOTeHIHaNbHOM moae U(T,1) moxno pac-

cuuTaTh Mo popmyie:

A

H=-—V*+U.
2m

2
rne V° - omeparop Jlamnaca.

YpaBHenue llIpequnrepa ajisi CTAMOHAPHBIX COCTOAHUH YACTUIbI UMEET BU/I:
2

V() +U W) = B (D).
m

st omHOMEepHOTO JBHKeHusi cBo0oaHoi yactunbl (U = 0) ypaBHenue [lIpenunrepa
MMEET BUL:
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inlv_ M v
ot 2m ox’

Pemmenuem JaHHOI'O YpaBHCHUA ABJIACTCA YPABHCHUC!
v (x,t) = Aexp[—i(kx—Et/h)]

OHO ONHUCHIBAET IMIOCKYI0 MOHOXPOMATHYECKYIO BOJIHY ¢ uyactotoir = E /7,

BOJIHOBBIM YHCJIOM K = 2m E /h u ,Z[J'IPIHOﬁ BOJIHBI }\, = E /kh .

JHepruio cBOOOTHON YaCTHIIBI MOKHO PACCUUTATh MO YPAaBHEHUIO:
E = h?k%/2m = p?/2m,
r7ie p — UMITYJIbC YaCTHUIIbl. 3HaUeHUs £ U p o0pa3yloT HENmpephIBHBINA CIEKTP.
I1710THOCTH BEPOATHOCTH OOHAPY:KEHHUs CBOOOJHON YACTHLBI B JaHHOM TOYKE pac-

CUMTHIBAIOT 1O (opMyle: Y\y* = |4|2, Bce TIONOKEHNS YAaCTUIBI B MPOCTPAHCTBE PABHOBEPOST-
HBI.

JlauHa BoJIHBI e Bpoiist onpeiesercs o ypaBHEHHIO A, = h/ p.
[ToTeHmanpHass SHEPrUs 4YACTHLBLI B OJHOMEPHOM

NPAMOYToJIbHOW TOTEHIHAJIBHOMN siMe ¢ 0eCKOHeY- 0 nmpu -€(0,a),
HO BBICOKHMH cTeHKamu (puc.5.5) ompemensercs no U(X) =  conpu ¢(0,a).
COOTHOIIICHUIO:
VA w4 n=3
n=3
U N
n=2 n=2
U=zwo | U=0 U=
n=1
n=1 /\
a 9 . N
X X
Puc.5.5 Puc.5.6
Ypasnenue Lllpeounzepa ons cmayuonapuvbix coCmMoanull 4acmuybl 8 ame UMeeT BUJ:
h? d?
-2 2 Y By, (xe(0.)),
2m d X

Bonnosvie gpynkyuu wacmuywl 6 ame (puc.5.6) onpeaensroTcs ypaBHEHHEM:

y(x) =+/2/asin (nnx /a), n=1.2,...

3navenus snepeuu yacmuysl MOXKHO PACcCUUTATH 1O popmyie:

242

T h
E,.=——n°, n=12,..
2ma

[ToTennuanpHass dSHEPTUsT TAPMOHUYECKOr0 ocHULIsATOpa (puc.5.7) omnpenensercs

ypaBHCHHEM:

U(x) = kx?/2
Vpasnenue Illpeouncepa ons capmMonuiecko20 OCYuLIsImopa AMEET BHI:
h* d® kx’®
- LA vy =FEy.

2m d x? 2
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Ui LY
\ l v A v A
Es
n=0 n=1
E2
| |
| |
E1 : | , ., : N\,
Eo J' : —do Ao X —ag ao X
—do o X n=2
~ a0 a X hi\Jkm
an=
Puc.5.7 Puc.5.8

3Hepeemuuea<uﬁ CneKmp OCYUINImopa.

En=ho(n+%), o=, k/m, n=0,12,...

Duepeuto ocnosnozo cocmosnus (Hynesvlx Kolebdanuil) paCCUUTHIBAIOT 1O popmyie: Eo
=h ol2.

IIpaBuia oréopa - 3T0 yCIOBUs, YCTAHABIMBAIOIINUE JOIMYCTUMBIE KBAHTOBBIEC TIEPEXO-
JIbl MEXK]1y YPOBHSIMU SHEPIMU KBAHTOBOW CHCTEMBI.

[IpaBuiio oTOopa I TApMOHMYECKOTO OCIMIIIATOPA UMEET BUJI:

An= =1,

T.€. DHEPrusi TApMOHMYECKOTO OCIIILUIATOPA MPHU U3JYYCHUH WM TOTJIOIMIEHUH MOXXET U3Me-
HATHCS TOJIBKO MOPUUSIMH /I .

TyHHeabHbIM 3¢ eKTOM HaA3bIBACTCSA KBaH-
TOBBIN TIEPEXOJ] CUCTEMBI uepe3 00JIacThb JIBHKE-
HUs, 3alpEUICHHYI0 3aKOHAMM KJIaCCHUYECKOM Mexa-
Huku. [Ipumep Takoro mporecca — TPOXOXKICHUE
YacTUIIbl Yepe3 MOTeHIMANbHBIN Oapbep, Korma ee
sHeprus £ Menbie BoICOTHI Oapbepa Ug (puc.5.9).
[Tpo3paynocTs O6apbepa (OTHOIIEHUE TUIOTHOCTH TO-

U |

=
F'T /:
~ |
|

I | TOKa MPOLIEANIMX YacTHUIl K INIOTHOCTH IOTOKA Ia-
0 X X * JIAI0IIUX) oIpezenseTcs 1no Gopmyie
" 12
Puc.5.9 D~ Doj exp[-~/8m(U (x) — E) dx/#].

il

TynHenbHbIN 3 (eKT 00yCIOBIMBACT PaJUOAKTUBHBINA pacmajl TSKENIbIX sIep U MpoTe-
KaHUE pAla SACPHBIX pEaklMii, MOHU3ALMIO0 aTOMOB B CUIILHOM II0JIE, OIPEIEIAET YIHEPreTuye-
CKM CIIEKTp 3JIEKTPOHOB B KPUCTAJUIAX U SIBJICHUS HA I'PAHUIAX Pa3JieNa pa3InyHbIX CPel.

5.2. DnemeHTBI aTOMHOH (pU3NKH

ATOM— 3TO HaMEHbIIas YacThb XUMHYECKOT0AJIEMEHTA,CIIOCOOHAs K CAMOCTOSTEILHOMY
CYLIECTBOBAHMIO,HOCUTENb €ro cBoicTB.MH(popMaIuio o CTpoeHMH U CBOICTBaxX aroMOB IO-
JTy4aroT,HaOIroast paccestHue, BO30yX/AeHUE, HOHU3AIMIO M M3JIyueHHEe arOMOB B pe3ynbTare
WX B3aUMOJEHCTBUN C arOMaMH, 3JIEKTPOHAMH, MOHAMHU.

Cornacno moznenu/x./[>x. ToMcoHaaToM - 3TO NIOJIOKUTENBHO 3apsUKEHHBIA 11ap, pajuy-
coM ~ 1078 cM, BHYTpH KOTOpPOrO SIEKTPOHBI KOJNEOIIOTCA OTHOCHUTENHHO MOJOKEHHH paBHO-
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Becus (puc.5.10a), uro oOycioBauBaeT M3nydeHue aroma. B skcmepumentax 3.Pesepdopna
M0 PAaCCEsSHUIO OL-4aCTUIl HA

aToMax Oblla MOATBEPKICHA IUIaHETapHAas MO-

6 JeNb: B ILEHTPE aToMa HAXOAMUTCS  TMOJOXKH-
TEJIbHO 3apsDKEHHOE SIAPO, BOKPYT KOTOPOTO
JBIDKYTCS DJIEKTPOHHI (puc.5.106). JanHbie mMo-
NI HE COOTBETCTBYIOT 3aKOHAM  Kjaccu4e-
CKOll (u3MKH, HE OOBICHIIOT YCTONYHUBOCTH
aToMa U HaOJI0IaeMble OCOOCHHOCTH AaTOMHBIX
CIIEKTPOB.

a / DJICKTPOHBI

Puc.5.10

Cornacuo mocryjaaram H. bopa:

1. Amom moocem naxooumvcsa 6 CMAYUOHAPHBIX COCMOAHUSAX, dHepeuu Komopwix Ei,
E>, E3, ... obpasyrom ouckpemuwiii cnekmp.

2. Ilpu nepexode amoma u3 00HO20 CMAYUOHAPHO20 COCMOAHUA ¢ dHepeueld Em ¢ cma-
yuonapmoe c suepeueti En< Em npoucxooum uznyyeHue Keanma céema ¢ 4acmomou

Vv = (Em—En) / h —e

Ecnu En> Em npoucxooum nocnowenue kéanma ¢ yacmomou v = (En—Em)/ h
B wmopenu aroma Bogopona, mnpemnoxenHod H.bopom snekTpon
BpalllaeTcsi BOKPYT sJpa 10 KPyroBoil opOurte moj AeHCTBUEM KO-
HOBCKOI CHJIBI HpUTskeHus Fx= e/ 4meor” (puc.5.11) cormacHo 3akoHy
HrroToHna, T.¢

m 0 lr = ¥ 41teor?.

CranuoHnapHas opOHUTa onpenesseTcs MPaBUJIOM KBaHTOBAHUS IS MO- Puc.5.11
MEHTa HMITYJIbCA DJICKTPOHA:
L=m vr =nh, (n=1,23,...).

Paguychbl cTalimoHAPHBIX OPOUT MOKHO PACCUUTATH 11O hOpMyJIe:

Ame h*
rm=———>—N", n=123,...
me
a SHepruM CTAlMOHAPHBIX COCTOSIHMIA — 110 opMmyrte:
4
me 1

n - _ T .
2 232 2
32n°g ;A N
9HepFCTI/IquKOC COCTOSHHUE C N= 1 HA3bIBACTCd OCHOBHBIM (HCBO36Y)I(IICHHBIM) COCTOA-
HHUCM. COCTOHHI/IH c n> 1 HA3bIBAKOTCIA BO36Y)KI[CHHBIMI/I.
OCHOBHBIMU pacueTHBIMU (POpPMyJTaMH, XapaKTEPU3YIOLUIUMHU COCTOSTHUE aTOMa BOAOPO-

Ja, ABJISFOTCA:
4

me
JHeprusi 0CHOBHOIOCOCTOAHMA:F| = ——— = — 13,55 93B.

32n’elh’
Are 7’

Ieperiii GopoBekmii pagmycry = ——— =0,529 10~ 'm.
me
JHeprusi HOHU3aUMu aToMa Boaopoaa:l = — E1 = 13,55 3B.

Dueprus ucnyckaemoro kpanuta:hv = E—E, = Rh (1/K2— 1/n?),
e R= me* /813 85 =3,293 10" ¢! - nocrosunas Punbepra.

JJIMHA BOJTHBI U37y4aeMOro CBETa yIAOBIETBOPSET hopMyIie:
IA=R (/K- 1/n*),
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e R’ =R/c= 1,097 -10" m! - mocrosHHas, Taxke Ha3bIBACTCS MOCTOSHHOM Pun6epra.
Yacrora u3ayyaemoro ceera: v=R ( 1/k— 1/n*).
Ypasuenue lllpeaunrepa nJis 3j1eKTPOHA B aTOME BOIOPOAA:
h o, e’
—VVy-——y =FEy
TE  F
CocrosiHUE AJIEKTPOHA B aTOME BOAOPOA OMUCHIBACTCS BOJTHOBOM (DYHKITUEH \, YIOBIIE-
TBOpSIIOIIEH CTallMOHapHOMY ypaBHeHHUIO IlIpenuHrepa npu COOCTBEHHBIX 3HAYCHHUSX FEj, COB-
MajaroluX C IMOJYYEHHBIMH B MOJIEIM aTtoMa Bojopoaa bopa.
KBaHTOBBIMH YMCJIAMH SIBJISIOTCS
n— TJIaBHOE KBAaHTOBOE YHCIIO, OMPENEISIOIIee 3HAYCHUE dSHEPTUH AeKTpoHa. OHO mpu-
HI/IMaeT 3HaueHus 1,2,3 .
- Op6I/ITaJIBH06 YUCJIO, ONpEACINAIoNiee MOAYIh MOMEHTAa UMITYJIbCa 3JEKTPOHA B

arome: L aJyi(l+1), 1=0,1,2,... n— 1.

M - MarHUTHOE KBAHTOBOE YKCJIO, OINPEICIISIOINISe MPOSKIUI0 MOMEHTA UMITY/IbCa Ha
3aJIaHHOC HAIIPABJICHUE Z B MPOCTPAHCTBE:
; =hm,m= —-[,-1+1,...-1,0,1,...I-1, L
Kaxnomy coocTtBeHHOMY 3HaueHHIO E, (KpoMe E1) COOTBETCTBYET HECKOJIbKOCOOCTBEH-
HBIX OYHKIUN p,im, OTIHUAtONIMXCs 3HaueHusiMu [ 1 m. Cocrostaue ¢ / = () Ha3pIBaeTCsl S- CO-
cTosinueM, ¢ /[ =1 - p - cocrostauem, ¢ / =2 - d - coctosiHueM, ¢ [ =3 - f- coCTOSHUEM U T.1.
MarHuTHbIi MOMEHT JJ1€KTPOHA MOYXHO OIPEACTUTH 1O (GopMyJie:

e en
Yz = |_Z = m = pgm,
2m, 2m,
rae ps = ehl2m. = 9,27 -10% JIx/Tn - maraeron bopa.
B arome nMeeT CMBICT TOJIBKO BEPOSTHOCTh HAXOXJICHUS JJICKTPOHA B TOW WJIM MHOH €ro 4Ya-
CTH.

JIJ1sl HaTTISITHOCTH MOYKHO TOBOPHUTH O 3JICK-
TPOHHOM O0OJaKe BOKPYT f1pa, pa3sMep H
($hopMy KOTOPOTO OMpENEeNsitoT KBAHTOBBIE
qrcna 1 ¥ /, a OpUeHTalUIo - YUCI0 M(puc.
5.12).

1s,m=0 2p, m =0 2p, m = *1

Puc.5.12
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. N
_o08al4 Bce nuHuu B cnmekTpe aroma Bogopoaa oopasy-

10T Tpynmnbl (cepuu). JluHumM ompeneneHHoi ce-
pPHUH BO3HUKAIOT B CIIEKTPaX UCIyCKaHUS IpH Ie-
pexoAax ¢ pa3IM4HbIX BEPXHUX YPOBHEH Ha OAMH
U TOT € KOHEUHBbI HI)KHUHA YPOBEHb MpHU CO-
OmroieHun mpaBui otoopa (puc.5.13):
Al =+1,Am =0, % 1.

Cepust Jlalimana ornpeaensercs MePexXoJIaMHu:
np— 1s(n=2,3...);
1 cepus Jlaiimana cepust banpMmepa - nepexogamu

np— 2s, ns— 2p,nd— 2p(n=3,4...)
2 cepus banbmepa cepust Ilamena mepexomaMu
np— 3s, ns— 3p,nd— 3pnp— 3d,
nf—>3d,(n=4,5...).
Pacyer BeposiTHOCTEH KBaHTOBBIX MEPEXOJIOB
o0ocHoBan noctynarel bopa, npaBuna oto6opa u
MO3BOJIUIT  OMPENEIUTh HWHTECHCHUBHOCTH CIICK-
Puc.5.13 TpaJIbHBIX JTUHUH.

3 cepus Ilamena

- 13,54 1

CnuH — 3T0 COOCTBEHHBII MOMEHT UMIIYJIbCa MUKPOUYACTULIbI, MOAYJIb KOTOPOTO U Ipo-
eKIUSI Ha OCh Z ONPEACISIOTCS (HopMyIamMHu:

L =h\S(S+1) ; Ls. =hms, ms=-s,-s+1,...5,

rJie S — CIMHOBOE KBAaHTOBOE YHCJIO, SIBIISIOIICECS XAPAKTEPUCTUKONH MHKPOUYACTHIIBI MOI00HO
3apsay ¥ Macce (i dJeKTpoHa S = Y5, it potoHa S = 1); Ms — MarHUTHOE CITMHOBOE KBaH-
TOBOE YHUCIIO.
HpOGKHI/IIO CIIMHOBOT'O MAarHuTHOI'O MOMCHTA DJJICKTpOHAa Ha OCb Z MOXHO ONpCaACINTD
o popmye:
€ en
Usz=—— Lsz= ——ms,
2m, 2m,
rae ms =% .
3KCH€pI/IMCHTaJ'IBHOC A0Ka3aTCJIbCTBO KBAHTOBAHHA IIPOCKIWKW MArHvTHOTO MOMCHTA
aToOMa Ha HalpaBJIeHHe MarHUTHOTO moJjs noinydyeHo B ombiTe llltepHa u I'epmaxa, B KoTopoM
My4OK aTOMOB cepedpa MpoXOoArsl 00JacTh HEOJHOPOIHOTO MArHUTHOTO ITOJIS M TIOMA Al Ha
doromnactunky (puc.5.14). 3adukcupoBaHHOE pacHICTJICHUE MMyYKa Ha JBE KOMIIOHEHTHI CBH-
ACTCIBCTBOBAJIO O HAJIMUMHU Y aTOMOB MArHWUTHOI'O MOMCHTA, IPOCKIUA KOTOPOro IMPHHUMACT
TONIBKO [IBa 3HA4YCHMs. AHAJIN3 MOKa3all, YTO MarHUTHBI MOMEHT aToMa cepedpa 00yCIOBIEH
HCCKOMIICHCUPOBAHHBIM CIIMHOBBIM MArouTHBIM MOMCHTOM JJICKTPOHA BHEITHEN OJICKTPOH-

HOI 000JIOUKH.
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z
11 Zy
a
S
. ,
" > >
J - X y
A b
Puc.5.14
Cocrosuue OJICKTPOHA B aTOME OIPEACTIACTCA Ha60p0M KBAHTOBEIX YHWCEI. T'JIAaBHOro N (n =
1,2,3,...), opoutansuoro | (1 =0,1,2,... n — 1), marautaoro m ( m = —I,...0, +l), marauTHOTO

CIUHOBOTO ms ( ms =—"2, +'2 ).
Yucio pa3auuHbIX KBAHTOBBIX COCTOSIHUM, COOTBETCTBYIONIUX JAHHOMY 7, PAGHO:

23 (21 +1)=2n2.
1=0

Yactuipl, UMEIOIUE OJMHAKOBBIe (hM3HUECKHUE CBOMCTBa (3apsii, Maccy, CIUH U T.1.),
Ha3bIBAIOT TOXKAECTBEHHBIMH. B cucTeMe TOXIECTBEHHBIX YAaCTHUIl AIKCIIEPUMEHTAIBHO pa3-
JUYUTH YaCTHUIBI HEBO3MOXKHO. [lepecTaHOBKM YacTHUI] HE MPUBOJAT K HOBBIM COCTOSIHUSIM.

OCHOBHOM XapaKTEPUCTUKON KBAHTOBOTO COCTOSIHUS CHCTEMBI YACTHI[ SIBJISETCS YUCIIO
3aMO0JIHeHHUS, YUUTHIBAIOIIEE CTEMEHb 3al0JIHEHUsI JAHHOTO COCTOSHUS 4acTuliamu. B cucteme
YACTHI] C IIEJIOYUCICHHBIM CIIMHOM YKCJIa 3arOJHEHUS MOTYT NMPUHUMATH JIFOObIC 3HaueHus. B
CUCTEME YaCTHII C IMOJIYLEJIbIM CIIMHOM YHCJIa 3aI0JHEHUSI MOTYT MPUHUMATH TOJIBKO JBa 3Ha-
yerus: 0 - 11 CBOOOIHBIX COCTOSTHUM | 1 - [T 3aHSITHIX.

YacTuiiel ¢ 1EIOYUCICHHBIM CIIUHOM ((DOTOHBI, T-ME30HBI) IMOJYUHSIOTCS CTAaTHCTHKE
boze-DiinmTeiiHa U Ha3biBaloTCAd 0030HAMHU. YacTUIBl C MOMYLENbIM COUHOM (3JIEKTPOHBHI,
IIPOTOHBI, HEUTPOHBI) MOAYUHSAIOTCS cTaTucTUKe Pepmu-Jlupaka u Ha3bIBAIOTCS (PEPMHUOHAMM.

Hpunuun Iaynan dopmynupyercs cleayromuM o0Opa3oM: B CHCTEME TOXIECTBEHHBIX
(hepMHUOHOB HEBO3MOXKHO OOHAPYKHUTH JBE WM O0JIEe YacTUIl B OJHOM M TOM K€ KBAHTOBOM
cocrossHUU. B aTomMe He MokeT ObITh 0Ooyiee OJHOTO SJEKTPOHA C HEKOTOPBIM HAOOpOM
KBaHTOBBIX yucea N, |, m, ms.

[TopsaoKk 3amonHEHs JIEKTPOHHBIX COCTOSIHUM B MHOTO3JIEKTPOHHBIX aTOMax OIpeJie-
nsieTcs puHIUIoM [laynyu u IpuHIMIIOM MHUHUMYyMa YHEPTHUH.

CocTosHMS ¢ OJUHAKOBBIM 3HAU€HHWEM KBaHTOBOTO yucia N obo3HauatoT OykBamu K, L, M, N.
Kaxxnas u3 takux rpymnm HazbiBaeTcs cioeM. O00I0YKOl HA3BIBAIOT TPYIITY COCTOSIHUM, OJH3-
KHUX JIPYT APYTYy MO SHEepruu. B Kaxkaol 000JI0YKe 3IEKTPOHBI paclpeAeNieHbl M0 100000104-
Kam, COOTBETCTBYIOIIUM opOuTambHOMYy uuciy |. KomudecTBo 31eKTpOHOB B 1M01000I0UKE
OTpEeIeSIeTCS MATHUTHBIM M MarHUTHBIM CITHHOBBIM KBAHTOBBIMHU YHCIaMU U paBHO 2(21+1).
MakcumainbHbIe YHCa 3JIEKTPOHOB B COCTOSHUSX, XapaKTEPU3YeMbIX 3HaueHusMH N u |, npu-
BeJIeHBI B TabmuIe 5.1.

OCHOBHOE COCTOSIHME aToMa 00pa3yeTcs B pe3yJbTaTe MOCIEA0BATEILHOTO 3aMI0JIHCHUS
oboiiouek, HaunHas ¢ Hu3e. O0oI0UKa,3aMoTHEHHAs HAIENIO AJIEKTPOHAMH, Ha3bIBaeTCs 3a-
MKHYTOH. ATOMBI C 3aMKHYTBIMH 000JI0YKaMu 00pa3ytoT MHEPTHHIE Ta3bl.

Tabma 5.1
n Uucno 3JIEKTPOHOB B COCTOSIHUSIX MaxkcumansHOe
CIIOM S p d f g YHCII0 IIEK-
1=0 =1 =2 1=3 1=4 TPOHOB
1 K 2 2
2 L 2 6 8
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3 M 2 6 10 18
4 N 2 6 10 14 32
5 ) 2 6 10 14 18 50

Pacrnipenienenuie 2IeKTPOHOB MO COCTOSHUSIM HA3bIBACTCS 9/1€KMPOHHOU KOHuU2ypayuetl.
Hanpumep, >1exTporHas KoH(MHrypanus atoma Oopa - 1s22s?2p! (nBa snextpona - B cocTos-
ausx ¢ N=1,1=0,1Ba-¢c n=2,1=0, u ogun smektpou ¢ N =2, |1 =1).

K-000s10uKa COEPKUT JBa COCTOSIHMS 1S M 3amosiHseTcst B arome renus He (Z =2).L-
000JI04Ka COACPKHUT 2 cOCTOSIHUS 2S U 6 cocTosHui 2p. Ee 3amonHeHune 3akaHYMBaeTCs Ha
Heone Ne (Z =10). Dtu 0005104KH COBMAIAIOT CO CiosIMU. B TpeTheit obomouke (8 cocTosiHuit 3p
1 3S) 5TO COOTBETCTBUE HApYIIAETCSA - €€ 3aloJIHEHUE 3aBepiiaercs Ha aprone Ar (Z = 18) ¢
21eKTPOHHOM KoHpurypanuei 15225?2p°3s23p8. Cocrostaus 3d, 4s u 4p 06pa3yioT 4eTBEpPTYIO
obosouky, 3amonusoniyiocs B kpunrtone Kr (Z=36). Takoii mopsgok 00yCIOBICH BIUSHHEM
00JIBIIIOr0 OPOUTATIBHOTO MOMEHTA B COCTOSIHMSIX 3d.

KBanToBas Teopusi 00bsicHseT niepuoanueckuii 3akon [1. 1. Menneneesa. B xumuueckyro
CBSI3b BCTYNAIOT JICKTPOHBI BO BHEIIHUX O00OJOYKAX, CIIOCOOHBIC MPH CONMIKEHUU H3MEHUTH
cBoe cocTosiHue. Takue 3MeKTPOHBI HA3bIBAIOT BAJICHTHBIMU. ATOMBI C OJJMHAKOBBIM YHCIIOM Ba-
JICHTHBIX 3JICKTPOHOB TPOSBISIOT OJIM3KUE XUMUYCCKUE, ONTHYCCKUE, ICKTPUUSCKUE U Mar-
HUTHBIE CBOMCTBA. [IepHOIMYHOCTh CBOWMCTB XMMHUYECKUX JIEMEHTOB CBSI3aHA C OMpPEEICHHOMN
MEPUOANIHOCTHIO B PACIIONIOKEHUH JJIEKTPOHOB B aTOMaX Pa3JIMYHBIX AJICMCHTOB.

TopMoO3HOEe PeHTreHOBCKOe M3JIyYeHHe BO3HHUKAeT Mpu OOMOapIUpOBKE TBEPIbIX MHU-
nIeHel ObICTPBIMU dJIeKTpoHaMU. Hambosee pacnpocTpaHeHHBIM HCTOYHHKOM PEHTTEHOBCKOTO
U3ITy4eHUs SBISIETCS PEHTreHOBcKas TpyoOka (puc. 4.51), B KOTOpO# yCKOpEHHBIE IOJIEM DJICK-
TPOHBI OOMOAPAUPYIOT aHOJ, UCHBITHIBAS HA HEM pPe3Koe TOpMokeHue. [Ipu 3TOM BO3HHKAeT
PEHTTEHOBCKOE M3JIy4€HHE — DJIEKTPOMArHUTHOE H3IY4YeHHE C JJIMHOM BOJHBI B JHara3oHe
10712 - 108 M. CrmontHO# CHIEKTp TOPMO3HOTO H3IYUEHHS MMEET KOPOMKOBOIHOBYIO 2PAHULY,
JUIsl KOTOpOro3HaueHue Amin = ch/eU (puc.5.16).

I 4

A4+
-
K
hv 0 3
Puc. 5.15 ™ Puc. 5.16
XapakTepucTHYecKOe PEHTIeHOBCKOe M3JIyYeHHe HCIYCKalOT aTOMBbI
IIPY MOHM3ALlMM WX BHYTPEHHUX JJIEKTPOH- L
HBEIX 000JIOYEK IPU IOCIIENOBATEILHOM 3a- N Ly Ms
MOJTHEHUH OOpPa30BaBIIMXCS BakaHCUU. Xa- K, Lp Mo
pPaKTEpPUCTUYECKUE PEHTT€HOBCKUE CIEKTPbI M
ABJISIIOTCS JIMHEUHBIMU W COCTOSIT U3 CEpUH, K La M- cepust
BCE JIMHUM KaXJI0H U3 KOTOPHIX 00BEINHEHBI L d
Oo0ImMM HayaJbHBIM YPOBHEM HOHM3ALUHU L- cepus
(puc.5.14). Ko
K
K- cepus

Puc.5.17
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ITo 3akony Mo03,14 MOXXHO PacCUUTATh YaCTOTY U3ITyUCHHS:

v= R(Z-c)* (1/n] - 1/n}),
I7ie V — 4acToTa us3nydeHus, R — mocrosiunas Punbepra, ¢ -mocTosiHHAsE SKpaHUPOBAHUS, H| =
1,2,3,... onpenenser CeKTPaIbHYI CEpUI0, 12 TIPHHUMACT IEJIOUUCIICHHbIC 3HaUeHHs 1 + 1.
Hns K-cepun o =1, ni=1,m=23,..

ATOM, HaXOMSIIUICS B TOJIE M3JIyYCHHS B COCTOSHHUH |, MEPEeXOIUT B COCTOSHHUE 2
cOoubIIei SHEprHel, moromas GoTon ¢ sueprucii hv = Ex —E1 (puc5.18a). I3 B030yKICHHOTO
COCTOSIHUS 2 aTOM MOXKET TepeiTH B HEBO30Y)KIECHHOE COCTOSHHUE, MEepeaaB SHEPTHIO APYTHM
yacTunaM 0e3 wu3imydeHus (pucS5.186), caMonpou3BOJIbHO (cnowmanHo) UCTYCTHB (OTOH C
sHepruer (puc.5.18 ), wiam ucnycrus Goton ¢ sHeprueit hv = Ex —E1noo oeticmeuem enews-

He20 uzyueHus ¢ 4actoroi v (puc.5.18 2).
° 2 CrioHTaHHOE U3JIYy4CHUE HWMEET CIy4aiHoe

HaMpaBJICHUE PACIPOCTPAHCHUS, MPOU3BOJIbHBIC ILIOC-
p 0 KOCTb MOJIApU3aIiiy U (asy.
S E—— Hcnyckanue (HoToHA aroMOM TMOJA  JCHCTBHEM
———> BHCIITHETO W3JIyYCHUsS HA3bIBACTCS  UHOYYUPOBAHHBIM
e 6| s (BBIHYXIEHHBIM). DOTOHBI BBIHYXJICHHOTO H3JIYYCHUS
KOTEPEHTHBI ¢ (OTOHAMH, BBI3BABIIUMH 3TO H3JIyde-
—1 Hue. Bkiaag WMHIyNHPOBAHHOTO M3JIyYCHHS CTAHOBHTCS
2 CYIIIECTBEHHBIM MPH OOJIBIIION MOIIHOCTH U3TyUCHHS.
2 V>
-
1
Puc.5.18

3akon Byrepa-Jlamnepra onuchIBaeTH3MEHEHNE WHTCHCUBHOCTH M3JIyYeHHUsS B ITyY-

K€, paclpoCTPaHSIONIEMCs BIOJIb HAIIPABJICHUS OCH Z:

| = loexp(—az),
rae lo, | - THTEeHCUBHOCTD M3IIy4€HUsl Ha BXOJIE B CIIOM BeIllecTBa U
Ha riyoune Z, o = K(N1 —N2) - ko3¢ dunmeHT noraomneHus Berie-
ctBa, rae Ni,N2 - yuciao aToMoB B HEBO30YKJI€HHOM BO30YKIEH-
HOM COCTOSIHUH.

B o6brunbix ycnoBusix N2 <Ni, moatomy o> 0, u cpena mo-
>0 riomaet u3nyuenue. Cocrosiaue, B koTopom  N2>Ni, Ha3biBaert-
Csl COCTOSIHUEM C UHBEpCHOU 3aCEleHHOCThI0. B 3ToM ciydae o<
0, ¥ WHTCHCHUBHOCTh M3IYYCHHUS YBEIUYMBACTCS TIPH €r0 pac-

Puc. 5.19 IIPOCTPaHEHHUHU.
Cpena, B KOTOPOW MPOHMCXOJUT YCUJICHHWE IIaJaloIIero Ha Hee W3IyYeHHs], Ha3bIBACTCS aK-
musnou cpenou. IlepeBos cHUCTEMBI B COCTOSHUE C MHBEPCHOM 3aCEJIEHHOCTBHIO HA3bIBACTCS
HAKAYKoU W OCYIIECTBIISIETCS ONTUYECKIMH, dJIEKTPUIECKHUMHU U HHBIMU CTIOCOOaMH.

Jlazepbl - 3TOONTHYECKHE KBAaHTOBBIC T€HEPATOPHL. B TBEpIOTEIHHOM J1a3epe Ha MOHO-
kpucrtamie pyouna (kopyan Al.Os ¢ npumecamu noHoB xpoma Cr*3) (puc.5.20) npu HHTeH-
CHBHOM OOJIyYEHHHM HWMITYJIbCHOW JIAMIIOM HaKa4dK{ TPOUCXOJUT IIEPEX0Jl HOHOB XpoMa Ha
YPOBHU TOJIOCHI 3, OTKyJa HauOoliee BEpOSITHBI Oe€3bI3NIydareibHble TEPEeXOoJbl HOHOB Ha
JIOJITO’KHUBYIIEE (METaCTaOMIIBHOE) COCTOSIHHUE - YPOBEHB 2, YTO TO3BOJSET CO3/1aTh HA HEM
WHBEPCHYIO HACEJIICHHOCTh M TMOJYYUTh ONTHUYECKYIO T€HEpaIMio Ha JTWHUSX BOJIH 694,3 HM U
692,7 aM.

IA

a<0

Ny
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0e3bI3Iyyarelib- 31 32

1
O
c:s = = 2 | akruBHas cpena |B ||~
? plai —
< E =) E s =
4 asi E c T = f f
R = S 1 cq:a f
> £ < =
=K =z g 32 yeTpoiicTBo
=1 5 [ HAKAYKH
3 ¢
1 \ y <
Puc.5.20 Puc.5.21

Kaxnp1it poTOH, BOSHUKIINNA NPH CIIOHTAHHOM Tiepexoze 2—> 1, MOXXeT MOpOIUTh JIaBu-
HY BTOPUYHBIX ()OTOHOB. /{7151 MHOTOKPAaTHOTO YCUJICHHUS Ja3€pHON T'eHEepaIii HCIONb3yIOTCS
JIBa MapaUIeNIbHBIX 3epKaiia 31, 32 Ha 00IIel ONTHYECKON OCH, MEKIY KOTOPBIMHU MTOMEIIASTCS
akTuBHagA cpena (kpuctamn) (puc.5.21). @oToHBI, ABMXKYIIHECS BIOJIb ONTHYECKON OCH, MOCIE
MHOTOKPATHOTO OTPa)XCHHUS OT 3€PKaJl U YCHUIJICHUS BBIXOAT Yepe3 MOIYIPO3padHOe 3epKajo 32,
co3/1aBasi CTPOTO HAIPABIIEHHBIH MYUYOK.

JlazepHOE HM3IIydeHHE OTIMYACTCS BBICOKOW CTENEHBIO KOTePEHTHOCTH (BpeMs Kore-
pentHoctH ~ 1073 ¢, jumHa korepeHTHOCTH ~ 10° M), CTPOroii MOHOXPOMATHYHOCTBIO ( AA~
10-1mM), ManbIM YIIIOBBIM PacXokKIE€HHEM MydKa M OOJBIION IJIOTHOCTBIO IOTOKA SHEPTHH (~
10-°Br).

5.3.2/1eMeHThI KBAHTOBOM CTATHCTHKH

Pacnpenesenue bo3e-JitHmTeiina onpenernsieT CpeIHee YUCIO YaCTHI] C HEI0UNCIICH-
HBIM CIIMHOM B COCTOSIHUM C SHEpTHen £ :

1
E-n -1
KT

Pacnpenesnenne ®@epmu-/Iupaka omnpenenser cpelHee YUCIO YACTUL] € ITOIYLEIbIM
CIIMHOM B COCTOSIHMM C dHEprueu £ :

<n> =

exp

1

<n>=

exp Ek_TM +1

rae | - XUMHUYecKkuil morteHiuan, k—mocrosiHHas Bonbivana, 7' — aOcoJroTHas TeMIeparypa.
3HaueHHue |\ HaXOJUTCS U3 YCIOBHUSI HOPMUPOBKH: YHCIIO YaCTUIl BO BCEX BO3MOKHBIX COCTOSIHU-
AX JIOJKHO OBITh PaBHO MOJTHOMY YHMCITY YaCTHI] CUCTEMBI

Kpurepuii BBIPOXKIEHUSI - TOYCIOBHE, IIPU KOTOPOM CHUCTEMA OIHCHIBAETCS KBAHTO-

BOI CTaTUCTHUKOI .
3/2

21th®
exp(pu/kT)y>1 wm n| ——| >1,

mkT
rac n- KOHI_ICHTpaI_[I/I}I qaCTull, M— Macca HYaCTUIbI, T — a6COJ'IIOTHaH TeMnepaTypa. HpI/I BBI-
nonaeHnn ycinoBus €XP(n / KT) << 1 BbIpakeHHsT KBAaHTOBBIX CTATHCTHK IPEBPALIAIOTCS B
dbyHKIMIO pacnpenenenns Makcpenna-bonbiMana 11t KITaCCHYEeCKOM CTaTUCTHKU



CMOJIEHCKNA
Hanpaenenue noocomosxku 12.03.02 «Onmomexuuxay (¢ @uanan
J S
Ipogunv «Onmuro-s1eKkmponnsie npubOpsL U CUCTEMBLY [ |
Memoouueckoe obecneuenue oucyuniunvt 51.0.05 «Duzuxay M3MN_

<n>= Aexp(—E/ KkT).
Temneparypa BBIPpOXKIEHHMA — DJTOTEMIIEpaTypa, HUXKE KOTOPOM B CHUCTEME IIPOSBIIAIOTCS
KBaHTOBBIC 3(PdeKThl, 00YCIOBICHHBIC TOXICCTBEHHOCTHIO YaCTHIl. TeMIiepaTypy BBIPOXKIIE-
HUSI MOYKHO PacCcuuTaTh 1Mo GopMyIie:

h2n2/3
a—
m k

rae KodpQUIMEeHT a TOopsAKa €AWHUIBI U pa3nuyeH A (HepMUOHOB U 0030HOB. [lyis amek-
TPOHOB B MeTajlie Ty ~ 10* K, 9TO 3HAYHTENBHO MPEBBILIAET TEMIIEPATYPY IJIaBICHUS BELIECTBA.
Jlnst poronnoro raza (M = 0) T, = co. /laHHBIE CUCTEMBI BCET1a BHIPOXKICHBL.

YpoBenbs ®@epmuB Metajuie npu 7= 0 MOXHO OompenenuTs 1o popmye:

h_2 3_n 2/3
8m =n

M_

IHEPTHI0 IJIEKTPOHHOr0 ra3a B MeTajie mpu KT<<u - no ¢popmyie:

572 (KT Y’
U=Yenu| 14+ 2| 22| |
ik T

1)
a MOJIIPHYIO TEIJI0EMKOCTHYIEKTPOHHOI0 ra3a — 1o ¢popmye:
(KT
C =Rn*| —
2

3akon /lrosonra m IITH— 3TOSMNMPUYECKU 3aKOH, COTJIACHO KOTOPOMY MOJISIpHAs
TEIIOEMKOCTh XMMHYECKH MPOCTHIX TBEPIBIX Tesl paBHa 3R.

MOHOH — PTOKBa3UYACTHUIIA, T.C. KBAHT MOJs KOJIEOAHWNH KPUCTAUIMUYECKOW pelIeT-
KH.

JHepPruio ¥ KBa3unuMIyJibC GOHOHA MOKHO PACCUUTATH 110 GOopMyJIaM:
E =hv = ho,
p=hk,

rie K - BoHOBO# BEKTOp, COOTBETCTBYIONIEH BONHBI HOPMAIbHBIX KONEOAHUH pELIETKH.

CxopocTh (pOHOHA paBHArpyNIOBOIl CKOPOCTH 3BYKOBBIX BOJH B KpHUCTalIeE:

ook
3y = 22K)
ok
MoJsipHasi BHYTPeHHsIsl JHeprus Kpucrajuia no /ledarw onpeznensercss COOTHOLIE-
HHUECM:
8 xm 3
T x“dx
U=Uo +9RT| — | [—.
) orer-1

rne Uo =34RTp - myneBas sneprus kpuctamia, X = hv/ KT, Xm = hvm/ kKT =
= Tol/T,To = hvm/ k - xapakrepuctuueckas temmeparypa mo J[ebaro, vm— MakcHMajbHas Ya-
CTOTa KOJICOAHHWH PEIIeTKH.
MoJisipHY10 TeNJI0eMKOCTh KpucTaLia nmo {e6aro MoXHO paccuuTarth 1mo Gopmyse:
3

T ) f ex’dx

T, ) o (=1
Ipu T>>Tp (Xxm<<1) C = 3 R, mpu T<<TpC = 233,3 R(T/Tp)3.
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5.4. DneMeHTBI (PU3MKH ATOMHOTO /1pPa

B sinepHoit pusnke u3ydaeTcsa cybaToMHas CTPYKTypa MaTepur B Maciradax r< 10710 m.
B aT0it obnactu usmku BemecTBo BcTpeuaercs B (opMe aTOMHBIX SiJiep U 3J€MEHTapHBIX ya-
CTHII.
Anpo — sToneHTpaIbHAs 4acTh aTOMa, B KOTOPOM cOCpeIoTOYeHA MPAKTUYECKU BCSI Mac-
ca atoma (6omee 99,95%) u ero monoXKUTeNbHBIH 3apsaa. Pazmepst sapa ~ 10 v
ATOMHOE 4JIp0 COCTOMTH3 JIEMEHTAPHBIX YaCTHUL] — IPOTOHOB U HEUTPOHOB, KOTOPBIE B
SJIpe SIBISIFOTCSL ABYMSI COCTOSIHUSIMH OJJHOW YacTHIIbl — HYKJIOHA. 3apsii MPOTOHA ¢p= |e| =
1,602-107*° Kn, macca npotona m, = 1,672-10 2’ xr. He#TpoH He HMeeT 3IEKTPHYECKOTO
3apsja: go— 0. Macca Heittpona my, = 1,672-10 ~%' k.
3apsioBoe 4Kca0 Z (aTOMHBINM HOMEP ) COOTBETCTBYET YUCITY IIPOTOHOB B sI/IpE.
MaccoBoe yuciao A — 3T000IIEe YNUCI0 HYKIOHOB B siipe, A = Z + N, rne N - 4ucio
HEHUTPOHOB B sIJIpe.
3apsn siApa paccuuTHIBAIOT 1O opmyne: Ze, rae e — 3apsa IpOoTOoHa.

A
O0o3Havenne sApa XUMHYECKOI'0 3JIeMEHTAa UMEET BU: , X.
1 o 2
H3oTonbl — 5T0 AApa C ONHUM M TeM ke Z W pasHbiMu A (mampumep, | H (mporuit), |

H(neirepnii), fH(TpI/ITI/Iﬁ)); H300apbl — 3TO SAApa ¢ ONUHAKOBBIM A M pa3HbIMH Z (Hampumep, fg
Ar , Ca).

> 20
Paaunyc sigpa onpeaenseTcIMINPUIEcKoil  hopmynoit
R =RoAY rme Ro=(1,3+1,7)-10 ® m.

JHeprusi CBA3H SAPa — STOKOJIUUYECTBEHHAs XapaKTEPUCTHKA JEHCTBUS SACPHBIX CHIL,
paBHasi HAUMEHBIIICH SHEPTrUU, KOTOPYIO HAJ0 COOOIIUTH AJPY, YUTOOBI pa3aeNuTh Ha COCTaB-
JSIOIINE eTo HYKJIOHBI. Ee MOXHO paccunTarh no ¢popmyre:

Ecs = (Zmp + Nmn—Mﬂ) Cz.
JdedeKT Macehl - 5TO BEJIMUMHA, HA KOTOPYIO YMEHBIIAETCS Macca BCEX HYKIOHOB IIPU
o0pa3zoBaHUH sIpa:
Am = Ee/ 2,
YaenbHasi JHeprusi CBSI3U-ITO SHEPTUS CBA3M, NPUXOASIIAsACA Ha OAUH HYKJIOH. OHa
SBJISIETCS XapaKTePUCTUKON YCTOWYMBOCTH A1pa U onpezaensercs mno Gopmyne:

SCS = ECS/A-
oF . Yem OGONbIIE Ecg, TEM IMPOY-
Hee snpo. HambGonee ycToitunBel
- 3Fe f sapa cpenneit yactu Ilepuomuue-
= 6L Emax— 8.7 MsB/ayxion 238(§ cKoii Tabmuibl (puc.5.22). Coun
E ' £= 7.6 MoB/aryxcon fApa— DTOCOOCTBEHHBIH MOMEHT
& 4 UMITyJIbCA S/Ipa:
§ L= I(l +D7,
w9 rae |- BHyTpenHe (NOJHOE) CIHMHO-

. BO€ KBaHTOBOe yucio. CrnuH sapa
| ; " ; . MOXET OBITh KaK LENbIM, TaK H

A
0 50 100 150 200 250 HOYHSANR

CoOcTBeHHBIfiMSIHMMTHBIIT MOMEHT aTOMHOIO siipa IponopuuoHaieH cnuHy. [lo
MOPSAAKY BEJIWYMHBI MAarHUTHBIE MOMEHTBI SIJiep CPaBHUMBI C  SA0EPHbIM MACHEMOHOM|ls =
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eh/2my, = 5,0508-10 2" JIx/Tn, p = gus J, tae g~ 1, J — MarHUTHOE CIIHHOBOE KBaHTOBOE
4HCII0, HE MpeBbllIatoniee 3HadyeHne 9/2. MaruuTHbelii MOMEHT IMpPOTOHA paBeH L= 2,791, .
MarauTHbIii MOMEHT HeWTpoHa .= —1,91,;, T.€.OpMEHTUPOBAH MPOTUB €r0 CIUHA. SAEpHBIM
MarHeToH B 1836 pa3 menpuie marHeroHa bopa, mo3TOMy MarHUTHBIE CBOMICTBAa aTOMOB
OMPEENSIOTCS B OCHOBHOM MarHUTHBIMH CBOMCTBAMH €T0 3JIEKTPOHOB.

Hyxionsl B sipe cBsi3aHbI TaKk Ha3bIBAEMBbIMU siIePHbIMHU cuj1amMu. CBOICTBA AIEPHBIX

CUIL:

1) spepHOe B3aUMOJEICTBUE CaMOe CHIIBHOE B IIPUPO/IE;

2) neiicTBHE ANEPHBIX CHII TIPOSBIAeTCS Ha paccTosHmax r<1071° u;

3) ma paccrosHuax nopsaka 10~ MsagepHsle CuIbl ABIAIOTCS CHIIAMH TNPHTSKEHHS, HA TO-
pa3fgo MEHbBIIUX PACCTOSHUSAX - CHJIAaMU OTTAJIKUBaHUS;

4) B3aMMOJICHCTBUE MEXIY HYKJIOHAMH HE 3aBHCUT OT HAJIMYMs Y HUX DJICKTPHUYCCKOTO 3apsi-
na;

5) saepHble CHIIbI 00TaJal0T CBOMCTBOM HACBIIICHHMS, T.€. KXKIbIH HYKJIOH B3aUMOJICHCTBYET C
OTPaHUYEHHBIM YUCIIOM COCEAHHUX HYKIIOHOB;

6) simepHbIC CHIIBI HE SIBJISSIOTCS I[CHTPAJIbHBIMU, YTO MPOSIBIIICTCS B 3aBUCUMOCTH KX OT OpPH-
EHTAI[MH CIIMHOB HYKJIOHOB;

B teopun atomHOro siapa HMCHOJIB3YeTCs OOJBIIOE YHCIO MOAeJel, MIPUMEHSIEMBbIX
JUTSL OTUCAHMS TOTO WJIM MHOTO Kpyra SBJICHUU.

Kanenvnas modeny mnpencraBisieT siIpO KaK KaIUIIO 3apsDKEHHOM KUAKOCTH. DTa MO-
JIeNIb  OIMHUCHIBAET 3aBUCHMOCTh YCPEIHEHHOMN SHEpPruu CBs3M snep oT uucen Z u A, hopmy
OOJIBIIMHCTBA SIEP, KOJICOAHUS MTOBEPXHOCTH SACP U JAeT KA4eCTBEHHOE OOBSICHEHHE MpOIlec-
COB JICJICHUSI aTOMHBIX SIAEP.

CornacHo obonoueunol mooenu KaxIbli HYKIOH JBIDKETCS B CaMOCOTIIACOBAHHOM
MOJIe OCTaJbHBIX HYKIIOHOB, B KOTOPOM MOTEHIMANbHAS IHEPrHsl Ka)XJO0ro HYKJIOHAa HMeEeT
dbopMy MOTEHIIUATBLHOM MBI JIUCKPETHBIEC SHEPTETUUECKUE YPOBHU TPYIIHUPYIOTCS B 000JI0Y-
KM, 3alojiHseMble coriacHo npuHuumny [laynu. Dta Moaens nana KpUTEpUH yCTOMUHMBOCTH
anep, OOBSICHWIA CHUHBI M MAarHUTHBIE MOMEHTHI SEp, MEPUOAMYHOCTh H3MEHEHHM WX
CBOWCTB.

B o0606wennon mooenu obwsacusercs dopma saep, BpamiaTeabHble M KojeOaTenbHbIE
ypoBHU dHepruu. CUIbHO BO30YKACHHBIE SIpa PACCMATPUBAIOTCS B CIMAMUCMUYECKOU MO0,
OTOXJIECTBISIONIEH sApo ¢ (epmu-razoM. Onmuueckas moodenb TPEIACTABIAET AIpO Kak
CIUIONIHYIO Cpefdy, MPEIOMIISIFOIIYIO, OTPAXKAIOUIYIO0 U MOTJOMIAIONIYI0 e0pOoilieBCKIe BOJHBI,
YTO TO3BOJIIET OOBSICHUTH B3aUMOJICHCTBHE S/IEP C HAICTAIOIMIMMH YaCTUIIAMH.

PaqnoakTMBHOCTb— 3TO CaMOIIPOM3BOJBHOE MPEBpAIEHUE HEYCTOWYUBBLIX SIIEP OJI-
HOTO XMMMUYECKOTO 3JIEMEHTa B Sipa JPYroro 3JE€MEHTa, COMPOBOXKAAIOUIEECS UCITyCKaHUEM
HEKOTOPBIX YacTull. PamnoakTUBHOE AIpO HA3BIBAIOT MATEPUHCKHUM, SJIpO, 0Opa3oBaBIleecs B
pe3ynbTaTe pacnaja — J0YEpHHUM.

FcrecrpeHHasa paJgHoakKTHRBHOC T bHAOIOMAETCS y
CYIIECTBYIOIIMX B MPHUPOJIE HEYCTOWYUBBIX U30TONOB. /1 ¢ K YV ¢ ¢ T B € HH a4 1 D a—
A HOAaKTHBHOC T b—3TO PaAMOaKTUBHOCTH U30TOIMOB, MOJYyYEHHBIX B pe3yJIbTaTe
AJIEPHBIX PEAKIIUM.

OCHOBHBIMU THUTIAMHU PAJIMOAKTHBHOCTH SIBJISIOTCS O- U [3- pacmajabl M y-aKTUBHOCTD
a1ep.

3aKoH pagHOAKTHBHOIO Pacnaja 3amichiBaeTCs B BUJE:

N(t) = Noexp(—At),
rae No - uncino HepacmaBmuxcs sgaep B MmomeHT Bpemenu t = 0, N(t) - uucmo HepacmaBImxcst
s/iep B MOMEHT BpeMeHH 1, A - TIOCTOSIHHAsIpacIaaa, BeIMYUHA, XapaKTepHAs I paauOaKTHB-
HOTO BELIECTBA.
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AKTHBHOCTBHYKJIMJA - 3TO BEJIMYUHA, paBHAs YMCIY S/I€p, PACHaBIIUXCA B €IUHHILY
BPEMEHH, T.€.:

|dN/dt| = AN.
Ilepuox moJgypacmaga — 3TO BpeMsi, 332 KOTOPOE YUCIIO PAJUOAKTUBHBIX SIIEP YMEHb-
mmtest BrBoe. [lepuon momypacnana MOKHO ONpeesuTh 1Mo Gpopmyie:
Ty =In2/\.
CpenHee BpeMsl KU3HHUT PATUOAKTHBHOTO SApPA OMPEASISICTCS MO COOTHONIICHUIO: T =
1/ .
IIpaBuiia cmeleHusi MO3BOJISIOT MPEICKa3aTh, KaKoe SAPO 00pa3yroTcs B pe3ysbTa-
Te pacrajga MaTepuHcKoro siapa. [IpaBuia CMEIMICHUSIOTPAKAIOT 3aKOH COXpPAaHEHHE YHCIa HYK-
JIOHOB M 3aKOH COXPaHCHHUs AICKTpUYECKOro 3apsaa. Hampumep,
A9 o-paciajga:Avy=Ax4, ZIv=Zx2;
nas B -pacmnonanpga: Ay=Ax; Iv=Lxt 1,
nns B*-pacmnoanacidy=Ax;Zv=Zx1.
AJb(pa-pacnag — 3TO UCIIyCKaHUE SIPOM Ol- YACTHIIBI, T.C. sSapa (; He):
IX —35Y +; He.
Anpda-pacnag  xapakTepeH s TsDKelbIX sep (¢ Z> 82). Ilepuoasl momypacmana o-
2 PbTy= 1,4-10" rer,

AKTUBHBIX SAJICP BApbUPYIOTCA B HIMPOKUX HPCACIax. V uzorona cBUHIA 82

215 -
y u3oTona pajoHa 4, Rn7y= 10 ® ¢. DHeprum o-yacTul 3aKmOueHHl B mpexenax 4 + 9 MaB.

DHEPreTHYeCKUil CHEKTP O-YaCTHI] JUCKPETEH, YTO CBUICTEIHCTBYET O HAIMYUU y aTOMHBIX
a1ep AUCKPETHBIX YPOBHEH SHEPruu.

Anbda-pacnan mIpoUCXOIUT B pe3yIbTaTe TYHHEIBHOTO MPOXO0XKICHUS O-4aCTHUIICH depe3
KYJIOHOBCKUH TMOTEHIMAIBHBIN Oapbep, OrpaHMYUBAIONINI MOTEHIMANIBHYIO MY ( B Mpeaenax
a7pa), OOyCJIOBIIEHHYIO SIIEPHBIMU CHIIAMHU.

Bera-pacnana ObiBaer:

onexkmponunviii (B)-p a c ma 4 - 3 T O HCIyCKaHUE SAPOM DJIEKTPOHA U DJICK-
TPUYECKHU HEUTPATBHYIO YACTHILYy SJIEKTPOHHOE aHTUHEHUTPUHO, T.€.:

A A _ -~
;X =5, Yte + v,

nosumponnbii(B)-p a cma g - 3 T O HUCIOYCKaHWE SAPOM IMO3UTPOHA U DJIEK-

TPUYECKHU HEUTPATBHYIO YACTHUILY SJIEKTPOHHOE HEUTPUHO, T.€.:
A A +
;X =, Yte + v,

K-3axBar — 3TO MOIJIOIIEHHE SIIPOM OJTHOTO U3 3JIEKTPOHOB aTOMHON 000J109KH (0OBIYHO

K-0005104K1) ¢ uCIyCKaHUEM 91€KMPOHHO2OHEUMPUHO, M. ..
_ A A
e+, X >, Y+v, .

bera-akTHBHOCTH HAOMIOIaETCS IPU BCEX 3HAYEHUSX MAcCOBOTO Yucia A.

bera-pacnang — 3T0 6HympuHyKIOHHBII TIPOIIECC, BBI3BIBAEMBIH C1abbiM 63aumooeli-
cmeuem:

n—p+e + v, (B - pacnan);
p—n+e’+v_  (B*- pacman);
e+ p—>n+v, (K-3axgar).

DHepreTUYecKuil CeKTp ANIEKTPOHOB, HCIYCKaeMbIX MpU [-pacrane sBiIsSeTCs Hempe-
PBIBHBIM M HMMEET BEPXHIOK TpaHHIly Emax(puc.5.23). DTo pacnpeneneHue CymecTByeT H3-3a

TOT0, UTO TpU [-pacmaje u3 siipa BbUIETAIOT J6e YaCTHIIbl, MEXK1Yy KOTOPBIMU paclpeesiseTcs
SHEPrusl.
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12
B
N 4 B7(9,0 MaB)
(13,4 MaB 12
B ) -
v (4,4 MaB)
R e 12
> 0 C
Emax E
Puc.5.23 Puc.5.24

I'amma-—u31y4eHHe — 3TOXKECTKOE IEKTPOMArHUTHOE H3JIyYE€HHE, BO3HHUKAIOLIEE MpU
nepexoAax BO30YXKIEHHBIX slep B MeHee BO30yxaeHHble coctosHus (puc.5.24). I'amma—
U3JIy4E€HUE COIIPOBOXKIAET MPOLECCHI O- U [3-pacliafioB U HE BbI3bIBAET U3MEHEHUS Yy siiep 3aps-
J0BOro U maccoBoro uucen. CHEKTp 7Y-U3JIydeHHUs TUCKPETEH BCIEJACTBUE JUCKPETHOCTU
SHEPreTUYECKOro CleKTpa BHYTPHUIAEPHOTO IBUKEHHUS

SlnepHble peakuMH — STONPEBPALLEHUS ATOMHBIX fJ€p MPH B3aUMOJEHCTBUU JIPYT C
JPYrOM WM C 3JIEMEHTapHBIMU YaCTHIIAMHU:

X+a—> Y +bum X (ab)Y,
rae X,Y UCXOAHOE M KOHEYHOE s/pa, &, b - 6oMOapaupyromias u ucyckaemas (MCIyCKaeMbIe)
B peaKIUH YaCTULBL.

B 100011 siiepHOl peakuy BBIIOJHSIOTCS 3aKOHBI COXPAHEHUS AIEKTPUUYECKUX 3apsiioB
U MacCCOBBIX YHCEJ, @ UMEHHO: CyMMa 3aps0B (MacCOBBIX YMCEIN) YaCTHII, BCTYMAIOUUX B pe-
aKIIMIO paBHA CyMMeE 3apsJ0B (MAaCCOBBIX YMCEI) MIPOIYKTOB peakluy. BoIonHAIOTCS TaKxKe 3a-
KOHBI COXPaHEHMs SHEPIUu, UMITyJbCca U MOMEHTa MMITyJbca. Mcrnoab30BaHUE 3aKOHOB COXpa-
HEHUSl IPU U3YYEHUU SACPHBIX peaklUil MO3BOJSET MOJy4yaTh UH(DOpPMALMIO JaXe IPU Heus-
BECTHOM MEXaHHU3ME pPEeaKLUu.

SnepHble peakuuu MOTYT ObITh SK30TEPMHUECKUMU (C BBIAECIECHUEM DHEPIHMHM) U HJIO-
TEPMUYECKUM (C MOIJIOIEHUEM SHEPIuu). DHEprusi, BbIIEIAIONASACS B pe3yibTaTe peakiHH,
paccuuThIBaeTcs 1no ¢popmyie

—(m'em’ N2 2
Q=(m,+m,+...m_ )c*— (my+ my)c?,
/
rae Mi,Ma...; M, - MaCChl MCXOIHBIX YACTHI[ M YACTHUIL - IPOAYKTOB PEAKIIHH.

Peaknms nejeHusi siapa — 3TOJENEHUE TSDKEIOTO sipa Ha HECKOIbKO Oojiee JIerKHX
a71ep(0CKOJIKOB), OJIM3KKUX 10 Macce (puc.5.25).
Jlenenue BbI3bIBaeTCS OOMOApIUpPOBKOM HEHTPOHOB, KOTOpPbIE MOTYT JIETKO IPOHU-
KaTh B PO BBHJY OTCYTCTBHSI KYJIOHOBCKHMX CHJI OTTaJkuBaHus. [Ipumepamu nenenus sapa
MO/ ACCTBUEM HEUTPOHOB SBJISIOTCS PEAKIUU:
235 1 140 94 1
o U+ n—>.Cs+ Rb+2n,
235 1 139 95 1
oo Ut n > Xe+ .Sr+2n,
235 1 141 92 1
o Ut N> Xe+ Kr+3n.
[Ton nefictBuem o0myuyeHus ¢ sHeprueil HedTpoHoB £>100 MaB nensitcs Bce snpa. Tsokenbie
108
A7pa CIOCOOHBI K Jelenuio, ecan Z2/A> 17. DTo ycioBue BHIONHACTCS Ans cepedpa 47 Ag
(Z%IA~ 20). TIpu Z2%/A>49 (A >385,Z>138) smpo abGCOMIOTHO HEYCTOHYHMBO K JEIEHHIO.
[pu Z?/A< 49 BO3MONKHO cnonmannoe oenenue sAapa, IPOUCXOAINIEe aHATOTUYHO OL-pacray
3a c4YeT TYHHEIbHOTro 3 dexTa.

O CO-0Q-

1 2 3 4

n
-
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Lennas sjaepHasi peaklUsA— 3TO MOCJEIOBATEIBLHOCTh €IMHUYHBIX SJIEPHBIX peak-
Ui, B KOTOPBIX YaCTHUIIl, BHI3BIBAIOIINE PEAKIIUI0, 00pa3yloTCs Kak MPOAYKT pEakluu Ha
IIPEJBIYILEM 1Iare MOCIe10BaTEIbHOCTH.

SnepHblii peakTOp TNPEICTaBIsAET COOOWYCTPOMCTBO, B KOTOPOM OCYIIECTBIISETCS
yopaBisiemasi LEMHasl sifepHas peaxius, COMPOBOXKIAIOIIAsACS BbIIEIEHUEM dHEepruu. B kaye-

235
CTBC SJICPHOI'O IOprOYCro MCIOJIb3yCTCA H30TOI o, U a Ttaxke moJiyda€MbI€ MCKYCCTBCHHO

239

233 o o
HN30TOIIBI Umn 4 Pu. ﬂ;{pa 9TUX M30TOIOB ACIATCA HCUTPOHAMH e6cex SHEPIruv, B TOM

92 9

YUCIIC W MeniosviMu, SHEPrusi KOTopbix mopsaka KT (mpu komHatHoi Temmepatrype ~ 0,025
238

5B). Slmpa o, Un :gZThILCJIHTCH TOJIBKO Oblcmpbimu HEUTpOHAMU ¢ dHeprued £> 1 MaB.

/ 5 \ Jns yaep:xaHus HEUTPOHOB B aKTUBHOM 30HE

PN 6 \ HCIOJB3YIOT OTpa)kaTeJu U3 BEUIeCTB, €J1abo Io-

TJIOMIAIOINNX HEUTpOoHBI (rpadut, Oepwmmii). Jlns

17 [] [ 1 ] 3aMEIJIEHUS BO3HMKAIOIIUMX B PEaKUUU  JIeJICHHs

~N ] ] OBICTPBIX HEHTPOHOB HCIOJB3YIOTCS BEIIECTBA, CO-

CTOSIIME W3 JIETKUX sjaep (rpadur, Tsokenaas Boa).

PerynupoBka peakmum B PEaKTOpPE HA TEIUIOBBIX

HEHUTPOHAX OCYILECTBISETCS MEPeIBIKEHUEM B aK-

- - TUBHOW 30HE CTEp)KHEH M3 BEUIECTB, CHIBHO IOIJIO-

N E\ L L L HIaroNMX HEUTPOHBI (Kaamui, kapoun 6opa). OTBOA
\\2 S: 3 4 / Tera, u3

Puc.5.26

AKTHUBHOM 30HBI OCYIIECTBISETCA TETUIOHOCUTENEM (BOJOW, BO3AYXOM U T.1.). g 3alIuThl OT
MOTOKOB HEUTPOHOB H Y- KBAHTOB HCIIOJIB3YETCSI OETOH C JKEJIE3HBIM HAIOJHHUTENIEM U COC/IH-
HeHusiMu O6opa. Ha puc.5.26 npenacraBieHa cxema akTHBHOM 30HBI TeTepOreHHOro peakTopa (1 -
3aMeJUIUTENb , 2- OTpa)kaTeib, 3- TEIUIOBBIICISIIONINN 3JIeMEHT, 4 - KaHaJl OXJaXKIeHUs, S5- pe-
TYJUPYIOIINE CTEPKHU, 6 — 3aIUTHOE YCTPOMCTBO).

Peaknuu cuHTE3a aTOMHBIX si/iep — 3TO00Opa30BaHUE U3 JIETKUX siiep 0oJiee TAKEIBIX.
CuHTE3 NEerKuX s/1ep, Kak U JIeJICHUE TSKENbIX, NPUBOAUT K BBIICJICHUIO 3HEPIHH, HAIPUMED:

H+  H— He+ ;n +3,27 MaB,
2 2 3 1

JH+ H—> H+ p +4,03 M>sB,
‘H+ H—,He+ ,n +17,59 M>B.

[TonydyeHnue 3Tol SHEPTUHM B MAaKPOCKOMUYECKUX MaclITadax yAajgoch MOJYYUTh TOJIBKO
B HeynpasisieMoil Gpopme — B TepmosiiepHOM opyxuu. [IpoGiiema ympapisieMoro siaepHOro
cUHTe3a paspabarbiBaeTcsi ¢ cepeAuHbl 20 B. yCHIMSIMHM psifa CTpaH.

5.5.2sieMmeHTapHbIC YaCTHIBI.

Ctporoe omnpesieneHne MOHITHS IEMEHTAPHBIX YaCTULl MPEICTaBISAETCs 3aTPyIHUTEINb-
HbIM. MOKHO CUMTATh JIEMEHTAPHBIMU YaCTUIIbI, KOTOPHIE HE UMEIOT BHYTPEHHEHN CTPYKTYPBHI.
Opnnako, y OONBIIMHCTBA YaCTHL, CUUTABIIMXCS D3JIEMEHTAPHBIMU (HYKJIOHOB, T- ME30HOB)
CTPYKTypa yCTaHOBJIEHA. B Hacrosiiee BpeMsi K 3J€MEHTApHBIM YacTHI[aM OTHOCST BCE MUKpO-
YacTUILIbI, OTJIMYHbIE OT aTOMOB M aTOMHBIX sifiep. O0IIee 4YUCIIO 3JIEMEHTapHBIX YaCcTUL MpH-
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onmxaercst k 400, OOJBIIMHCTBO U3 HUX HECTAOWIBHO, U OHM MOTYT MpeBpallathCs IpYyr B
Apyra.

Y CTaHOBJIEHO CYIIECTBOBAHUE YETHIPEX THUIIOB (PYHAAMEHTAJIbHBIX B3aUMO/EHCTBHIA:
CUTLHO20, INEeKMPOMACHUMHO20, C1A0020 U 2PAGUMAYUOHHOZ0.

Cunvroe 63aumooeticmaueodecriednBacT CBS3b HYKJIOHOB B SIJJpE€ U BBI3BIBAET POXKJIe-
HUE HOBBIX YaCTHUI] NPH CTOJKHOBEHHUSX YaCTHUI[ C BHICOKMMHU JHEpPrusMu. YacTuipl, cro-
COOHBbIE K CHUJIBHBIM B3aUMOJICHCTBHUSIM, HAa3bIBAIOT adpoHamu. Paauyc AeMCTBHUS CHUIIBHOTO
B3auMoJieHcTBHA mopsanka 1072 m.

Onekmpomaznumnoe 3aumoodelicmsaue — 3TOB3aUMOJICICTBIE 3apsI0B, OCYLIECTBISIETCS
yepe3 3JIEKTPOMArHUTHOE T0J€ M O00YCIOBIMBAET CYHIECTBOBAaHHE aTOMOB U MOJIEKYJ.

Cnaboe 83aumooeticmsue,Kak W CUIbHOE, SIBISETCA KOPOTKOJEHCTBYIOIIUM. OTO B3a-
UMOJICHCTBUE OTBETCTBEHHO 3a [-pacmaj siiep, 3J€MEHTApHBIX YaCTHIl U IPOLECCHl B3aUMO-
JICUCTBUS HEUTPOHOB C BEIIECTBOM.

I'pasumayuonnoe 3aumooelicmseuecBOUCTBEHHO BceM TeslaM BceenenHoil.Cunbl  rpaBu-
Tallid MMEIOT HEOTPAaHUUEHHBIM pajnyc NEHCTBUS M BCET/A ABISAIOTCS CHUJIAMH TPHUTSKEHUS.
OTH CHIIBI BO3pAcTalOT C YBEJIMYEHUEM pPa3MEPOB M MacChl Tel, OOYyCIIOBIMBAsl CYIIECTBO-
BaHMeE 3Be3/l INIAHETHBIX CHCTEM M T.I. B mpomeccax MHKpOMHpa Ha paccTosHHAX > 10733m
TPaBUTALMOHHOE B3aMMOJICHCTBUE OLIYTHMOM POJIK HE UTPAET.

Kaaccudukanus 3jieMeHTapHBIX YacTHI BO3MOXKHA 110 pa3HbIM mpu3Hakam. [To Benu-
YHHE CIMHA JIIEMEHTApHBIC YaCTUIBl JACTATCS Ha 0030HbL , T.€. YACTUIBI C IEJIOYHCICHHBIM
cnuHOM ((hOTOHBI, TITFOOHBI, ME30HBI, 0030H XUITCa) U PepMuUoHsbl, T.€. YACTHIIBI C MOTYLETBIM
CIIUHOM ( 2JIEKTPOH, IPOTOH, HEUTPOH, HEUTPUHO).

[To BUIy CTPYKTYpBI pa3inyaroT:

1)CocraBHbIC YaCTHUIIBI-3TOZOPOHYL, YIACTBYIOIINE BO 6cex BUAAX (YHIAMEHTAIBHBIX
B3auMozecTBuil. OHM COCTOAT U3 KBApKOB M JEISATCS HA Me30Hbl, T.€. aIpOHBI C LEIOYHC-
JICHHBIM CIIMHOM W OApUOHbl, M.e. AAPOHBI C TOJIYLETIBIM CIUHOM ( B TOM YHCJIE€ W YaCTHUIIBL,
COCTaBJISIFOIIIME SIPO aTOMa, - IPOTOH W HEUTPOH). 3a UCKJIFOUCHUEM IPOTOHA BCE OapHOHBI
HECTAOMIIbHBI.

2)DyHnamMeHTanbHbIe (0ECCTYKTPYPHBIE) YACTHUIIBI — ATO

JlenmoHnsl - HEpMHUOHBI, HE YYacCTBYIOIIME B CHUJIbHBIX B3aUMOAEUCTBUSX. 3BecTHBI 6
THUIIOB JIETITOHOB: 3JICKTPOHBI, (€ ), MIOOHBI (W), TAOHBI (T ), DIEKTPOHHBIE (Ve), MIOOHHBIE (Vy) U
Tay-HEUTPUHO (V;), a TaKXKe COOTBETCTBYIOIINE AHTHYACTHUIIBI.

K6apku - JPOOHO3apsIHBIE YaCTHUIIbl, BXOJAIINE B COCTAB aPOHOB, YYaCTBYIOUIUE B
CUJIbHBIX B3aUMOJICHCTBUSAX U HE BCTpEUaroIIMecs B CBOOOJHOM COCTOSTHUU.

Tabnuma.5.2
KBapK 3apsiL, eI, e CIUH, eJ1. /i BaproHHO€E YnCIIo
u (Up — BepxHUH ’l3 o Y3
d (downumxauit) 13 s Ys
¢ (carm - oyapoBaHHBIH) 23 Y, Y5
s (strange — cTpaHHBIN), 13 Y, Y5
b (beauty — kpacuBblif), —1 s Y5
t (true — MCTUHHBII). ’l3 s Y3

Kanuoposounvie 0030HbL — 3TO YACTHUIIBI, IOCPEICTBOM OOMEHA KOTOPBIMHU OCYILECTBIISA-
eTcs B3auMmoJieiicTBre (POTOH — MEPEHOCUHK IEKTPOMATHUTHOTO B3aWMOJIEHCTBHUSA, 8 TIIIOOHOB
— TMIEPEHOCUYHKOB CHJIBHOTO B3aWMOJIEHCTBYSI, IPOMEXYTOUHBIE BEKTOpHBIE 0030HBI W', W™ 1
Z°, obecneunBaromue cnaboe B3aUMOJIeHiCTBHE, TPAaBUTOH — TMINOTETHYECKAs 4YacTHUIA, Mepe-
HOCSIIAsi TPABUTAIIMOHHOE B3aMMOJICHCTBUE).

ANpOHBI M JIENTOHBI OOPa3ylOT BEIECTBO, KaJUOPOBOYHBIC OO30HBL, B TOM YHCIE U
0030H XUrrca, - KBaHThI Pa3JIMYHbIX TUIIOB MOJIEH.
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B 3aBHcMMOCTHM OT BpPEMEHU JKU3HU YACTHIIBI JENISAT HAa CTaOMIIbHBIC YACTHIIbI, ME-
IOI[UE OTHOCUTEILHO OOJBIIIOE BpeMsl )KU3HH, i HecTaOwibHble. K CTaOMIBHBIM YacTHIIAM OT-
HOCSIT YaCTHIIbl, yYAaCTBYIOIIME B CIA0OM WIIM 3JICKTPOMAarHUTHOM B3aumojeiictBuu. K Hecra-
OWJIBHBIM YacTHLAM (pe30Hancam) OTHOCSAT YaCTHIIBI, PAaCHaJaroliecs IpPU CHIBHOM B3aUMO-
neiicTBIN. XapaKkTepHOE BpeMs KN3HH pe3oHaHcoB — 10722—107%4 c.

Cunrtaercs, 4yTO CHIJIBHOE B3aUMOJICHCTBHE MEXKIy KBapKaMU NEPEHOCUTCS 2li00HA-
Mu- 0€3MacCOBBIMH YacTUIAMH CO CIIUMHOM, PaBHBIM €IWHUIIE. TEOPHIO CHIILHOTO B3aHUMO-
JICMCTBUSL KBAapKOB M TIIOOHOB HA3BIBAIOT KBAHMOBOU XPOMOOUHAMUKOLL.
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duianan penepajbHOro rocyIapcTBEHHOr0 0I01KETHOT0 00Pa30BaTEJIbLHOI0 YUPeKIeHUs
BbICIIET0 00Pa30BaAHUA
«HanuoHaJbHBIN HccIeA0BaTeIbLCKUI yHUBepcuTeT « MIOMU»
B I. CMoJIeHCKe

JlabopaTopHbIil IPAKTUKYM
MO JUCIHHUILINHE

OU3UKA

(HAUMEHOBAHME JUCIUTIHHBI)
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1. Llenn na6opaTopHOro npakTukyma

JIaGopaTopHBIii MPAKTUKYM 10 JUCHUIUIMHE «DU3NKa» CIYKHUT IS MPAKTHYECKOTO MO
KpEeIUICHUs! JIEKIIMOHHOTO MaTepuasla M NPUBUTUS HABBIKOB paboTHI C J1a00paTOpHBIM 000pyI0-
BaHHEM U 00pabOTKHU pe3yabTaToOB KCIIEPHUMEHTA.

JIaGopaTopHble 3aHATHUS 110 TUCLUIIIIMHE IPOBOIATCS

1) B mabopatopun «MexaHuka U MoyieKyJsipHas pusuka» (ayn. A-219), ocHameHHON
16-10 mabopaTOpHBIMU CTCHAAMH,

2) B naboparopuu «DICKTPUUECTBO U MarHeTu3m» (aya. A-201 u A-217), ocHaleHHOM
17-10 naGopaTopHBIMU CTEHAAMH,

3) B naboparopuu «Onrtuka u atomHas pusuka» (aya. A-215), ocHameHHoit 14-10 nabo-
pPaTOPHBIMU CTEHIAMHU.

2. MeToanyeckoe obecnevyeHue nabopaTtopHOro npakTukyma

JIaGopaTopHbIil MPaKTUKYM 00eCTieueH METOJUIECKIMH TOCOOUSIMHU.

1. BanoB B.E. ®usnueckuii nmpaktukyM. Mexanuka u Mojiekyisipaas ¢pusuka./ B.E. MBa-
HoB, B.A. Haiinenos, T.B. [llupokux - Cmonenck: PO dunmuan ®I'bOY BO «HUY «MDW»,
2017, 76 c.

2. Onucanust 1a6OpaTopHBIX padboT Mo hU3KMKe U METOJUYECKUE YKa3aHUsI K HUM. DIeK-
tpudecTBo u MarHetusMm./ M. A. Apmmnenko, B. E. VBanos, B. A. Haiinenos, I'. B. Cenuines.-
Cwmonenckuit punuan F'OYBIIO «MOU(TVY)», 2009. - 76 c.

3. JIabopaTopHEIi MPAKTUKYM TI0 ONITHKE. Y4eOHOe mocobue 1o quciumimHam «Du3nkay
u «OcHoBbl onTukmn»./ benskos M. B., Cenumies I'. B., IBanoB B. E., Haiinenos B. A.., [1Iupo-
kux T. B.- PUO ¢unmana MOU B r. Cmonencke. Cmonenck, 2011. - 88c.

4. Cenumien ['.B. ®usnueckue n3Mepenust 1 ux odpaboTka. Meronuueckue pekoMeHa-
nuu/ Cenumie ['.B., boratsipe A.®., Usanor B.E., [llupokux T.B.- Cmonenck: PUO ¢unnana
MDBMU B r. Cmoaencke, 2014.- 40 c.

Metoauyeckue yka3aHus K KaaoW 1a0opaTopHOil paboTe conepikar 1enb paboThl, He-
00x0IMMBIe TIPUOOPHI U MPUHATIC)KHOCTH, TEOPETUUECKYIO YaCTh, ONMMCAHUE YCTAHOBKU U Me-
TOJa U3MEPEHUH, 3aJJaHue U yKa3aHUsI 0 00pabOTKe Pe3yJIbTaTOB U3MEPECHHUII.

IIpumep MeToaNYEeCKUX YKA3aHMII 110 BHINIOJHEHHIO J1a00paTOPHOii paboThl

OIIPEJIEJIEHUE EMKOCTH KOH/IEHCATOPOB IIOCPE/[CTBOM
BA/VINCTHYECKOI' O I'AJ/TIbBBAHOMETPA

Lenv pabomwi. OnipenieneHNe €EMKOCTH JIBYX KOHJEHCATOPOB M €MKOCTH TMPH  IOCJIE0BATEIb-
HOM U MapaJiyIeIbHOM UX COCTUHEHUH.

Ipubopwvl u npunaonesxcnocmu. JIabopaTopHbIi MOAYIb, OATUTMCTUYECKUI TAIbBAHOMET], BOJIb-
TMETp, UCTOYHUK TTUTAHHS.

|. TeopeTnyeckoe BBeeHUE

EMKoCTBIO KOHZIEHCAaTOpa Ha3bIBaeTCs (hpu3nyeckasi BeTUINHA, U3MepsieMasi OTHOIICHHEM
€ro 3apsjia ( K pa3HOCTH MOTEHINANIOB (HAMPSHKEHHUIO ) MEXIy OOKIaaKaMu
C= —q = ﬂ ) (1)
Z 2 U
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Jlnst onpeneneHus 3apsaa KOHAEHCaTopa B HACTOAIIEH paboTe UCMONMb3yeTcsl OaTucTu-
YECKHUU rajibBaHOMETpP. TaKkoi raibBAaHOMETP MO3BOJISIET UBMEPUTD 3apsiJl, IPOTEKAIOLIUHI 110 1ie-
U 32 TPOMEKYTOK BPEMEHHU T, MaJIbIid 10 CPABHEHUIO C TIEprUo0oM 1 COOCTBEHHBIX KoJeOaHUi
paMKu rajbBaHOMETpa. balmnucTHueckuil rajJbBaHOMETP OTJIMYAETCS OT OOBIYHOIO TajbBaHO-
MeTpa MarHUTOIIEKTPUYECKOM CHCTEMbI T€M, YTO €ro paMka o0yiagaeT OOJbIIMM MOMEHTOM
uHepin |. KpaTkoBpeMeHHBII UMIyJIbC TOKa IEHCTBYeT Ha paMKy rajbBaHOMETpa MOJO0HO
yaapy. Bo Bpems npoTekaHus TOKa paMKa rajibBaHOMETPa HaXOAUTCA MPAKTUYECKH TOJIBKO MOJ
JIEHCTBUEM BPALLAIOIIEr0 MOMEHTa M cuil, IeUCTBYIOIIMX HAa HEe CO CTOPOHBI MAarHUTHOTO IOJIS

M = iNSB = ki, (2

rje | - MTHOBEHHOE 3HaueHue Toka, N - YMCIIo BUTKOB paMKH, S - €€ IUIoIaib, B - HHIYKIHs
MarHuTHOTO TIOJIS B 3a30p€, B KOTOPOM HAXOJIUTCS paMKa Impuoopa.
[To 0CHOBHOMY 3aKOHY JUHAMHUKH BPAlIaTEIbHOIO JIBUKEHUS

do X
Il —=xi1, 3
a@ K (3)

r7e M - yriaoBas CKOPOCTh PaMKH.
[IpounTterpupoBas ypaBHeHue (3), IOTyIUM

() T
I[do = [idt
[¢] (6]
WK Io, =kq, 4)
rje .- YIIoBas CKOPOCTb, KOTOPYIO NPUOOpena pamMKka K MOMEHTY NPEKDAIICHHs TOKa;
T
q= I 1dt - zapsn, mpomremmii yepes pamky.

0

N3 popmyinst (4)

q=—0,. (5)
K

BpameHHe paMKHU MIPOAO0JIZKACTCA NO TEX IOP, IIOKAa BCA HpI/IO6peTCHHa}I €0 3a BpEMA
MPOTCKAHUA TOKA KMHCTHYCCKAad SHEPrus HE HGpCﬁI{CT B MOTCHUUAJIIBHYIO DHCPIrUi0 3aKpyuCH-
HOI HUTH nmoaBcca, T.€.

Imz_sz

2 2 ©

rae D - mocTosiHHas Kpy4yeHUsi HUTH MOJBECA, (p - YTOJI MEepBOro OTKJIOHeHus (7 GammucTuye-
CKOT0 0TOpOca ’’) paMKH.

Hckmouas u3 ypasaenuii (5) u (6) © , moayaum

ID

Ha omnbiTe 00bIYHO M3MEPSAIOT OTOPOC CBETOBOIO ‘’3aifunka’’, OTPaKEHHOT'O OT 3epKallb-
113, CBSI3aHHOT'O C PAMKOW raJIbBAHOMETPA.

Tak xak cMeleHHe CBETOBOTO 3aifunka N (B MM) ropa3zio MeHbliie pacctossHus d ot 3ep-
KajbIa 70 mKkajsl (N<<d), To yroy nmepBoro OTKIOHCHHS PAMKH ( JIETKO HaTh (puc.24.1)
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P

d
2p
|I|I|I|I|I|I|I|I|III il |||||||||II|
Gon
Puc.24.1
20~ 1920 =,
d
n
OTKyJa ¢= 2d’ 8)
U
TOraa q= ~dx n
WIn g=_Csn, 9)

rae Cp - baymucTuyeckasi IOCTOSTHHAS IPUOOpa, YUCIICHHO paBHAs 3apsily, BHI3BIBAIOIIEMY TEp-
BBIi1 OTOpOC 3aifurka Ha OJTHO JIEJICHHUE IIKAJbI.

Il. Onucanmne ycTAaHOBKM M MeTO/1a U3MepPeH Uit

HJ’IH OIIpEACIICHUA EMKOCTH KOHACHCATOPOB ITIOJIb3YIOTCA CXGMOFI, H306pa)KCHHOﬁ Ha

puc.24.2
Puc.24.2

Perynstopom HampspkeHHs HMCTOYHUKA NMUTAHMSI YCTAHABIMBAIOT KaKoe-THMOO orpeje-
JeHHoe HanpsbkeHue U, namepsiemoe BobTMETpoM V.

Korpa nepexiouarens T1 yCTaHOBIIEH B IOJIOKEHHE |, TPOMCXOAUT 3apsi/iKa KOHIECHCA-
topa C. Ecnu nepexmouarens T1 yCTaHOBIIEH B MOJOXKEHUE 2, KOHIEHCATOP Pa3psyKaeTCs 4epes
rasibBanomeTp G.

Kntou T2, BKIIOYEHHBIH NapaliebHO TajbBAHOMETPY, CIYKUT ISl OBICTPOTO YCIOKOE-
HUS KosneOaHull paMKH ranbBaHoMeTpa (aemndupoBanusi). [Ipu 3ambikanuu kiaroda T2 MHIYK-
LIMOHHBIE TOKH, BO3HUKAIOLIUE B PAMKE, B3aUMOAECUCTBYIOT C MAarHUTHBIM I10JIEM, YTO NIPUBOJUT
K OBICTPOMY 3JIEKTPOMAarHUTHOMY TOPMOKEHUIO MOCIIEIHEH.

Knrou T2 3aMBIKaIOT B TOT MOMEHT, KOT/Ia paMKa B IIpoliecce KoJieOaHuit MPOXOIUT uepes
MOJIO’KEHHE PABHOBECHS, T.€. KOTJIa CBETOBOM 3alUMK MEPEXOIUT Yepe3 HyJIb IIKAJIbI.

N3 popmyin (1) u (9) cnenyer
Cg-'n

U
TakuMm 006pa3oM, MO U3MEPEHHBIM OTOPOCY CBETOBOT'O 3aiiuMKa U HANpSKEHUIO Ha KOHJCH-
carope U MOXHO BBIMHCIUTH eMKOCTh C, €ClIi M3BECTHA OaJUIMCTHYECKasi MOCTOSIHHAS TalbBa-
HomeTtpa Ca.

C= (10)
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JlJ11 OTHOCUTENBHOTO TOUHOTO ompeneneHus: Cp raJbBaHOMETP B Havyasie paboThl rpamy-

UPYIOT, U3MEPSISt OTKJIOHEHHS N IIPH paspsiake dTaaoHHoro kouaencatopa Co. CTposT rpaayupo-
BOUYHYIO KPHBYIO, OTKJIa/IbIBas 10 ocu opauHat 3apsa = ColU, a mo ocu abCuce - OTKIOHEHHUE
n. bamrcrnueckyro moctossHHyo Cp ONMPEACIAIOT Kak TaHT€HC yriia HakiIoHa rpaduka g = f(n)
K ocH a0cIucec.

[HE

I11. Ilopsinok BbINOIHEHUsI Pa00OTHI

. Cobuparor cxemy (puc.24.2), Bkitouast 3TanoHHbd KoHAeHcaTop Co.
. YCTaHaBIMBAIOT TOTCHIIMOMETPOM HAINpsDKCHUE, YKa3aHHOE Ha ycTaHOBKe. [lepeximrouaTensb

T1 ctaBsT B mosoxeHue 1, mpu KOTOPOM KOHJIEHCATOP 3apsKaeTCs.

. [lepeBoasT nepexitouarens T1 B mojiokeHUE 2 i pa3psaku KoHaeHcaropa. M3mepsior oT-

KJIOHEHHE 3aiiunka 1o 1mkasie. Eciu oHO oka3bIBaeTCs MaibIM, TO YBEIUYMBAIOT HAMIPSDKECHHE
TaK, YTO0BI OTKJIIOHEHHE COCTaBIIsLI0 50-60 aeneHuil mKalbl raIbBAHOMETDA.

. BHOBB 3apsAKaAl0T KOHACHCATOP U pa3psKaroT €ro 4€pe3 raibBaHoOMCETDP. Beanunnasr U u n 3a-

MUCHIBAIOT B Ta0IHUIy 1.

. YMeHbIIaT HarpspkeHue npumepHo Ha 10 % u BHOBB IPOBOAST ONBIT. Takux U3MEpPEHUM

JIeNIAl0T He MEHee JIECSTH, KaK/bli pa3 yMEHbIlas HallpspKeHHE Ha paBHYIO BEJIMYMHY. Pe-
3yJbTAThI 3aHOCAT B TabnuLy 1.

. 3aMEHUB >TaJIOHHBIN KOHACHCATOP HCU3BCCTHBLIM, IMPOBOAAT U3MCPCHHUA IIPHU TAKOM HaIIp:A-

JKEHUHW Ha KOHJIEHCATOPE, YTOOBI OTKJIOHEHUE 3aifYMKa 10 IIKaJe HE BBIXOIMIIO 3a TPEEITbI
TeX, KOTOpble OBLIM MOMy4YeHbI NMpHU rpagyupoBke (okono 40-50 menenuit). OnbIT TpoOEIbI-
Balo TPH pasa.

. 3aMEHSIOT HepBHﬁ KOHIACHCATOP HEU3BECTHOM €MKOCTH BTOPBIM U IMPOBOJAT C HUM aHAJIO-

TUYHBIC U3MCPCHHUA.

. HpOBOI[SIT HU3MCPCHUA C obouMH KOHACHCATOpaMH, BKJIIOYasd UX CHadajla napaJliCJIbHO, a 3a-

TEeM MocienoBareabHo. HabmoeHne OTKIOHEHHs 3aiiuMKa rajJbBaHOMETpa NpHU paspsilike
KOHJICHCATOPOB, COETMHEHHBIX MapauIeIbHO, HEOOXOIUMO MTPOBOIUTH TIOCIIE 3aPSIIKH HX He-
OONBIIMMH HanpsHKeHUAMHU. Ecnu mpu 3TOM OTKJIOHEHHE OKa3bIBaeTCsl HEOONBIINM, TO
HAIMps>KCHUE MOCTCIICHHO YBCIWMYMBAIOT, Z[O6I/IBa$ICI> 0O0IBIINX OTKJ'IOHGHI/II\/’I, HO HC IPCBbI-
MIAIOLIUX TPalyupOBOYHBIX. Pe3yabTaTel 3aHOCAT B TaOIHUILy 2.

IV. O6padoTka pe3yJbTaTOB H3MepeHU

. [To gaHHEIM I/I3MepeHI/II71 C STAJIOHHBIM KOHACHCATOPOM OIPECACIAIOT BCIMUUHY 3apsAaaa, COOT-

BETCTBYIOIIYIO KaKJIOMY OTKJIIOHEHHUIO 3aiiuMKa rajbBaHOMETpPA, a 3aTE€M CTPOSAT TPagyupo-
BOUHYIO KpuBYy0. 13 rpaduka g = f( n ) onpenensiror Cp, Kak TaHTeHC yriia HAKJIOHA.

. 3Has OTKJIOHCHUS N, MOJY4YCHHBIC C KOHACHCAaTOpaMH HEH3BECTHOU C€MKOCTH, HAXOIAT KaXK-

noe 3nadenue C mo ¢popmye (10).

. It IpoBEpKHU pe3ysIbTaTOB U3MEPEHUH CPAaBHUBAIOT BEJIMYHUHBI €MKOCTENH KOHJeHcaTopoB C'

u C" npu napajyuieaTbHOM U MOCIEA0BATEIbHOM COECIMHEHUH, HAIEHHbIE U3 ONBITA, CO 3HA-
YEHUSIMU C;D u Cg , PACCYMTAaHHBIMU 1O (HOpPMYyIIaM

C,C
Cp=Ci+ G, e
C, +C,
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Pe3y1'IBTaTBI OKCIICPUMCEHTA CTYACHTEI 3aHOCAT B ITPOTOKOJI, B KOTOPOM YKa3bIBA€TCA LICJIb
paboThI, HCIONIb3yeMOe 000PYAOBaHHIE, XapaKTEPUCTUKH U3MEPUTEIBHBIX MPUOOpoB. Pe3ynbra-
ThI OKCIICPUMECHTA 0(1)OpMJ'IHIOTC$I B BUJIC Ta6J'II/IH u rpa(l)I/IKOB, BBIITOJIHAKOTCS HCO6XOI[I/IMI)IG pac-
YCThI U ACJIIAKOTCA BBIBOABI I10 pa6OTe

IIpumep nporokoia no 1abopaTopHoii padore

dununan PI'BOY BO «HNUY «MBN»
B r.CMoOJIeHCKE

kadenpa Guszuku

JlaGopaTtopnast pabora Ne 24

OINPEAEJIEHME EMKOCTU KOHAEHCATOPOB ITOCPEACTBOM
BAJJNIMCTUYECKOI'O 'AJIb BAHOMETPA

Hp Cr1oaaBaTciib.

I'pynmna:

bpurana:

CrygneHr:

K 3allIUTEC:
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CMOJIEHCKUA
( DUTTNATT
\' d 5 ,“F
M_

Lenv pabomui:

OHpGI[eJIeHI/Ie CMKOCTH ABYX KOHACHCATOPOB U CMKOCTHU ITPU IMOCIICAOBATCIBHOM U ITapaJljICiib-
HOM COCIUHCHUMU.

Ilpubopyol u npunaonexcnocmu:
bannmuctryeckuii rarbBaHOMETP, BOJIBTMETP, HCTOUYHUK ITUTAHUS, 1a00PATOPHBIA MOTYJIb.
Pacuetnbie popMyIibL:

n

w1

T, A
y=)

L.— ( a
P VIDZT

T

@

CI};AP =C; +Cy;

Col+—IIK — C'nocn
C 11; ocT = &
Puc.1 IlpuHnunuaibHas cxeMa dKCIepuMEeHTaIbHON Cl + C2
YCTaHOBKHU
Tabnmna 1
TexHUYEeCKHe XapaKTEPUCTUKU U3MEPUTENIbHBIX TPUOOPOB
Ha3Banue n Cucrema Kiacc Tou- [Ipenenst Ilena ne- Pox
Ne npubopa HOCTH U3MEpPEHUN JeHUs U3MEPSEMOTO
TOKa
raJjbBaHOMETP
BOJIbTMETP
Tabnwuia 2
JlaHHBIE TIO OTpeACIICHUI0 OATUTHCTHYECKON MMOCTOSTHHOM raipbBaHoMerpa Cp
UuB n, MM g, MmxKn

Puc.2. I'pagyupoBounbiii Tpaduk OATTUCTUYECKOTO Tallb-

BAHOMCETpPA

MKKI
Csg (o rpaguxy) = —_—

MM

Co= 0,67 Mx®
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Tabmma 3
Pe3ynbrathl 3KkcrIepuMeHTa
Ne U, n, C, Cep, CPACT,
OIThITa B MM MKD MKD MKD
1
C1 2
3
1
C2 2
3
[TapannensHoe co- 1
€OUHECHUE 2
Cniap 3
ITocnenoBareins- 1
HOE COCIMHEHMUE 2
Cniocn ' 3
BriBomr:

3. MNepeyeHb NnabopaTopHbIX padoT

Jlabopamopusie pabomul no pazoeny «Mexanuxka u MONEKyIAPHASL Pu3UKA»

. I3yueHne MeTo0B NpSMBIX M KOCBEHHBIX U3MEPEHUI 1 00pab0TKa UX Pe3yIbTaTOB
. I3yueHne MeTo10B 00pabOTKH pe3ylbTaTOB MPSIMbBIX MHOTOKPATHBIX U3MEPEHUN

. I3ydyeHue [uHaMUKH BpalarolIecsl CUCTEMBI Tell

. Onpeznenenre MOMEHTa HHEPIIUH BPAILAIOIIEHCS CUCTEMBI TET

. I3yuenne konebaHnii MaTeMaTHYECKOTO MasiTHUKA

. U3yuenue konebaHuit Gpu3N4ecKoro MasiTHUKA

. OnpesienieHrie MOMEHTA UHEPIIUU KOJIeca METOJIOM KOJIeOaHHit

. Onpeznenenre MOMEHTa HHEPLIUH U TIpoBepka TeopeMsl Ll TeitHepa npu nmomoru Tpu-
¢bunspHOrO MOIBECA.

9. Onpenenenne Maccsl MOJIS BO3yXa

10. IIpoBepka 3akona boitns-Mapuotra u [lansToHa

11. Ompenenenne OTHOLICHHS MOJISIPHBIX TETJIOEMKOCTEH

12. Onpenenenne K03QpPUIMEHTa BHYTPEHHETO TPEHUS BA3KOM KUJKOCTH

13. Ompenenenue korpUIMEeHTa BHYTPEHHETO TPEHUS U CpEeTHEH JUIMHBI CBOOOHOTO

03N LN kW~

npoOera MoJIEKYJT BO3/TyXa

MeTpa

14. VI3yuenue cOOCTBEHHBIX KOJICOaHUI CTPYHBI METOJIOM pe30HaHCa

15. Onpenenenne CKOPOCTH 3ByKa B BO3AYXE U OTHOIIEHUS MOJISIPHBIX TEIJIOEMKOCTEM
JUTSL BO3/IyXa METOJIOM CTOSTYMX BOJIH

16.0npenenenre k03¢ HUIMEHTA TETTIONPOBOJHOCTH BO3/yXa METOJIOM HarpeToil HUTH

Jlabopamopnvie pabomul no pazoeny « DneKkmpuiecmeo u MacHemu3my».

1. 3y4yeHne 3aBUCUMOCTH MOIITHOCTH UCTOYHHUKA TOKA OT COMPOTUBIICHUSI HATPY3KH
2. DKcepuMEeHTaIbHOE U3y4YeHHe 00001eHHoro 3akoHa Oma

3. Onpenenenne eMKOCTH KOH/IEHCATOPOB MOCPEICTBOM OALTUCTHUECKOTO TaTbBaHO-
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4. V3y4yeHue mpoieccoB 3apsiIKU U pa3psiiKK KOHIEHCcaTopa

5. N3yuenune xapakTepUCTUK BAKYYMHOT'O JJMO/1a U MTPOBEPKA 3aKOHA «TPEX BTOPBIX»

6. UccrnenoBanyie MarHUTHOTO MOJISL COJIEHOU 1A

7. UccrnenoBanrie MAarHUTHOW MHAYKIIUU B Kelle3e OAJUTHCTUYECKUM METOJIOM

8. Onpenenenre OTHOIICHUS 3aps/ia 3JIEKTPOHA K €r0 Macce METO/I0M OTKJIOHEHHUSI B

MarHuTHOM TI0JIe

9. N3ydeHue a51eKTpOHHOTO ocuuiuiorpada

10. Uzyuenwue r¢pdexra Xomia

11. CHsTHE PE30HAHCHOM KPUBOM KOJICOATEIIHHOTO KOHTYPA M ONIPEACIICHHUE

12. Ero nobpotHocTH

13. N3yueHue penakcalmOHHBIX KOJCOaHUI B CXeME C HEOHOBOM JIaMITON

14. N3mepeHue cOpOTUBIIEHUS PE3UCTOPOB C MIOMOIIBIO 3aKkoHa OMa

15. V3yueHue sBIeHUS TEPMOIIEKTPOHHONU SMUCCUH U OTIpesieNieHue paboThl BEIXOA
AJIEKTPOHA

16. Usyuenue 3axona OmMa 11 1ieneil mepeMeHHOro ToKa

17. Onpenenenue OTHOIIEHUS 3apsaa IEKTPOHA K €r0 Macce METOJIOM OTKJIOHEHUS B

ANEKTPUYECKOM I10JIe

Jlabopamopusie pabomy no pazoeny « Onmuka u amomuas usuxa»

1. Onpenenenyie CBETOBOM BOJIHBI C IOMOILBIO OUIpU3Mbl PpeHenst

2. OnpezeneHue JJTMHBI CBETOBOW BOJIHBI C MMOMOIIIBIO Kojienl HproToHa

3. UccnenoBanne 3aBUCMMOCTH TOKA3aTeNs IPEIOMIICHHSI BO3/[yXa OT AaBJICHUS C TO-
Molbio nHTepdepomeTpa Penes

4. OnpeneneHue JTUHBI CBETOBOW BOJIHBI METOIOM TU(GPAKIIMU OT OJHOH IEIH

5. Omnpenenenue JUTMHBI CBETOBOM BOJIHBI IIPH MOMOIIU AU(DPAKIIHOHHON PEIIeTKA
6. M3yyeHne 3aKOHOB MOJISIPU3ALIMU CBETA

7. UccnenoBaHue AUCTIEPCUU CTEKIISTHHOMN MPU3MBI

8. 3yuenue pucniepcuu

9. UccnenoBanue TEMIOBOTO U3JTyUEHHUS

10. 3mepeHne BBICOKMX TEMITEPATYp C MOMOIIBIO ONITUYECKOTO ITUPOMETPa

11. 3y4yeHue OCHOBHBIX 3aKOHOB BHEIIHEro (hoTorddexTa

12. Buemnuii potoaddext

13. Uzyuenwue criekTpa BOAOpOAa

14. N3yuenue napaMeTpoB JIa3€pPHOTO U3ITyUSHHS

Kaxnas naboparopHas paboTa 3auimaercs CTyAeHTOM HHAUBUYanbHO. s 3TOro0 pas-
paboTaHbl KAPTOUYKHU, COJIEPIKAIIIME 5 BOIIPOCOB IO MaTepHaaM JaHHOH J1abopaTOpHON paboTHI.
IIpumep KapTOYKH MO 3amKTE JIA0OPATOPHOM PadOTHI
«M3yuyeHue Ko1e0aHUI MATEMATHYECKOT0 MAsITHUKA»

1. MatemaTnyeckuii MasTHUK coBeplunaet konedanus o 3akony o = 0,10 sin (5,0 t + 7/6)
(pan). Bo ckombko pa3 OTIMYAIOTCS OTKIOHEHHS MasTHHKA OT TOJIOKEHUSI PaBHOBECHUS CITYCTSI
4,00 u 4,25 nepuoa KoueOaHMiA.

2. Haiftu oTHOIIEHHE Meproia KojebaHuil MasgsTHUKA C aMIUTUTYI0i a2 =60° k mepuony ¢
op1=5°.

3. Onpenenure 4acTOTy KoJIeOAaHUN MaTeMaTHYECKOr0 MasiTHUKA JIHHOM 0,58M.

4. MaremMaTH4eCKHii MasiTHUK COBepIaeT konebanus o 3akoHy o= 0,10sin (5,0t+m/
6) (pam). Kakosa (aza konedanuii ipu t = 07?

5.3aBUCHUT JIU IEpHOA KOJIEOAaHUH MaTeMaTH4ecKOro MasTHUKa OT Macchl Ipy3a?
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1.lenun n 3apgaum, o6bem NpakTn4YecKunx 3aHATUW NO AUCUMUNIINHE

Llenb MpakTHYECKUX 3aHATHH MO JAMCHUILIMHE «DH3MKa» — 3aKperuieHUue JICKIMOHHOTO
MaTepuaia JIUCHUIUINHBI, O0yYeHUE CTYJACHTOB MPAKTUYSCKOW CTOPOHE KOMIICTCHIIUN, 3aKper-
JIEHHBIX 32 JUCIUIINHOM.

JIist JOCTHKEHHMSI TTOCTABIICHHOW 1EIM HA MPAKTUYCCKUX 3aHATUSAX CTYACHTHI PEIIAIOT 3a-
Jla4¥ U3 y4eOHO-METOIUNYECKUX TTOCOOUIA:

1. Uanos B.E. 3amaun 1o ¢pu3mdeckuM 0CHOBaM MEXaHUKH, MOJICKYJISIPHO-KUHETUUECKON
TEOpHH M TepMonuHamukH; 3agadHuk./B.E.WBanos, I'.B.Cenumes, T.B.Illupokux- CmoaeHCK:
PUO dummana FTOYBIIO «MOU(TVY)» B 1. Cmonencke, 2016.-48 c.

2. beikoB A.A. ®usmueckue OCHOBBI 3ekTpoMaraerusma. COOpHHK 3amay; y4deOHO-
npaktuueckoe usznanue./ A.A. beikoB, B.E. VBanoB, B.A. Haiinenos, T.B. Illupokux - Cmo-
nerck: PUO ¢pumman ®T'BOY BO «HUY «MBWN», 2018, 99 c.

3. [IpakTuyeckue 3a1anus Mo ONTHKE: Y4ueOHoe mocodue mno nucuurummaaM "dusnka',
«OcHoBbl ontukny./ benskos M.B., Cenumies I'. B., Banos B. E., [Tanuenko C. B., Illupokux
T. B.- PUO ¢ununana 'OY BIIO "MBU (TY)" B r. Cmonencke. Cmomnenck, 2010. — 92c.

4. TManyenko C.B. AtomHuas u spepHas ¢usuka. COopHHK 3amanumii; npaktukym./ C.B.,
[Tanuenko I'.B. Cenumies, T.B. Illupokux- Cmonenck: PUO ¢unuana TOYBIIO «MOU(TY)» B
r. Cmonencke, 2016.-56 c.

5. llupokux T.B. COOpHUK TECTOBBIX 3aJaHUil MO (PU3HKE: y4eOHO-MIPAKTUUECKOE H3/1a-
aue/ upokux T.B., WBano B.E., Cemumer I'.B., Haiineno B.A., Cmonenck: d¢umman
'OYBIIO «MBU(TVY)» B 1. Cmonencke, 2009, - 88 c.

O0BeM MPaKTUUECKUX 3aHATHH - B COOTBETCTBUU C pabOYeH IMPOrpaMMOM JUCITUTIIMHBI
«DPusukay.

2. 3agaHunA Ha NpaKTU4Yeckue 3aHATUA NO QUCUMNIIUHE

[IpakTuueckue 3aHATUS 11O JUCIUTUIMHE MPOBOSTCS IO CIETYIOIIMM OCHOBHBIM TEMaM:
1-it cemecTp
. Kunemaruka
. lnHaMuKa MaTepruaabHON TOYKH U MOCTYNATEIbHOTO IBUKEHUS TBEPIOTO TEIa
. 3aKOH COXpaHEHUsI UMITyJIbCca
. Pabora. MomnocTh. DHeprus. 3akoH COXpaHEHUs SHEPTUU
. MomenT nnepunn. Teopema Llltelinepa. Kunetndeckas 3Heprus BpalieHUs
. MomeHT cuiibl. YpaBHEHUE JUHAMUKH BPAIATEILHOTO ABUKEHHUS TBEPIOTO Tea.
. MomeHT umnyibca. 3aKOH COXpaHEHUs MOMEHTa UMITYJIbCca
. Kontponbnas pabora no teme «du3ndeckre OCHOBBI MEXaHUKHY
. 3akon Knaneiipona-MenneneeBa. bapomerpuueckas popmymna
10. 3akon MakcBelia 0 pacrpeIe’IeHIHH MOJICKYJT HIeaTbHOTO Ta3a Mo CKOPOCTIM
11 ABnenus nepeHoca
12. 1-e Ha9ayI0 TEPMOJIUHAMHUKH U €T0 MPUMEHEHHE K H30IpoIieccamM
13. AnquabatuyecKuil ¥ MOJUTPOITHBIN MPOIIECCHI.
14. Iukisl ¢ uaeaIbHBIM Ta30M
15. KonTponsHas padora o teme «MKT u TepmonHaMukay
16. Mexannueckre KoeOaHus M BOJTHBI
17. Mexannueckue KoieOaHus U BOJTHBI

O©CoOoONO UL, WN -
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3-ii cemecTp
. Uarepdepenuns
. dudpakums ceera
. [lonsapusauus
. TerioBoe U3ydyeHUE
. ®otorddexr. [laBnenue cBera
. ATtomHas pusuka
. KBanroBas Mmexanuka. YpasHenus Llpenunrepa
. ®u3uKa aTOMHOTO siipa

cONO Ol A~ WN -

3. TexHONOrMA NpoBeAeHNA NPaAKTUYECKNX 3aHATUN

AJITOPUTM TPOBEACHUS MPAKTUUYECKUX 3aHATHHN MO AUCUUIUIMHE MPEIOIaracTcs Ciemy-
FOIIMMN:

- B iepBble 10 MUH. 3aHATHS CTYIEHTHI MOTYy4aroT 3a1anus (5-7 3a1a4), aHAIU3UPYIOT UC-
XOJIHbIC JIaHHBIC, 3AMMCHIBAIOT MAaTEMAaTUYECKUE BBIPAKEHMS, JI€JAl0T HEOOXOJAUMbIE PUCYHKH,
ONPEACIISIOT AITOPUTM PEIICHUS 3aa4H;

- OJIMH U3 CTYACHTOB TPYIIbI BBI3BIBACTCS «K JOCKE» U JIEMOHCTPHUPYET TPyIIEe BapUAHT
pelIeHust 3aJIaHus;

- OPraHU3yeTCsl HHTEPAKTUBHOE 00CYK/I€HHE PE3yIbTaTOB,

- B nociiegHue 15 MUHYT 3aHATHS CTYACHTHI BBINOJHSAIOT TECTOBBIE 3aJaHUS 10 JTAHHOU
Teme. 3amaHue colepkuT 5 TectoB m3 COOpHHMKAa TECTOBBIX 3aJaHUN MO (¢u3MKe: ydeOHO-
npaktuueckoe uznanue/ upokux T.B., MBanoB B.E., Cenumer I'.B., Haiinenos B.A., Cmo-
nerck: pumman FOYBITIO «MBOU(TY)» B r. Cmonencke, 2009, - 88 c.

4. NMpuMepHble 3a4a4u, BbIHOCUMbIe HA 3K3aMeH Mo AUCLMUNIMHE, NO TeMaM npak-
TUYECKUX 3aHATUN

1-it cemecTp
1. Kaxoit sorapmpmMuuecknii JeKpeMeHT 3aTyXaHus maarTHuka aauHoi 0,80 M,
ecJI ero HadaJibHasa ammmuryna 5,00, a uepes 5,0 mua amiuryaa pasHa 0,507
2. B uununape noj NopiiHeM HaxoauTcst Bojopo Maccoid m=0,02 xr npu Temnepatype T1
= 300 K. Bogopon Hauan pacmupsThCs aanadaTHO, YBEIMYUB CBOM 00bEM B MATH pa3, a 3aTeM
OBLT C)KaT M30TCPMUYCCKH, TIPUIEM 00beM YMEHBIIMIICS B TsATh pa3. Hailitu Temmeparypy T2 B
KOHIIE aanabaTHOTO pacUIMpeHus 1 padoTy, COBEpIICHHYIO razoM. M300pa3uth mporiecc rpadpu-
YECKHU
3. UneanpHblii MHOTOATOMHBIN ra3 cOBepIIaeT IUKI, COCTOSIINN MX ABYX H30XOp U JIBYX
n3o00ap, npuyeT HanboJbIlee JaBJICHUE Ta3a B JIBa pa3a OoJbIlle HAUMEHBIIIETO, a HAanOOIbIINN
00BeM B UeThIpe pasa Ooublie HauMmeHblero. Onpeaenuts Tepmudeckuiit KITJ[ nukia.
4. HaiiTii MOJIIpHYIO Maccy BO3/yXa, CYMTAs, YTO OH COCTOUT M3 OJIHOM YacTH KHCIOPOJa
U Tpex yacteii azora (My:mz = 1:3).
5. Komebanus maTtepuaibHOM Touku Maccoir 10 T omuchkIBaloTCs ypaBHeHUEM (B
cucreme CH)  x=010sin(rr/2+z/4.). Onpenenuts mepmom  Kosebammir,

MaKCHUMaJIbHOe 3HAUeHNe BO3BPAIAIOIIEeN CUJIBL U IIOJHYIO 9HEPTHI0O MaTepuaIbHON
TOYKH.
6. Ilpu agmaGaTHOM pacHIUPEHUH KHCIOpOoJa ¢ HadaiabHOM Temmepatypoit Ti = 320 K
BHYTpEHHss ’Heprusi ymenbinmiack Ha AU = 8,4 x/Ix, a ero oobeMm yBenuumiics B N = 10 pas.
Onpenenuts Maccy KUCIOPOAa.
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7. B 6anmnone BMectuMocThio V = 25 1 HaxoauTes Bogopon npu temmeparype T = 290 K.
[Toce Toro, Kak yacTh BOJAOPO/Ia U3PACXOJ0BAJIH, JaBlieHHE B OaisioHe moHu3miIoch Ha Ap = 0,4
Mlla. Onpenenuth Maccy U3pacxol0BaHHOIO BOJOPOAA.

8. HawkxoBa wuacrora, amMmimuTyga W HavaJibHass ¢as3a KoJie0aHUM, 3aTaHHBIX
ypaBHeuuem (B cucreme CH) S = sin (630t +1)?

9. 3a xakoe BpeMs TeJO CIyCTUTCS C BEPIIMHBI HAKIOHHOM IJIOCKOCTH BbICOTOH 3,0 M U
yriaoMm y ocHoBaHus 60°, eciy MakCUMAaJIbHBIN yroJl y OCHOBAaHUSI HAKJIIOHHOW IMJIOCKOCTH, MpHU
KOTOPOM TeJI0 HaXOAUTCS Ha HEH B mokoe, paBeH 30°7?

10. [Tnardopma, umerommas GopmMy CILIOMIHOTO OJTHOPOJAHOIO JUCKA, MOKET BPaIIaThCs 110
MHEPIH BOKPYT HEMOBM)KHOM BepTUKaIbHON ocu. Ha kparo miuatdopmMbl CTOUT YeIoBeK, Macca
KOTOpOro B 3 pa3a MeHbllle Macchl maatgopmel. Onpenenure, Kak U BO CKOJIBKO pa3 U3MEHUTCS
YIIJI0Basi CKOPOCTh BpAIICHUs MIaT(OPMBI, €CIIM YeIOBEK MepereT OIrmKe K IeHTPY Ha paccTo-
sIHHE, paBHOE MOJOBHUHE pajinyca MmiIaTQopMbl.

11. Iloxn nelictBueM kako# cuibsl F y Tena maccoit m = 10,0 kxr npu npsIMOJIMHENHOM JIBU-
JKEHUH M3MEHEHHUE ITyTH CO BpeMEHEM MPOUCXOAUT o 3akoHy S = A(B — Ct)t, tne A=10c¢?, B
=1,0 m, C =2,0 m/c. [IpencraButh rpaduuecku 3aBucuMocts V(1) u a(t).

12. [apuk maccoit 400 r, neTAIMI TOPU3OHTAIBHO CO CKOpocThio 10 M/c, ymapsieTcs o
npusmMy Maccoit 2,0 Kr, CTOSLIYIO Ha WJCAJIbHO TJ1aIKON MJIOCKOCTH U 10CJE a0COIIOTHO YIpPYyTo-
ro yJapa OTCKaKMBaeT BEPTUKAIbHO BBEpX. HaliTu ckopocTy miapuka u mpu3Msel ocie yjaapa.

13. Ilap um uMAMHAP, U3rOTOBJIEHHBIE M3 OJHOIO M TOTO XK€ MaTepuana, Kararcs Oe3
CKOJIBXKEHUSI C OJMHAKOBOM CKOPOCThIO. Ompenennure, BO CKOJIBKO pa3 KMHETHYECKas 3HEprus
11apa MEHbIlIe KUHETUYECKOW SHEPTUM CILIOIIHOTO LIUINH/PA.

14. uck paguycom R=24 cm konebneTcsi OKOJI0 TOPU30OHTAIBHOM OCH, IPOXOIIIeH yepes
CepeMHy OJHOI0 U3 PaJUyCOB MEPIEHIUKYISIPHO IUIOCKOCTU aucKa. OnpeneiauTb Nepuoj Ko-
nebaHui TaKOTO MasiTHUKA.

15. TlpousBoautcs KaauOpoOBKa OAIITUCTUYECKOTO MasTHUKA. bamincThuyeckuii MasTHUK
npencTaBisier co00il yCTpONCTBO, COCTOsIIee U3 HUTH UIMHON 2 M, Ha KOTOPOW MOJIBEIICH He-
00JIBII0H MUK ¢ eckoM Maccoit 2 kr. [Tymns maccoit 20 r, JeTsias TOpu30HTAIBHO , TOMAaIaeT
B AILIMK U 3acTpeBaeT B HeM. OIpeieanTe yIilbl OTKJIOHEHHUSI HUTH MAasTHHUKA IPU CKOPOCTSAX IMy-
T 200, 300 u 400 m/c.

16. Ha onHOpOIHBIN CIIONIHON IUIMHIpUYECKUH Bal paauycoM R = 50 cM HamoTaHa jer-
Kasi HUTh, K KOHIly KOTOPOM NMPUKpEIJIEH rpy3 Maccoil M =6,4 kr. ['py3, pazmarbiBasi HUTb, OITyC-
KaeTcs ¢ yckopenueM a = 2,0 mM/c?. Onpenenure: 1) MoMeHT uHepimy J Baa; 2) Maccy M1 Baja.

17. B nenTpe ckambu JKyKOBCKOTO CTOMT YEJIOBEK U JICPKHUT B PyKax CTepKeHb JUIMHOM | =
2,4 M 1 Maccoil M = 8 KI, pacHoJIOKEHHBIM BEPTUKAIBHO T10 OCH BpallleHus ckaMbh. CKaMbs ¢
4eI0BeKOM Bpamaercs ¢ yactoroit N1 = 1,0 ¢, C kakoif yacToToii Ny GyAET BpaIaThcs CKaMbsI C
YeJI0BEKOM, €CJIM OH IOBEPHET CTEP>KEHb B TOPU30HTAIbHOE NOJ0KeHUe? CyMMapHbIi MOMEHT
MHEPIMH YeIoBeKa M cKaMbH | = 6 kr M2,

18. BbrunucnuTe MOMEHT UHEPLHH J IPOBOJIOYHOTO MPSIMOYTOJIbHUKA CO CTOPOHOU a = 12
cM 1 b = 16 cM OTHOCHTENBHO OCH, JIS)KAIIEH B TNIOCKOCTH MPSMOYTOJIbHUKA M MTPOXOIAIICH ue-
pe3 cepelrHbl MalbIX CTOPOH. Macca paBHOMEpPHO paclpeseseHa Mo JAJUHE MPOBOJIOKH C JIH-
HeitHoM mIoTHOCTRIO T = 0,1 KT M.

19. YpaBHeHue koneOaHuil MaTeMaTHYECKOTO MasiTHUKA X = 2 Sin (2x t + 7/2), Tae x u3Mme-
psercs B cM. Macca konebmromerocs Tena 5,0 r. Onpenenure MoIHYH0 MEXaHUYECKYIO SHEPTHIO
KOJIEOJTIOIIEeTocs Tena.

20. Temo maccoit 2,0 Kr aOCOJIIOTHO He YIPYro ygapseTrcs O IOKOSIIeecs TeJIo
maccoit 3,0 kr. HaiiTi oTHOIIIeHHe KHHETHYECKUX oHEePIUi J0 U II0CjIe yaapa.

21. Temo mMaccoif M coBepIIaeT TapMOHHYECKUE Kosebanus 1o 3akony X = 0,1 cos (4n t +
n/4), M. Onipesienute MakCUMalbHbIe 3HAYEHHS BO3BPALAIOIIEH CUIIbl 1 KHHETUYECKOM SHEPTHH.
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22. B 6anmnone BMectuMmocTthio V = 25 1 HaxoauTcst BogopoA npu temneparype T = 290 K.
[Toce Toro, Kak yacTh BOJAOPO/Ia U3PACXOJ0BAJIH, JaBlieHHE B OaisioHe moHu3miIoch Ha Ap = 0,4
MlIla. OnpenenuTs Maccy U3pacxo10BaHHOTO BOJOPO/IA.

23. WneanbHblil ABYXaTOMHBIM Ta3, cOAepalluii KOJMYECTBO BellecTBa V = 1 MoJib U
Haxosumiics noj aasienueM p1 = 0,1 MlIla npu Temneparype T1 = 300 K. HarpeBarot npu 1o-
CTOSTHHOM o0BeMe 110 naBneHus p2 = 0,2 Mlla. ITocie 3Toro ra3 M30TepMHUYECKH PACITUPUIICS IO
HAYaJIbHOTO JIaBJICHUS U 3aTeM M300apHO OBLI CKaT 0 HavanbHOro oobema Vi. [loctpouts rpa-
¢uk nukina. Onpenenuts Temneparypy T rasza Juisi XapakTEpHBIX TOYEK IHKJIA U €ro TepMHYe-
ckuit KIT/I.

24. Tlpu uzobapudeckom cxatun azora (N2) coBepuiena padora 12 k/[x. Onpenenuts 3a-
Tpaue€HHOE KOJMYECTBO TEIJIOTHI U U3MEHEHHE BHYTPEHHEH dHEepruu rasa.

25. Kakast yacTh MOJICKYJ BOJIOpoAa, Haxosmmxcs npu temneparype T = 400 K, obnanaer
CKOPOCTSIMU, OTJIMYAIOUIUMHUCS OT HanboJiee BEpOATHOI CKOPOCTH He CcBhIlIe yeM Ha 5,0 m/c?

26. Ilpu HarpeBaHuU JABYXaTOMHOTO UJICAIBHOTO Ta3a (V=2MOJIb) €ro TepMOJUHAMUYECKast
TeMIlepaTypa yBeJIudmiach B N=2 paza. Onpeaenure u3MEHEHUEe YHTPOIIUU, €CITH HarpEeBaHUE
poucXoauT 1) n30XopHo, 2) n306apHoO.

27. Cunrasd, uTo JaBJeHHe BO3ayxa y moBepxuocTr 3emun paBHo 105 Ila, u cumras
TeMIirepatypy Bo3ayxa paBHO 0°C m He HM3MEHAOIIEHCd ¢ BBICOTOH, HAWTH
ILJTOTHOCTD BO3/yXa y IIOBEPXHOCTHA 3eMJIu U Ha BhicoTe 4,0 KM.

28. Onpenenute MOMEHT MHEPIMK | TOHKOrO OJAHOPOAHOTO CTEPXKHS JTHHOU |= 50 cM u
mMaccoid M = 360r OTHOCUTENBHO OCH, MEPIEHAUKYIISIPHON CTEP)KHIO U MPOXOJAIIEH Yyepe3 Tou-
KY, OTCTOSAIIYIO OT KOHIIA CTEP>KHS Ha 1/6 ero IIHHABL.

3- cemecTp
1. B Touky A 3KkpaHa OT UCTOYHHMKA S1 MOHOXpOMaTHYe- G
CKOI'O CBE€Ta JUIMHOM BOJIHBI A = 0,5 MKM IPHUXOJAWT JBa jIy4a: Al <
HEMOCPEACTBEHHO OT UCTOYHHUKA JIyd S1A, HepHeHIuKyIsp- 5 <| 5§
HBIN 3Kpany, u j1yd S1BA, orpakeHHbIH B Touke B oT 3epka- Saeiiss

Jna, napamienabHoro ayuy SiA (puc. 1). Paccrosaue |1 sxpana

OT MCTOYHMKA paBHO | M, paccTosiHue h oT myya S1A 10 MIIOCKOCTH 3epKajia paBHO 2 MM. Onpe-
nenuTh: 1) uro Oyner HaOMI0AaThCs B TOUKE A 3KpaHa — YCHJIEHUE WM ocialleHne NHTEHCUB-
HOCTH; 2) KaKk U3MEHUTCS MHTEHCUBHOCTH B TOUKE A, €CJIM Ha MYTH Jiy4a S1A MepreHIuKyIsIpHO
€My IIOMECTUTh IUIOCKOTapaIeNIbHYIO IJIACTUHKY cTekna (n = 1,55) TonmuHoi d = 6 MKM.

2. PaccrosiHre MexIy IBYMsI KOTEpPEHTHBIMH MCTOYHHMKamu cBera paBHo 0,10 MM, pac-
CTOSIHUE OT UCTOYHUKOB /10 3kpaHa L =2,00 M, mmpuHa nosoc uHTepHepeHun Ha dSKpaHe B
= 1,0 cm. OmnpenenuTs UIMHY BOJIHBI CBETA.

3. Ha myTtu cBeTOBOI BOJHBI, HIYILIEH B BO3JyXe, MOCTAaBWIM CTEKIsHHYIO (N=1,5) mia-
cTuHKY ToimmuHoi 1,0 mm. Ha ckonbko M3MEHHUTCS onNTHYecKas JUIMHA MYTH, €ClId BOJHA
najiaeT Ha IUIACTUHKY: 1) HOpManbHO; 2) mojx yriaom o =30°7

4. Tlpy HOpMaJbHOM MAJCHUU Ha AU(PAKIMOHHYIO PELIETKY CBETa C JUIMHOW BOJIHBI A =
0,50 MKM 0/IMH U3 MAaKCUMYMOB BO3HHKAET TMOJI yIIIOM ¢ = 21°, a HanOoIbIINil OPSIIOK MaKCH-
MyMa paBeH naTi. Halitu nepuon pemerkn

5. Ilpu HOpMaNbHOM MAJCHUM CBETa Ha MU(PAKIMOHHYIO PEHIETKY yrojl Iudpakuuu s
auHud A1 = 0,65 MKM BO BTOpOM mopsjke paBeH 45°. Haiitu yron audpakuuu Ui JUHUHA A2 =
0,50 MKM B TpeTbeM IMOpsAKE

6. Ha cTeknsHHBIA KJIMH HOPMAaJbHO K €0 TpaHM MaJaeT MOHOXPOMAaTHYECKUN CBET C
JUTMHOW BOMHBI A = 0,6 MKM. B Bo3HuKIIIeH 1pH 3TOM MHTEp(EPEHLIMOHHONW KapTHHE Ha OTpe3Ke
nmuHoi | = 1 cm Habmogaercs 10 momoc. OnpeaenuTs NPeTOMISTIONINN YToil 0 KITnHa.

7. Ha nmuadparmy ¢ KpyribIM OTBEPCTHEM PAIMYCcOM r = | MM MajaeT HOpMaJbHO Mapaj-
JIeNbHBINA My4YOK cBeTa JUIMHOU BOMHBI A = 0,05 mxm. Ha myTu myd4eii, nmpomeamux yepes3 oTBep-
CTHE, IOMELIAlOT dKpaH. OnpeaenuTh MaKCUMaIbHOE PAaCCTOSIHUE bmax OT LIEHTPA OTBEPCTHUS J10



CMONTeHCKUA
Hanpaenenue noocomosxku 12.03.02 «Onmomexuuxay ( punuan
Ipoghuns «Onmuko-snexmponnvie nPpUbOPsL U CUCEMbLY \e. d ¥
Memoouueckoe obecneuenue oucyuniunvt b1.0.05 « Duszuxay M

9KpaHa, MpU KOTOPOM B LIEHTpe AU(pPaKIMOHHONW KapTHHBI emie OyneT HabIoJaThCs TEMHOE
IISATHO.

8. Ha mens mupunoit a=0,1 MM HOpMaJIbHO MaJlaeT NapauiesIbHbIN My4OK CBETa OT MOHO-
XpoMaTHieckoro uctoynuka (A=0,6 mxm). OnpeneiauTsb WUPUHY | HEHTPaTbHOTO MaKCUMyMa B
TUGPaKIUOHHON KapTHHE, MPOCLUPYEMOI C MTOMOIIBIO JIMH3bI, HAXOASIIEHCS HEMOCPEACTBEHHO
3a IeJbI0, HAa SKPaH, OTCTOSAIIUN OT JIMH3BI HA paccTosHu L = 1 m.

9. Yron MakcUManbHOM MOJSAPU3ALUHN IPU OTPAXKEHUHU CBETAa OT KPUCTAJUIa KAMEHHOU CO-
au o = 57°05'. OnpenenuTs CKOPOCTh PACIPOCTPAHEHHSI CBETA B 3TOM KPHUCTAJLIE.

10. Yron mexay IUIOCKOCTSMH MPOIYCKaHUsl MOJspU3aTopa U aHanuszatopa paBeH 45°.
Bo ck0aBKO pa3 yMEHBIINTCS MHTEHCUBHOCTD CBETA IPU MIPOX0KICHUH uepe3 nossipuzatop? Bo
CKOJIBKO pa3 YMEHBIIUTCS WHTEHCUBHOCTb CBETA IPHU MPOXO0KJIECHUU YEPE3 CUCTEMY IOJIIpU3a-
Top-aHanu3arop? [lotepu Ha OTpakeHUEe U MOIJIOUIEHUE CBETA KakK B MOJISAPHU3aTOpPa, TAK U aHA-
JU3aTOpe COCTaBIAIOT 5 %.

11. ITydyok ecTecTBEHHOro CBETa MaJaeT Ha MOJHUPOBAHHYK) NOBEPXHOCTh CTEKJISIHHOM
wiactusbl (N = 1,5), norpyxeHHO# B KUAKOCTh. OTpa’KeHHBIN OT IUIACTUHBI IIy4OK CBETa 00pa-
3yeT yroa ¢ =97° ¢ nagaromum nydykoM. OnpenenuTs NoKa3arelb NPEeIOMICHUS Ny KUIAKOCTH,
€CJIM OTPAKEHHBIN CBET IMOJHOCTHIO MOJIIPU30BaH.

12. HaiiTu KOHILIEHTpAlMIO CBOOOAHBIX 3JEKTPOHOB MOHOC(HEPHI, €CIH IS PATUOBOIH C
yactoToil v =100 MI'1 ee mokazatens npeiaomieHus n = 0,90.

13. DHepreTHueckas CBETHMOCTH abCONMIOTHO uepHOTro Tena M» = 3,0 Br/cm?. Onpenenuts
JUTMHY BOJIHBI, OTBEYAIOIIYI0 MAKCUMYMY MCITYCKaTEIbHONW CIIOCOOHOCTH TOTO TeJa.

14. Dnextpuueckas neub norpediaser momHocth N = 500 Br. Temneparypa Ha BHYTpeH-
HEll IOBEPXHOCTH  PU OTKPHITOM HEOOJBIIOM OoTBepcTHH auamerpoM d = 5,0 cM paBHa
700°C. Kakas yactb o moTpeOIiieMOil MOIITHOCTH PacceuBaeTCs CTCHKaMU?

15. Onpenenuth JUIMHY BOJIHBI, COOTBETCTBYIOLIYIO MAKCUMYMY JHEPIHMM H3IY4ECHHUS
JIaMIIbl HaKalIuBaHus, motpedssitomied MmomHocts 10 Br. [Inuna Huty Hakana | = 15 cm, aua-
metp d = 0,03 mm. Huth Hakama wu3aydaer Kak cepoe Teno ¢ ko3 uimeHTom moriomeHus 4
=0,3, a 20% notpebisseMoil SHepruu nepenaeTcs APYruM TelaaM BCIEIACTBHE TEIIONPOBOIHO-
CTH ¥ KOHBEKIIUH.

16. Tpu 3axBare HeiiTpona sapom Li® npoucxomut saepras peakuus Li® + n — T + He* B
KoTopoi Belensiercs 3Heprua Q = 4,8 MaB. Haiitu pacnipenenenue s3Heprun MKy NpoLyKTa-
MU peaKINH, CYNTass KHHETUYECKYIO SHEPTUIO UCXOIHBIX YaCTHUI] TPEHEOPEKUMO MaJIOH.

17. Ilpu cnusiHUM IEUTPOHA C SIAPOM Li® MPOUCXOOUT ANEPHAs peaKk s Li®+d —>n+ Be/,
B KOTOpOil Beiaensaercs 3Heprusa Q = 3,37 MaB. Cuurtas KHHETUYECKYIO SHEPTUIO UCXOJHBIX Ya-
CTHI] MPEeHEOPEKNUMO MaJION, HAWTHU pacIipe/ie]ICHHE SHEPTUN MEXY TPOTYKTaMH PEaKLUU.

18. Ilnockuii amOMUHUEBBIN 3JIEKTPOJ] OCBEIIAETCS YAbTPAPHUOIETOBBIM CBETOM C IJTMHON
BoaHBI A = 8,30 x 10 M. Ha kakoe MakcHMaibHOE PACCTOSHHE OT MOBEPXHOCTHU DIEKTPOIA MO-
KET YyOAIUThCA (POTOZEKTPOH, €CIIM BHE 3JIEKTPOJa UMEETCs 3P KUBAIOIIEE IIIEKTPUUECKOE
none HanpsikeHHocTd E = 7,5 B/cm? Kpacnas rpanuna dororddexra ans amtoMUHAS COOTBET-
CTBYET JJIMHE BOJHBI A = 33,2 X 108 m.
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MeToauveckue peKOMEHIAlMU K pacueTHO-rpapuueckoi padore
10 JUCHHUILUIAHE

PU3NKA

(HAUMEHOBAHME JUCLUTIIMHBI)
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1. Uenu n 3agaun, o6bem pacueTHo-rpadmyeckon paboTbl No AUCLUUNIINHE

Ilenps pacueTHO-rpaduueckoil paboTsl N0 JUCUUILIMHE «DU3HKa» — 3aKpEIIEHUE COOTBET-
CTBYIOIIETO JIGKIIMOHHOTO MaTepualia AUCIUILTUHEL.

PacuetHo-rpaduueckass padbota BbionHsercs B 1-M u 3-M cemectpax. Ha Bbimosnenue
KaX/10i pacdyeTHo-rpaduueckoil padorsl npeanonaraercs 0,5 3.e., 18 yacoB (M3 umcna 4acos,
BBIJICJIIEMBIX B YU€OHOM IJIaHE HA CAMOCTOSITEIbHYIO PabOTy CTYJEHTOB).

Temsbl pacueTHO-TpaduyecKux padoT
1. ®usnueckue 0OCHOBbI MEXaHUKU. MoJeKyIsipHO-KHMHEeTHYecKast Teopus. OCHOBBI T€pPMOAMHA-
MUKH.

2. OnTtuka. KBaHTOBas mpupoaa U3aydeHusl.

2. 3apaHue Ha pac4yeTHo-rpacduyeckyro paboty no gucuunnuHe
[TepeueHs MHAWBHIYATBHBIX 33JaHUA pacdeTHO-rpaduIecKoil paboThl (B COOTBETCTBUU C

HOMCPOM CTYJACHTA B )KYpHAJIC rpynnLI) IIpUBCICH B Ta6n1/1uax:

BapuanTe! BoinojiHenuss PI'P no ¢pusuke, 4.1

BapHaHT Ne 3adanus
1 1.1 2.2 3.3 4.1 5.1 6.10
2 1.2 2.3 34 4.2 5.2 6.2
3 1.3 24 3.5 4.3 5.3 6.3
4 14 25 3.6 4.4 5.4 6.4
5 1.5. 2.6 3.7 4.5 5.5 6.5
6 1.6 2.7 3.8 4.6 5.6 6.6
7 1.7 2.8 3.9 4.7 5.7 6.7
8 1.8 2.9 3.10 4.8 5.8 6.8
9 1.9 2.10 3.1 4.9 5.9 6.9
10 1.10. 2.1 3.2 4.10 5.10 6.10
11 1.1 2.2 3.3 4.1 5.1 6.3
12 1.2 2.3 3.5 4.2 5.2 6.4
13 1.3 2.4 3.6 4.3 5.3 6.5
14 14 25 3.7 4.4 5.4 6.6
15 1.5. 2.6 3.8 4.5 5.5 6.7
16 1.6 2.7 3.9 4.6 5.6 6.8
17 1.7 2.8 3.10 4.7 5.7 6.9
18 1.8 2.9 3.2 4.8 5.8 6.10
19 1.9 2.10 3.3 4.9 5.9 6.1
20 1.10. 2.1 34 4.10 5.10 6.2
21 1.1 2.2 3.5 4.4 5.1 6.3
22 1.2 2.3 3.6 4.5 5.2 6.4
23 1.3 2.4 3.7 4.6 5.3 6.5
24 14 25 3.8 4.7 5.4 6.6
25 1.5. 2.6 3.9 4.8 5.5 6.7
26 1.6 2.7 3.10 4.9 5.6 6.8
27 1.7 2.8 3.3 4.10 5.7 6.9
28 1.8 2.9 3.4 4.2 5.8 6.10
29 1.9 2.10 35 4.3 5.9 6.4
30 1.10. 2.1 3.6 4.4 5.10 6.5
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Bapuantsl Beinosinenusi PI'P, u.3

BapHaHT Ne 3a0anus

1 1.1 2.1 3.1 4.1 5.1 6.1 7.1 8.1
2 1.2 2.2 3.2 4.2 5.2 6.2 7.2 8.2
3 1.3 2.3 3.3 4.3 53 6.3 7.3 8.3
4 1.4 2.4 3.4 4.4 54 6.4 74 8.4
5 1.5. 2.5 3.5 4.5 5.5 6.5 7.5 8.5.
6 1.1 2.2 3.3 4.4 5.1 6.2 7.3 8.1
7 1.2 2.3 3.4 4.5 5.2 6.3 7.4 8.2
8 1.3 2.4 3.5 4.1 53 6.4 7.5 8.3
9 14 2.5 3.1 4.2 5.4 6.5 7.1 8.4
10 1.5. 2.1 3.2 4.3 5.5 6.1 7.2 8.5.
11 1.1 2.3 3.4 4.5 5.1 6.3 74 8.1
12 1.2 2.4 3.5 4.1 5.2 6.4 7.5 8.2
13 1.3 2.5 3.1 4.2 53 6.5 7.1 8.3
14 14 2.1 3.2 4.3 5.4 6.1 7.2 8.4
15 1.5. 2.2 3.3 4.4 55 6.2 7.3 8.5.
16 11 2.4 3.5 4.1 5.1 6.4 7.5 8.1
17 1.2 2.5 3.1 4.2 5.2 6.5 7.1 8.2
18 1.3 2.1 3.2 4.3 53 6.1 7.2 8.3
19 14 2.2 3.3 4.4 5.4 6.2 7.3 8.4
20 1.5. 2.3 3.4 4.5 55 6.3 74 8.5.
21 11 2.5 3.1 4.4 5.1 6.5 7.1 8.1
22 1.2 2.1 3.2 4.5 5.2 6.1 7.2 8.2
23 1.3 2.2 3.3 4.1 53 6.2 7.3 8.3
24 14 2.3 3.4 4.2 5.4 6.3 7.4 8.4
25 1.5. 2.4 3.5 4.3 55 6.4 7.5 8.5.
26 1.1 2.1 3.2 4.5 51 6.1 7.2 8.1
27 1.2 2.2 3.3 4.1 5.2 6.2 7.3 8.2
28 1.3 2.3 3.4 4.2 5.3 6.3 7.4 8.3
29 14 2.4 3.5 4.3 5.4 6.4 7.5 8.4
30 1.5. 2.5 3.1 4.4 55 6.5 7.1 8.5.

PACUETHO-TPAOUYUYECKAS PABOTA Ne 1
1. 3akousl HeloTOoHA

1.1. I'py3b1 Mmaccamu M=1,0 KT 1 M CBsI3aHbI JIETKOW HEPACTSXKUMOMN HU-

ThIO, MepeOPOIIEHHBIN Yepe3 OJI0K, 0 KOTOPOMY HUTh MOXET CKOJIb3UTh

6e3 TpeHus (cM. puc.) I'py3 Maccoit M HaxoAauTcs Ha ILIEPOXOBATOMN i
HaKJIOHHOM IJIOCKOCTH (YroJl HaKJIOHA IJIOCKOCTH K Topu30HTYy o = 30°, &

ko3 PuuueHt tpenus | = 0,3). Uemy paBHO MaKCHUMalbHOE 3HAUYECHUE

Macchl M, IpU KOTOPOM CHCTEMA IPY30B €IlI€ HE BBIXOJUT U3 NEPBOHAYAIBHOIO COCTOSIHUS I0-
Kos?

1.2. I'py3, nexxamui Ha CTOJIE, CBA3AaH JIETKOW HEPACTSLDKMMOM HUTBIO,  F
nepeOpoIIeHHbIN Yepe3 uaeanbHblil 010K, ¢ Tpy3oM Maccoi 0,25 kr. Ha .
NEepBBIN IPy3 JEHCTBYET rOpU30OHTANIbHAS MTOCTOSIHHAS cuila F, paBHas mo T

moxayio 9,0 H (cm. puc.). Bropoii rpy3 nBmwxkercs ¢ yckopenuem 2,0
M/c?, HampaBIeHHBIM BBEpX. TpeHHEM MeXIy IPy30M M TIOBEPXHOCTBIO
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ctona npeHedpeys. KakoBa macca nepsoro rpysa?

1.3. JIBa rpy3a, Maccbl KOTOPBIX M2 ¥ M1, COEINHEHBI TOPU30HTAIIBHON HUTBIO U JIeXKAT Ha Iyal-
KO TrOpU30HTaIbHOU NoBepxHocTU. K nepBoMy rpy3y npunoxeHna cuna F, HaripaBieHHas B10JIb
HUTH. OnpesenuTh yCKOpEeHUe rpy30B U HaTsbkeHue HUTH. KoappuuueHT TpeHus Mexay rpy3omMm
U IUIOCKOCTBIO L.

1.4. 3a kakoe BpeMsi TeJIO CITYCTUTCS C BEPUIMHBI HAKJIOHHOM MJIOCKOCTH BBICOTOM 3,0 M U yIrjioM
y ocHOBaHMs 60°, eciiM MaKCUMAaJIbHBII Yroji y OCHOBaHUS HAKIIOHHOW IIOCKOCTH, IPU KOTOPOM
TEJIO HaXOAUTCS Ha HEeHl B oKoe, paBeH 30°7?

1.5. Bpycok, cKOnb3sUIMi [0 TOPU30HTAIbHOM MOBEPXHOCTH, OCTAaHOBWIICS uepe3 t cekyHn.
Hauanbnas ckopoctb Opycka Lo. Onpenenuts K03 puiueHT TpeHns Mexy OpyckoM U TOBEpX-
HOCTBIO.

1.6. .Bpycok NeXUT HAa TOPU3OHTAIBHON MOBEPXHOCTH. ONpenenuTs CHily, KOTOPYIO HaJI0 MpH-
JIOXKUTb K OpycKy Maccoil m = 1 kr, yToObl CABUHYTH ero ¢ MecTa. Koadduument Tpenns Mex-
ay OpyckoM u mockoctbio 1= 0,1. Yron a =30°.

1.7. ABToM06MIL Maccoit M = 10* kr BusKeTCS CO CKOPOCTBIO V = 10 M/C MO BBIMYKJIOMY MOCTY,
npeacTaBisitonieMy coboil nayry okpyxHoctd R = 100 M. C xakoil cuioil 1aBUT aBTOMOOUITb
Ha MOCT B Touke A, eciu yron o = 30°7

Jlunusa OB - BepTukab.

1.8. Teno maccoit m = 10 Kr JEKUT HA MEPOXOBATOM TOPU30HTAIBHOM cToje. Koadduument
TpeHUsI MeXAy TeJoM U ctojoM u = 0,5. Ha Teno HaunHaeT nelcTBOBaThH CUjla MOJ YIJIOM « =
713 k ropu3oHTY. MOyJb CHITBI H3MEHSIETCSI BO BpeMeHH 110 3akony F = bt, rne b = 0,5 H/c. Ye-
pe3 Kakoi MPOMEXYyTOK BPEMEHH I10CJI€ Hayaja IeHCTBUS CUJIbI TEJIO HAYHET JBUKEHHE?

1.9. Teno maccoit M = 1 Kr IBIXKETCS TO BepTHKaIbHOU cTeHe. K Temy mpunoxkena cuina F =
100 H, nanpasiennas mox yrinom « = 30° k Beprukamu. KoappuimeHT TpeHns MeKIy TEIOM U
creHor p=0,1. OnpenenuTs ycKOpeHHE Tena a.

1.10. Ha HaKJIOHHON TUTOCKOCTH C YIJIOM HakKJOHA ¢ HAXOAMTCS TEJIO Maccoi M, Ha KOTOpoe
JIefcTBYeT cuila MapajulebHO OcHOBaHUIO. KakoBa joikHA OBITH BETMUMHA 3TOW CHJIBI, YTOOBI
TE€JI0 PaBHOMEPHO MMOJAHUMAJIOCh BBEPX MO HAKJIOHHOM IutockocT. Koadduunent tpenus tena o
IJIOCKOCTh PAaBEH AL

2. 3aKOHBI COXpAHEHHUsS] HMITYJIbCa U JHEPTHH

2.1. bpycok Mmaccoit 100 T cKONB3UT 6€3 TpeHHs M0 HAKJIOHHOMY 3Kelo0y, a 3aTeM ABHKETCS TI0
«MepTBOH TIeTsie» paauycoMm R. Beicota, ¢ koTopoit oTimyckarot Opycok, paBHa 4R. Kakyro cuity nas-
JICHHSI IPOU3BOAUT OPYCOK B BEPXHEH TOUKE METIN?

2.2. Hebonbiias 1maiiba nocie yaapa CKOJIb3UT BBEPX 110 HAKJIOHHOM IIOCKOCTH U3 T. 4 (cM.puc.). B
TOYKE B HaKJIOHHAs IJIOCKOCTh 0€3 U3JI0Ma MEPEXOUT B HAPYKHYIO I10-

BEPXHOCTB TPYObI paanycoMm R. Ecimu B Touke 4 cKOpOCTh 1I1aifObI mpe-

BocxouT Vo= 4 M/c, To B Touke B 1maii6a otpsiBaeTcs ot onopsl. JnHa Vo
HakJIOHHOH TockocTd AB = L= 1 M, yron o = 30°. Koaddurment tpe-
HUSI MEXY HaKJIOHHOM IUIOCKOCTBIO M maiboit | = 0,2. Haiitu BHem-
HUI paanyc TpyOs! R. A

B

R
@
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2.3. Ilynsa maccoii 10 T, ynereBmias TOpU30HTAILHO cO cKopocThio 500 m/c, yaapuiack O TEo
Maccoit 2,0 Kr u 3acTpsuia B HeM Ha riyouse 6,0 cMm. HaliquTe cpemHio Cuily COMpOTHBIICHUS
MaTepuaia Teja JBUKEHHUIO MyJIH.

2.4. TTpou3BoauTCS KATHOPOBKAa OATMCTUYECKOTO MAasiTHUKA. BallIMCTHYEeCKH MasSTHUK MPEJ-
CTaBJsieT cOOOM yCTpOMCTBO, COCTOSIIEE M3 HUTU JUIMHOW 2,0 M, Ha KOTOPOM IOJIBEILIEH He-
00JIb1I0# MK ¢ IeckoM Maccoit 2,0 kr. [lyns maccoit 20 1, neTsias ropu30HTAIBHO, TOMa1aeT
B AILIUK U 3acTpeBaeT B HeM. Onpesenure yriibl OTKJIOHEHUS! HUTH MasiTHUKA IIPU CKOPOCTAX IMy-
au 200, 300 u 400 m/c.

2.5. I'py3 maccoii m -140 kr magaer Ha cBaro Maccoii M = 450 kr ¢ BeicoTsl h = 2,0 M. Haiitu
CPEIHIOI0 CUJTYy COTIPOTHUBIICHHUS IPYHTA, €CJIM B pe3ylibTare abCONIOTHO HEYIPYroro yaapa cBas
YXOJUT B 3eMJIIO Ha r1youny S=6,0 cm.

2.6. Kamens maccoii m nazgaet ¢ BbicoThl H. Onpenenuts riryOMHY HOrpy>KEeHHUs! KaMHsI B 3eMJIIO,
€CJIM CpEeJIHsS CUJla COMPOTUBIIEHUSI, C KOTOPOI 3eMiisd JeiCTBYeT Ha KaMeHb, paBHa Fc.

2.7. YenoBek, HaXOASIIUNCS B JIOAKE, IEPEXOIUT C HOca Ha KopMmy. Ha kakoe paccrosiHue S me-
pemecTtuTcs Jioaka anuHoi L= 3,0 m, ecniu macca dyenoBeka M = 80 kr, a macca jgoaku M = 120
Kr? ColpoTUBIIEHUE BO/IbI HE YUYUTHIBATh.

2.8. C ropsl BbicoTO h =2,0 M ¥ YIJIOM HaKJIOHA K TOPH30HTY Ol = 7/6 ChE3KAIOT CAHKHU, KOTO-
pBI€ OCTaHABIUBAIOTCS, Mpoiast myTh S = 20 M OT ocHOBaHMs ropel. Haliti koaddunmenT tpe-
HUA . B HavanpHBI MOMEHT BPEMEHHM CKOPOCTh CAHOK PaBHA HYJIIO.

2.9. Kakoil myTh nmpoijer maiida 10 0CTaHOBKHU, €CJIM €€ MyCTUTh BBEPX IO IUIOCKOM JIEASHOU
TOpKe ¢ HadanbHO# ckopocThio VO? KoadduuueHT TpeHus maiosbl o e L, YroJl HaKJIOHa rop-
KU OL.

2.10. Teno HauMHAET CKOJIB3UTH BHU3 110 HAKJIIOHHOM IIJIOCKOCTH, COCTABIIAIOIIEN C TOPU3OHTOM
yrois o.. B HMJKHEN TOUKe TENo yAapseTcss O CTEHKY, IIOCTABICHHYIO NEPIEHIUKYIIIPHO HAlpaB-
JICHUIO IBMOKEHUS. Y 1ap abcomoTHO ynpyruid. Onpenenuts Ko3(QGUIMEHT TPEeHUs MEXAY II10C-
KOCTBIO U TEJIOM, €CJIM ITOCJIE y1apa TEJNO MOIHAIOCH /10 MOJOBUHBI IEPBOHAYAIbHOU BBICOTHI.

3. lnHaMHKa BPaILIATEILHOTO IBHKEHUS
3.1. Ha oHOpO/HBII CIUIONIHON IIIMHAPHYECKUi Bal paqycoM R = 50 cM HamoTaHa Jierkast HuTh, K
KOHITy KOTOPOH MPUKPEIUIEH Ipy3 Maccol M = 6,4 kr. ['py3, pa3MaTsIBasi HUTh, OITCKAa€TCsI C yCKOpe-
HIeM a = 2 m/c?. Onpenermte: 1) MOMeHT HHepIH J Baja; 2) Maccy M Baa.

3.2. ToHKHX OJHOPOAHBIH crepkeHb uHOM | =1,0 M MoxeT CBOOOIHO Bpa-
aThCs BOKPYI TOPU3OHTAILHOM OCH, Tpoxojsmed uepe3 T.0 Ha cTepkHE
(cMm.puc.). CTepkeHb OTKJIIOHWIM OT BEPTHKAIH Ha yroi o U ornyctwin. Ompe-
JICTTUTh TS HAYaJIbHOTO MOMEHTA BPEMEHH YIJIOBOE M TAHTCHI[HAIBHOE YCKOpE-
Hust ToukH B Ha crepkne. [punsares a=0, b =21/3, o = n/2.

3.3. Uepes Gnok, nveronwii popMy IHcKa, IEpeKUHYT MHYp. K KoHIIam 1mHypa npussi3a-
mm rpy3uku Macco 71 = 100 T 1 mz = 110 r. C KakuM yCKOpeHUeM a OyIlyT IBUTaThCs IPY3UKH, €CIIU
Macca m 61oka paBHa 400 r? TpeHue npu BparieHuy 6J10Ka HIYTOXHO MaJIo.
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3.4. Ha ropu30oHTaIbHYIO OCh HACAKCHbI MAaXOBHK W JIETKH IIKUB paaumycoM R = 5 cm. Ha mikuB
HAMOTaH IIHYpP, K KOTOPOMY MpuBs3aH rpy3 maccoit m = 0,4 kr. Omyckasch paBHOYCKOPEHHO, IPY3
npomren myth S = 1,8 M 3a Bpems t = 3 ¢. OnpeaenuTs MOMEHT HHEPIIMK MaxoBHKa. Maccy IIKHUBa CUM-
TaTh MPEHEOPEKUMO MATIOH.

3.5. TOHKHX OJHOPOAHBIN crepkeHb mauHOM | =1,0 M MokeT cBOOOIHO Bpa-
IaThCs BOKPYI TOPU3OHTAJILHOM OCH, mpoxoisuie yepe3 T.0 Ha CTepKHE
(cm.puc.). CtepkeHb OTKJIOHWIM OT BEPTUKAIU HA yroi o U otnycTwin. Ompe-
JEIUTh JJIs HA4YaJIbHOTO MOMEHTA BPEMEHH YIJIOBOE M TAHTE€HIUAIBHOE YCKO-
penus Touku B Ha crepxkue. [Tpunste a=1/3, b =, o = n/3.

3.6. MaxoBuk, Maccy M = 5,0 KT KOTOpOro MOKHO CUMTaTh pactpeIeieHHOM 110 0001y

pamyca I = 20 cM, cBOOOTHO BpalllaeTcsi BOKPYT TOPH30HTAIBHON OCH, IPOXOJISIIICH Yepes3 ero eHTp, ¢
gacToToit N = 720 Mun™. ITpn TOPMOKEHHH MAXOBHK OCTAHABIIMBAETCS Yepe3 TIPOMEXKYTOK BpeMeHn At =
20 c. Haiitt TOpMO3SIIIIMiII MOMEHT U YHCII0 000POTOB, KOTOPOE CIETAET MAXOBHK JI0 TIOJTHOM OCTAHOBKH.

3.7. Ha uunuHap HaMOTaHa TOHKas rMOKas HepacTsHKUMasi HUTh, MacCoOM KOTOPOM 0 CPaBHEHUIO
C Maccod HMIMHIPAa MOXHO mpeHeOpeds. CBOOOIHBINM KOHEI! JICHTHI MPUKPEIIN K KPOHIITEHHY, 1
NPEIOCTABUIIA LIMIMHPY OITyCKAaThCs IO/ JEHCTBUEM CHIIBI TshkecTU. ONpenenuTh IMHEHHOE YCKOPEHUe
@ OCH LIWJIMH/IPA, €CJIU LIUTMHAP IOJIbIA TOHKOCTEHHBIN.

3.8. Teno maccoit m1 = 0,25 Kr, cOeIMHEHHOE HEBECOMOIN HEPACTSKUMOU HUTHIO TOCPEICTBOM
0Ji0Ka (B BUJIE MOJIOTO TOHKOCTEHHOT'O IUJIMHJIPA) C TeoM Maccoil mz = (),2 KT, CKOJB3UT IO TO-
BEPXHOCTH TOPU30HTATILHOTO crojia. Macca 61oka m = 0,15 xr. Koaddurment tpenus tena o nmoBepx-
HocTh L = 0,2. [IpeneOperas TpeHreM B MOIIMITHUKAX, ONpenenuTe: 1) yckopeHue a, ¢ KOTopbIM Oy-
JyT JBUTATHCS 3TH Tena; 2) cuiibl HaTsbkenus T1 1 T2 HutH 1o 06e cTOpoHbI OJ10Ka.

3.9. ToHKHX OHOPOAHBIN cTepxeHb muHOoU | =1,0 M MOXeT CBOOOIHO BpaIaThCsI
BOKpPYT' TOPU3OHTAJIBHOM OCH, mpoxojsmieii uepe3 T.O0 Ha cTepkHe (CM.puc.).
CrepKeHb OTKIOHWJIM OT BEPTHKAIM HA YroJl oL U OTHyCTHIU. OnpenenuTs s
HAYaJIbHOTO MOMEHTAa BPEMEHH YTJIOBOE M TAHTCHIMAJIBbHOE YCKOPEHHUs TOYKH B
Ha crepxkHe. [punstes a=1/4, b =1/3, o = 27/3.

3.10. Ha unnuuaap HamoTaHa TOHKasi THOKasi HepacTsKuMasi HUTh, MacCOM KOTOPOM MO CpaBHEHUIO
C Maccol IMIMHIpa MOXKHO mpeHeOpeyb. CBOOOIHBINA KOHEIL! JIeHThI MPUKPENIN K KPOHIUTEHHY,
NPENOCTABUII LIMJIMHJIPY OITYCKAaThCs MOJT IEUCTBUEM CHIIBI TSDKECTH. ONPEAeUTh TMHEHHOE YCKOPEHHUE
OCH LIMJIMH/IPA, €CIIM LIMIMH/IP CIIJIOIIHOM.

4. 3aK0H cOXpaHEeHHsl MOMEHTa HMITYJIbca

4.1. B nentpe ckambu JKyKOBCKOT'O CTOUT YEJIOBEK M JACPIKHUT B pyKax CTepieHb JunHO# | = 2,4 M 1 mac-
coif m = 8,0 Kr, pacroi0XeHHbI BEPTUKAIBHO 10 OCH BpalleHus ckamelku. Ckameilka ¢ 4elIoBEeKOM
Bpamaercs ¢ yacTotoi Ny = 1 ¢, C kakoif 9acToTol Ny GyNeT BpamaThCs CKaMbs C YEJI0BEKOM, €CIIU OH
MOBEPHET CTEPKEHb B TOPH3OHTAIBHOE MOJIOKEHHE (OCh BpAIIEHUS MPOXOIUT Yepe3 LEHTP CTEPKH:)?

CyMMapHBIii MOMEHT UHEPIMK J YeTOBEeKa U CKaMbH paBeH 6,0 KT M2 .

4.2. ToHKHX OJHOPOJHBII cTepxkeHb Macco M = 0,2 kr u anunoit | =1,0 M MOXkeT cBo- ol
00/THO BpalaThCs BOKPYT TOPU3OHTAIBHON ocH, poxojsmien yepe3 T.0 (cM.puc.). B Tou- ¢
Ky A Ha CTep>KHE MOMAaJaeT MIACTUIMHOBBIA APUK, JETAIINN TOPU30HTAIBLHO CO CKOPO-
cteio V =10 M/c u npuwimnaer K crepxkHio. Macca mapuka pasHa M = 10 r. Onpeaenutsb
YIJIOBYIO CKOPOCTh CTEPXKHS U JTUHEHHYIO0 CKOPOCTh HMKHETO KOHIIA CTepxHs, eciau AO =
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4.3. Ilnatdopma B BuAE MUCKA Bpallayiach IO MHEPIIUK BOKPYT BEPTHKAIBHOM OCH ¢ yacToTod N1 = 0,5 ¢
!, Ha kparo miaTopMsI cTos1 yenoBek Maccoii m = 70 kr. Korja oH meperen B HeHTp miaTQOpPMEL, Ya-
crota Bo3pocna 10 Nz = 1,5 ¢ L. Onpenenurs maccy miargopmbl. MOMEHT UHEPIMH YEIOBEKA PACCYUTHI-
BaTh KakK JUII MaTCPUATBHON TOUKH.

4.4. Kpyrnas nnardopma paauyca R = 1,00 M, MoMeHT unepiu kotopoii J = 130 kr mM?, Bpaiaercs no
WHEPIMH BOKPYT BEpTHKaIBLHOU ocH, nenast N1 = 1,00 06/c. Ha kparo mimaTgopMbl CTOUT YeIOBEK, Macca
koToporo m = 70 xr. CkoJbKo 000pOTOB B CeKyHIy N2 OyAeT coBepiuaTh IiIaTgopma, eClid YeJIOBeK Ie-
peiiner B ee LeHTp? MOMEHT HHEPLHUH YeJI0BEKa pacCunTaTh Kak JJIsl MaTepUaIbHON TOUKH.

4.5. Ilnardopma, umerommas (popMy CIUIONIHOTO OJHOPOTHOTO TUCKA, MOXKET BPAIIAThCs TI0 WHEPIIUU BO-
KpYT HETIOJBIKHOW BepTHUKaIbHON ocu. Ha kparo mmatdopMbl CTOUT YeI0BeK, Macca KOTOpPOro B 3 pasa
MeHbIIIe Macchl Tathopmel. OnpenenuTe, Kak U BO CKOJIBKO pa3 M3MEHHUTCS yTIIOBas CKOPOCTH Bpaliie-
HUS TUIaT(OPMBI, €CITH YeIOBEK MepeiieT Oirke K MEHTPY Ha pacCTOSHUE, PaBHOE MOJIOBHHE paiiyca
IaT(OPMEL.

4.6. TOHKHX OXHOPOIHBIN cTepxkens Maccor M = 0,2 xr u mamunoi | =1,0 M MOXKeT cBo- v 4
00ZHO BpaIIaThCS BOKPYT TOPU3OHTAILHOW OcH, poxosimei yepes 1.0 (cM.puc.). B Tou-
Ky A Ha CTEp)KHE MOMafaeT MIACTUINHOBBINA APUK, JETSIUA TOPU30HTAIBHO CO CKOPO- I
cteio V =10 mM/c 1 npuimnaet K cTepxkHio. Macca mapuka pasHa M = 10 r. Onpenenuts

YTJIOBYIO CKOPOCTB CTEPKHS U JIMHEHHYIO CKOPOCTh HM)KHETO KOHIIA cTepKHs, eciu AO =
I/3

4.7. B nentpe ckambi JKyKOBCKOTO CTOUT YEJIOBEK M JCPXKHT B PyKaxX CTEpxeHb JutnHoi | = 2,4 M u mac-
coil m = 8,0 Kr, pacnoJ0KEHHBII BEPTUKAJIBHO MO OCU BpalieHus: ckaMelku. Ckameilka ¢ 4elI0BEKOM
Bpammaercs ¢ yactoToi Ny = 1 ¢t C kakoli yacToToM N, GyAeT BpamaThes CKaMbsi C YEIOBEKOM, €CIIH OH
MOBEPHET CTEP)KEHb B TOPU30HTAIBHOE IMOJIOKEHHE (OCh BPALICHUS MPOXOIUT Yepe3 KOHEl CTepiKH:)?
CyMMapHBIii MOMEHT UHEPLMK J YeTOBEKa U CKaMbH paBeH 6,0 KT M2 .

4.8. Tonkwuii crepxens Maccoit 300 r u amuHON 50 cM Bparraercs ¢ yrioBoil ckopocteio 10 c-1 B ropu-
30HTAJIBHOM TJIOCKOCTH BOKPYT BEPTUKAIBLHON OCH, MTPOXOJAIIEN Uepe3 cepeiuHy crepkHs. Haltu yrio-
BYIO CKOpPOCTb, €CITH B NPOIIECCE BPAIEHHUs B TOU )K€ TUIOCKOCTH CTEpP)KEHb MEPEMECTHTCS Tak, YTO OCh
BpallleHUs IPOHIET uepe3 KOHEl[ CTEPIKHS.
V. A

4.9. TOHKHMX OJHOPOMHBIH cTepikeHb Maccoit M = 0,2 kr u amuHOM | =1,0 M MOKeT CBOOOIHO
BpalIaThCsl BOKPYT TOPU3OHTAIBHON ocH, npoxomsmei yepe3 1.0 (cm.puc.). B Touky A Ha
CTEepIKHE TONajaeT IIACTWINHOBBIN IIAPHK, JICTSIIUN TOPU30HTAIBHO co cKopocThio V =10
M/C U TIpWIIMIAaeT K crepxHi0. Macca mapuka paHa M = 10 r. OnpeaenuTs yrioByrO CKO-
POCTh CTEPIKHS U JIMHEHHYI0 CKOPOCTh HIXKHETo KOHIIA cTepxHs, ecin AO = I/4

4.10.ITnatdopma B BuJIe TUCKaA Bpalliajach 10 HHEPIMU BOKPYT BEPTUKAJILHOM OcH ¢ yacTtoror ni = 1,0
c. Ha kparo muatdopmsl cTOSN 4enoBek maccoi M = 75 kr. Korya o mepemen B EHTP IAaTGOPMBI,
gacToTa Boszpocna 10 Nz = 2,0 ¢, Onpepenuts Maccy miatpopMbel. MOMEHT HHEPLHH YEIOBEKA PACCUH-
ThIBATh KaK JJIA MaTepHaﬂBHOﬁ TOYKH.
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5. [lepBoe HAYaJI0 TEPMOIMHAMUKHI

5.1 Ilpu aguabaTHOM paclIMpeHUH KUcIopoa ¢ HadainbHoU TeMiieparypoil T = 320 K BHyTpen-
Hss SHeprus ymenblmmiack Ha AU = 8,4 kJIk, a ero oobeM yBemmuuics B N = 10 pa3. Onpene-
JIUTh MacCy M KUCJI0pOoaa.

5.2. bamnon emkocteio V = 20,0 1 ¢ kuciopoaom nipu masinernu 100 at u temneparype u = 7°C
HarpeBaeTcs 110 Temneparyp! 27°C. Kakoe komMuecTBO TEIIOTHI IPU 3TOM Horiouaer ras. Onperne-
nmTe paboTy Ta3a B 3TOM MPOLECCE U U3MEHEHHE €r0 BHYTPEHHEH SHEPIHH.

5.3. Kucnopox 3auumaer oobem Vi = 1,0 M® u Haxomutes noj masienuem p1 = 200 xlla. T'a3
HAarpeBaloT CHAyasa IIPH MOCTOSHHOM JaBJIeHnH 10 o0beMa V2 = 3,0 M°, a 3aTeM NpH MOCTOSHHOM
oobeme 1o paienus p2 = 500 kI1a. TToctpouts rpaduk nporiecca u HalTH: 1) KI3MEHEHHE BHYTPEH-
Hell SHEpruu; 2) COBEPIICHHYIO PadoTy, 3) KOJIMYECTBO TEILUIOTHI, IEPEIAHHOE Ta3y.

5 4 B mumHApe noJ MopiiHeM HaxoauTcest Bogopox Maccoid m = 0,02 kr npu temnepatype T1 =
300 K Bonopoxa Hauan pacmupsThesi aauadaTHO, YBEIMYMB CBOW 0OBEM B IATh pa3, a 3aTeM ObLI
CKaT M30TEPMUICCKH, ITpHYeM 00beM YMEHBIIWJICS B IsATh pa3. Haiitu temmneparypy T2 B KOHIIE
anuabaTHOTO pacipenus U paboTy, coBepIieHHYo razoM. M300pa3uts npoiecc rpadudecKky.

5.5. I'a3 pacumpsiercs Tak, 4To B KoopauHaTax p,V npouecc nzobpaxaercs npsmoit aunueil. B
HaYaJIbHOM COCTOSIHUU AaBjieHue ra3a paBHo p = 0,10 MIla, a 3anumaemsbrii oobem V =5,0 1. B
KOHEYHOM COCTOSIHUH JIaBJIICHUE paBHO p/2, a 00beM — 2V. HaiiTu KonndecTBO TeIoTHI, CO00-
meHHoe razy. HapucoBats rpaguk npouecca B KoopauHatax p,V.

5.6. O6bem 160 1 kucnopoza, TeMneparypa koroporo 27°C, npu n300apHOM HarpEBaHUH yBEITHYHII-
cst BaBoe. Haiitu paboTy rasa npu pacimpeHuu, KOJIMYeCTBO TEIUIOTHI, KOTOPOE MOIUIO Ha HarpeBa-
HHE KHCIIOPO/1a, N3MEHEHNE BHYTPEHHEH SHEPIUH.

5.7. Kucnopon Maccoit m =0,30 kr npu temneparype T = 300 K oxnaaninm u30XopHO, IpU 3TOM
€ro JIaBJIeHue YMEHBIIIIOCH B 3 pa3a. 3aTeM ra3z u300apHO Harpeiu A0 NepBOHAYaIbHOM TeMIe-
patypsl. Kakyro paboty coBepimi ra3?

5.8. B uunuHape nox HEBECOMBIM MOPIIHEM IPU HOPMAJIBHBIX YCIOBUSX HAXOJUTCS ra3 Maccou
m = 2,0 kr. Temneparypa raza ysenuuuaercss Ha AT = 100 K. Haiitu paboty, coBepiiaemyro
ra3oM NpH pacupeHuu. [Ipy HOpManbHBIH yCIOBUAX MIOTHOCTH Tasza po= 1,4 Kr/M°, naBnenue
po=0,10 MIla, Temneparypa T, =273 K.

5.9. OnuH KUJIOMOIb TeNust U300apUUeCKH pacIIupHiICs TakK, 4YTO TeMIepaTypa raza yBelIuyu-
nach Ha At = 20°C. Onpenenuth U3MEHEHHE BHYTPEHHEN SHEPTUU ra3a, COBEpIICHHYIO UM pabo-
Ty U KOJIMYECTBO TEIJIOThI, COOOIIEHHOE ra3zy.

5.10. Azot maccoit m = 280 r, pacumpsieTcs B pe3yibTaTe U300apHOTro Impoliecca MpH JaBIeHUN
p = 1,0 MIla. Onpenenuts: 1) paboTy pacuinpenus, 2) KOHEUHbII 00beM ras3a, €cii Ha pacilu-
penue 3aTpauena reriora Q = 5,0 k/[x, a HayanpHas Temnepatypa T1 =290 K.

6. Mexann4yeckne KoJe0aHusI U BOJTHbI

6.1.'ups maccoit 500 r mojBeIeHa Ha CIMPAIBHON MPYXHUHE KecTKocThio K = 20 H/M u coBep-
IaeT ynpyrue xojebaHusi B HEKOTopoi cpene. Jlorapudmudeckuil 1eKpeMeHT 3aTyxaHus 0 =
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0,004. Onpenenuts uncio moiaHbix Konedanuii (N), KOTOpbIE JOMKHA COBEPIIMTH THPS, YTOOBI
aMIUTMTY/1a KoJieOaHWl yMEHbIIUIAch B N=2 pa3a. 3a Kakoe BpeMs MPOU30MIET ITO YMCHbIIIC-
Hue?

6.2. YpaBHeHHe cTostueit BOHBI B cTpyHe umeet Bu: Y = 1,0 sin(nx/5) cos(nt/2), cm. Haiitu am-
IUTATYY U JUTMHY CTOSTYEH BOJTHBI, MOJOXKEHUE Y3JIOB U IIY4HOCTEM, YaCTOTy KOJCOaHHH.

6.3. Illap, paguyc kotoporo R = 5,0 cm, nmoasemieH Ha HuTH AmuHOH lo = 10,0 cm. Onpenenuth
OTHOCHUTEJIbHYIO TOTPEIIHOCTh, KOTOPYIO JIOMYCKAIOT, €CIIH, BBIYUCISIS MEpHo] Kojebanuili Ma-
STHHUKA, IPUHUMAIOT €ro Ha MareMatudeckuit JummHoit | = 15,0 cm.

6.4. luck pamuycom R = 24 cM kone0sieTcsi OKOJIO TOPU30HTAIBHON OCH, MPOXOISINEH uepes
CepeIMHy OJHOTO U3 PaIuyCOB MEPIEHIUKYISAPHO K IUIOCKOCTH AUCKa. ONpeaenuTh Neproja Ko-
ne0aHMi TAKOTO MasITHUKA U €T0 MPUBEICHHYIO UTHHY.

6.5. YpaBHeHue croside BoJHbI B cTpyHe umeeT Bua: Y = 0,5 sin(nx/10) cos(nt), cm. Haiitu am-
IUIMTYY U JUIHHY CTOSYEH BOJIHBI, TIOJIOXKEHHE Y3JI0B U MyYHOCTEMN, YaCTOTY KOJeOaHHiA.

6.6. 3a Bpems1, B TeueHue KoToporo cucrema copepiiaer N = 50 monHbIX KoneOaHUH, aMILTUTyIa
yYMEHbIIUJIACh B 2 paza. OnpeneauTs 100pOTHOCTb CUCTEMBI.

6.7. MartepuanpHas Touka Maccod M = 5,0 T coBepiaeT rapMOHUYECKUE KOJIEOAaHUs C YaCTOTOM
v=0,50 I'u. AmMmuryna xonebanuii A = 3,0 cm. Omnpenenuts6 1) CKOpOCTh TOYKH B MOMEHT
BPEMEHH, KOT/la CMelIeHue X = 1,5 ¢M; 2) MaKCUMalbHYIO CUITY, IEHCTBYIOIIYIO HA TOUKY.

6.8. Ilepuox 3aryxaromux xonedbanuit T = 1,0 ¢, morapudmMudeckuii JeKpeMEeHT 3aTyXxaHus 0 =
0,30, nayanbHas Qasza paBHa HyIt0. Cmemenue Touku npu t = 2T coctasnser 5,0 cm. 3anummre
ypaBHEHUE JIBUKEHUS 3TOTO KOJIeOaHMUsI.

6.9. I'ups maccoii 0,500 xr nozBeleHa K Npy>KUHe, KECTKOCTh KoTopoi k = 32,0 H/M, u cosep-
mIaeT 3aTyxaromue konedanus. OnpenenuTh UxX Mepruo, eCli 3a Bpems ABYX kojebanuil (N=2)
amIuinTyaa ymesnbinniack B N= 20 pas.

6.10. MakcuMaibHasi CKOpPOCTb TOYKH, COBEpIIAIONIeH rapMoHudeckue kosebaHus, paBHa 10
cM/c, MakCHMaIbHOE ycKopeHue paBHo 100 M, c?. HaifTu UKIMYecKyio 4acToTy KoeOaHui o,
ux nepuoa T u ammutyny A. HanucaTth ypaBHeHHMe KojeOaHUM, MPUHSAB HayaJIbHYIO a3y Ko-
nebaHuil paBHOM HYIIIO.

3-i CEMECTP
1. AHTEP®EPEHIIMS CBETA

11.  JIBe menu HaxonsaTcs Ha pacctosHuM 0,20 MM JIpyT OT Apyra M OTCTOSIT HAa PaCCTOSHHUH
1,5 m ot skpana. Ha menn magaer moTok MoHOXpoMaTuideckoro ceera (A = 500 HM) OT ymaJieHHO-
ro uctouHuka. Haiimure pacctosiHre MeXIy COCETHUMH UHTEP(PEPEHIIMOHHBIMH TTOJIOCAMHU.

12.  Paccrosaue d Mexay AByMs KOT€peHTHBIMH MCTOYHHUKA cBeta (A= 500 HM) paBHo 0,10
mM. Paccrostane b mexny mHTEpEpeHIIMOHHBIME TTOJIOCAaMH Ha DKpaHe B CPEIHEH 4acTH MHTEp-
bepeHnmonHOM KapTHHBI paBHO 1,0 cM. Onpenenute paccTosiaue | OT HCTOYHMKA 10 SKpaHa.
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1.3. HUcrounuk S cBera (A = 600HM) 1 1TII0CKOE 3epKasio M pac-

MOJIOKEHBI, KaK TOKa3aHo Ha puc. (3epkano Jlmoitma). Uto Oymer S+¢ P
HaOmonaTees B T. P akpana, rae cxoastcs nyun SP u SMP,- ceer ‘
WM TeMHOTA, ecii /SP/ =r =2 wm, a = 0,55 mym, /SM/ = /MP/? yﬂ tred

S

14.  IInockoBbImykias JuH3a ¢ onTu4eckor cwio @ = 2,0 anrp

BBIITYKJIOM CTOPOHOM JIGKHUT Ha CTEKJITHHOM IIacTuHe. Pagunyc yerBeproro TeMHoro kosbiia Heroto-
Ha B nipoxojisiiieM ceete paseH 0,70 mm. OmnpenenuTs IIMHY CBETOBOM BOJIHBI. [IpHHSTH mOKa3arenb
MIPEJIOMIJICHUS CTEKJIA JIMH3BI /1 - 1,57.

15, Mexay CTEKISIHHOW IUIACTMHOM M JieXaleld Ha Hell IUIOCKOBBITYKIION CTEKJITHHOW JIMH30M
HaJIUTA >KUJKOCTh, MOKA3aTelb MPEIOMIICHHsS] KOTOPOM MEHBIIE MOKA3aTels NPEIOMIICHUS CTEKIIa.
Pamuyc BocbMoro TemMHoro koibiia HetotoHa nipu HaOmoeHnn B oTpaskeHHOM cBete (A = 700 HM)
paseH 2,00 mm. Pammyc R KprBU3HBI BBITTYKIION MOBEpXHOCTH JUH3HI paBeH 1,00 M. Halitn nmokasza-
TEJIb IPETOMIIEHUS 1 KUIKOCTH.

2. IN®PAKIUA CBETA
2.1. Toueunsrii uctounnk S cBera (A= 500 wmm), Twiockas muadparma c S b+ni2
KPYIJIBIM OTBEpCTHEM paguycoM I =1, 0 MM U 3KpaH pacIojiOXKeHbl, ] P
Kak moka3aHo Ha puc. (a=1,0m). Omnpenxenuts paccrosiaue b or 2 b

9KpaHa J10 auadparmbl, Ipd KOTOPOM OTBEPCTUE OTKPBIBAJIO ObI s
TO4YKU P Tpu 30HBI OpeHens.

2.2. Ha muadparmy ¢ KpyriibiM OTBepcTHEM JuameTpoM d = 4 MM MajgaeT HOPMaabHO MapajlIeTbHbIH
My4oK MoHOXpomarudeckoro ceera (A =500 um). Touka HaOIIOAEHUS HAXOIUTCS HA OCH OTBEP-
ctus Ha paccTostHuu b = 1 M ot Hero. Ckosibko 30H DpeHenst ykiaasiBaeTcesi B oTBepeTur? TemHoe
WU CBETJIOE TSITHO MONYYUTCS B IIEHTPE TU(PPAKIIMOHHON KapTUHBI, €CITA B MECTe HAOIIOICHHS T10-
MECTHUTH dKpaH?

2.3. Ha mudpakipionnyto pemierky, cogepkanryto N = 100 mrpuxoB Ha 1 MM, agaeT HOpMaJIbHO
MOHOXPOMAaTHYECKOM CBeT. 3pHUTenbHas Tpyda CIEKTpoMeTpa HaBeleHa Ha MaKCHUMYyM TPEThETro
nopsiaka. YtoObl HaBecTH TPyOy Ha JPYroil MakKCUMYM TOTO K€ MOpPS/IKA, €€ HY)KHO IOBEPHYTh Ha
A = 20°. Onpenenurs JJIMHY A BOJIHBI CBETA.

2.4. Ha nudpakimoHHyI0 penieTky, coaepxauryto N = 400 mTpuxoB Ha 1 MM, majaeT HOPMaJIbHO
MoHOXpomarudeckoi ceeT (A = 600 Hm). Haiitu obmiee uncno qudpakMmOHHBIX MaKCUMYMOB,
KOTOpPBIE JaeT JaHHas pemerka. OnpenenuTs yroa @ AU(PPaKIMU, COOTBETCTBYIOIIUM MOCIEIHEMY

MaKCUMYyMY.

2.5. CKONTBKO INTPUXOB Ha KKIBIH MIJUTUMETP CONEPKUT MU(PPaKIMOHHAS peIIeTKa, eCIU IMph
HaOJIOJICHNH B MOHOXpOMaTH4eckoM cBere (A = 600 HM) MakCHMyM IISITOTO MOpS/IKA OTKJIOHEH Ha
yroin ¢= 18°?

3. NOJIAPU3ALIUS CBETA

3.1. Bo ckonbko pa3 ocnabisercs MHTEHCHUBHOCTb CBETa, MPOXOSIIEr0 Yepe3 JBa HUKOJI,
IUIOCKOCTH IMIPOITYCKaHUsI KOTOPBIX 00pa3yroT yroi o= 30°, eciy B KaXKI0OM U3 HUKOJIEH B OTJIEINb-
HocTHu TepsieTcs 10% MHTEHCHBHOCTH MAAOIIETr0 Ha HEro cBeTa?
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3.2.  IBa mukons N1 u N2 pacronoskeHsl Tak, 4TO YTOJI 0. MEKIY MX TUIOCKOCTSIMH MPOITyCKa-
Hus paBeH 60°. Onpenenuth: 1) BO CKOJIBKO pa3 YMEHBIIUTCS MHTCHCHBHOCTH CBETa IPH IPO-
XOXAeHUU uepe3 oauH HUKOIb (N1); 2) BO CKOJIBKO pa3 YMEHBIIUTCS HHTEHCUBHOCTh CBETA IpU
MPOXOXKIACHUH uepe3 o0a Hukous? [Ipu npoxokaeHnn KaXaoro U3 HUKOJIEH MOTepu Ha OTpaxke-
HUE U MOTJIOIIEHUE CBETAa COCTABIIIOT 5%.

3.3. B doromerpe oTHOBpEeMEHHO pacCMATPUBAIOT JBE MOJOBHUHEI TOJISI 3PSHUS: B OJHON BU/I-
HA JTAJOHHAS CBETAMIAACS MOBEPXHOCTh C SAPKOCTBIO 11=5,0 KK1/™2, B Apyroii - HCHBITyeMas Mo-
BEPXHOCTh, CBET OT KOTOPOM MPOXOIUT Uepe3 JBa HUKOJIA. [ paHuIia MeXIy 00CHMHU MOJIOBUHAMHM
0JIsS 3PEHUSI MCUE3aeT, €CIIM BTOPOM HUKOJb MMOBEPHYTH OTHOCHUTEIBHO MEPBOrO Ha Yroi o= 45°.
HaiiTu sIpKOCTb L2 UCTIBITYEMOM MMOBEPXHOCTH, €CJIM M3BECTHO, YTO B KAKIOM M3 HHUKOJEH MHTCH-
CHUBHOCTB IT4/IA0IIETO HA HErO CBETa yMeHbIaeTcst Ha 8%.

34. IlpenenbHBI yroiu €1' MOJHOTO OTPAKEHUS ITyYKa CBETAa HAa TPAHUILIBI XKUAKOCTU C BO3IY-
xoM paBeH 43°. Ompenenuts yron bprocrepa e Ui naieHus Ty4a U3 BO3/1yXa Ha IIOBEPXHOCTb 3TOM
HKHUJIKOCTH.

b |
3.5. AnmasHasi mpu3Ma HaxOAWUTCS B HEKOTOPOH Cpelie ¢ MmoKazaTesieM /f -
npenomieHust Ni. [Iydok ecTecTBEHHOro CBETa MajaeT Ha MPU3MY Tak, ?
KaK I0Ka3aHo Ha puc. Onpenenuts mokasaTeib IPEIOMIIEHUS N1 cpe-
JIbl, €CJIM OTPAKEHHBIHN ITy4OK MAKCUMAJIBHO ITOJISIPU30BaH. x°

4. TEIVIOBBIE XAPAKTEPUCTHUKU U3JITYYEHUSA

41.  Ilpunumas ko3 UIMEHT TEIUIOBOTO M3INY4YeHHUs € yris npu temmeparype 7 = 600K
paBubM 0,8, onpenenuts: 1) 3HEPreTHYEcKyt0 CBETUMOCTh YIJIsl; 2) SHEPTUI0, U3IyYaeMYIO C
TIOBEPXHOCTHU YIS ¢ MIomansio S =5 cm? 3a Bpems t = 10 Mun.

42. MydensHas neus motpednsier momHOcTh P=1,0 kBt. Temneparypa T ee BHyTpeHHEH
TIOBEPXHOCTH MIPH OTKPHITOM OTBEPCTHH IUIomanbio S = 25 cm? pasHa 1,2 kK. CumTas, uTo
OTBEPCTHE MEYN M3JTy4aeT KaK YEpPHOE TENO0, ONPEETINTh, Kakasi YacTh MOILTHOCTH pacceruBaeTcs
CTEHKAaMH.

43. Ompenenuth Temreparypy 7 YepHOTO Tela, NP KOTOPOW MaKCHMyM CIIEKTPaTbHOU
TUIOTHOCTHU SHEPTeTUUECKON CBETUMOCTH IPUXOUTCS Ha KPACHYIO TPAHUILY BHIUMOTO CIieKTpa (A
=750 um); Ha puoneToByro (A =380 HM).

44.  Ilpu yBenMYEHHH TEPMOAMHAMHYECKON TeMreparypbl 7 YepHOrO Tela B JBa pas3a JJIMHA
BOJIHBI Am, Ha KOTOPYIO IPUXOJUTCS MAKCUMYM CHEKTPAIbHON MJIOTHOCTH 3HEPreTUYECKOM CBe-
TUMOCTH, yMeHbIIIack Ha AA= 400 HM. OnpenenuTs HayallbHYIO0 U KOHEUHYIO TeMIiepaTypbl 71 1
To.

45.  MomuHocTh M3MyYarouero mapa paaguycom R=10 cM npu HEKOTOPOH MOCTOSHHOMN TeM-
nepatype T paBHa 1,0 kBt. Haiiti 3Ty Temmneparypy, cuutas map cepbiM TeloM ¢ Koddduiu-
€HTOM TeIUI0BOro u3mydeHus € = 0,25.
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5. POTOIPDPDEKT

5.1. Ha meTaminyeckyro IUIACTUHKY MaJaeT MOHOXPOMAaTUYECKHUM CBET C JJIMHON BOiHBI 0,413
MKM. [IoTOK (pOTO35IEKTPOHOB, BEIPBIBAEMBIX C IOBEPXHOCTU METAJIA, MOJIHOCTBIO 3aJepKUBaA-
€TCsl, KOTJJa pa3HOCTh MOTEHIMAIOB TOPMO3ALIETO AeKTpudeckoro nois gocrturaer U = 1,00 B.
Onpenenutb paboTy BbIX0/a B 3JIEKTPOHBOJIBTAX U KPACHYIO IpaHully Gporodddekra.

5.2. Jlna npekpamenus ¢otodddekrra, BHI3BAHHOTO OO0JYYCHHEM YIbTPa()HUOIECTOBBIM CBETOM
IUTATUHOBOM TIACTUHKH, HYXKHO MPHUIIOKHUTD 3a/IePKUBAIOIIYIO Pa3HOCTh nmoTeHuuanoB Us = 3,7
B. Eciiu miiaTHHOBYIO IJIaCTUHKY 3aMEHUTH APYTOW TUTACTHHKOW, TO 33JIePKUBAOIIYI0 PA3HOCTh
NOTEHIMAJIOB MpHETCs yBenuuuTh 110 6,0 B. Onpenenuts paboTy BeIX0a 3JEKTPOHA C MTOBEPX-
HOCTH 3TOW TUTACTHHKH.

5.3. Byner nu Habmogarses hotord ek, ecian Ha TOBEPXHOCTh cepedpa HampaBUTh yiIbTpadu-
OJIETOBOE U3Ty4YeHHE ¢ JUIMHOM BOIHBI A = 300 HM?

5.4. Kakas nons sHeprum (oTOHa M3pacxonoBaHa Ha PadOTy BBIPHIBAHUS (OTOAIEKTPOHA,
ecnu KpacHas rpanuna porodddexra o = 307 HM, a MUHUMaIbHAs KHHETHYECKast SHEPTHs (o-
TO3JIeKTpoHa paBHa 1,0 3B?

5.5. Kpachast rpanuna ¢porod¢hdexra Ajst IIaTHHBI COOTBETCTBYET JJIMHE BOJHBI OKOJIO 198 HM.
Ecnu nnatuHy npoKanuTh MPU BBICOKOH TemIepaType, TO KpacHas rpanuna ¢porodddexra cra-
HET COOTBETCTBOBAaThH JUTHE BOJIHBI 220 HM. Ha CKOJIbKO NpOKalInBaHUE YMEHbBLIACT PadOTy BbI-
X0/1a 3JIeKTpoHa?

6. ATOM BOJIOPOJIA

6.1. BeIYUCIUTh JUIMHY BOJIHBI, KOTOPYIO BBITYCKAeT HOH rejms He™ npu mepexoje co BToporo
SHEPreTHYECKOrO YPOBHS Ha NepBbiid. Crenarh Takoi e MoacueT i HOHOB uTus Lit™.

6.2. Beruucnure yacrots f1 u f2 Bpamenus snexrpoHa B aToMe BOJOPOZa Ha BTOPOW M TPEThEH
OpOMTaxX U SHEPrUIO JIEKTPOHA HA ITUX OpOUTAX.

6.3. HaiiauTe HEPIrUIO M MOTEHNMan nouu3auu nonos He* u Li*™,

6.4. ATomM BOAOpPO/Ia B OCHOBHOM COCTOSIHUM TOTJIOTWJI KBaHT CBETA C JIMHOM BOJMHBI A=121,5
HM. OnpenenuTs pauyc JISKTPOHHON OpOUTHI BO30YXKIEHHOTO aTOMa BOJOPO/Ia.
6.5. OnpenenuTh 4acTOTy OOpaleHus 3JIEKTPOHA Ha BTOPOH OpOUTE aToMa BOJOPO/Ia.

7. YPABHEHUSA INPEJUHI'EPA

7.1. YacTuma HaxOIUTCA B OCHOBHOM COCTOSHMM (N=1) B OJHOMEpPHOW MOTEHIMAIBHOU sMe
mmpunod | ¢ abcomoTHO HemponumaembiMu creHkamu  (0<x<l|). HaiiTu BepoATHOCTH
npeObIBaHus yacTuIlbl B oomacTsax: 0<x<I/3 1/3 <x< 2I/3.

7.2. Ily4gok snekTpoHOB c sHeprueit W= 25 3B BcTpewaer Ha CBOEM MYyTH MOTEHIMAIBHBINA
6apeep BoicoToi U = 26 »B. OnpenenuTh OTHOIIEHHE TUIOTHOCTH BEPOSITHOCTH NMPEOBIBAaHUS
aneKkTpoHa B Touke X=0,1 HM K IUIOTHOCTH BEPOSITHOCTH €ro NMpeObIBaHUs Ha TpaHHIle oOacTeit
pu x= 0.
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. (27X
7.3. BonnoBas ¢yHKuusA yw = ASIn(T) ompezenaeHa Toyibko B obmactu 0<x<I| . cnomup3ys

yCIIOBUE HOPMHUPOBKHU, ONPEAEITUTE HOPMUPOBOUHBIM MHOXKUTEND A.

7.4. DNEKTPOH HAXOIUTCS B OJHOMEPHOH NPSMOYrOJbHOW MOTCHIHAJIBHOW siME IUPUHOM | ¢
0ECKOHEUHO BBICOKUMH cTeHKaMH. OnpeaeanuTb BEpOsSTHOCTb OOHAPYKEHUS JIEKTPOHA B Cpejl-
HEll TpeTH sIMbI, €CIIM DJIEKTPOH HAXOIUTCS B BO3OyxkaeHHOM cocTtossHuu (N=3). M300pasute
rpau4ecKy INIOTHOCTh BEPOSITHOCTH OOHAPYKEHUS 3JIEKTPOHA B 3TOM COCTOSIHUU.

7.5. Yactuiia B OJHOMEPHOM MPSIMOYTOJbHON MOTEHIHAILHON siMe ImprHO# | ¢ GeckoHeYHO
BBICOKMMH CTCHKaMH HaXOJUTCS B BO30YkIeHHOM cocTostHuH (N=3). OnpeaenuTh, B KAKUX TOY-
kax sMbl (0<X<|) mI0THOCTH BEPOSATHOCTH OOHAPYKEHUS YACTHIBI: 1) MakCUMalbHa; 2) MUHH-
maiibHa. [1osiIcCHUTE MoNTydeHHBIH pe3yabTaT rpadruuecKy.

8. 3AKOHBI PAIMOAKTUBHOI'O IPEBPAILIIEHUA

8.1. B sape u3oTona KpeMHUs ., Si 0IMH U3 IIPOTOHOB TIpeBpalleH B Heifttpol (B* - pacnan). Ka-
KO€ S/IpO MOJIYYUIIOCh B PE3YJIbTATE 3TOT0 NpeBpalieHus?

8.2. Slnpo mMHKa o.ZN3axBaTUIO 3JEKTPOH M3 K-000JOUKM U CIIYCTsl HEKOTOPOE BPEMS HCITY-

CTHJIO MO3UTPOH. Kakoe SApo noiaydusioch B pe3ynbTare 3TUX IpEeBpaIleHun?

8.3. TlokouBIIEECS SIPO PAIOHA 5o RN BHIGPOCHIIO 0L — YACTHILY CO CKOPOCTBhIO U = 16 Mm/c. B

KaKoe S7po MPeBpaTHIIOCh sIpo pasoHa? Kakyro CKOpOCTh MOIY4YHUIIO OHO B PE3yJIbTaTe OTAAUN?

8.4. H,Z[pO a30oTa 174N 3aXBaTWJIO O — YaCTUIY U UCITYCTHJIO ITPOTOH. OHpe,Z[CJ'II/ITe MaCCOBO€ 4YHC-

70 A u 3apsiHOe 4Kciio Z o0pa3oBaBIIErocsi B pe3yjbTaTe 3TOro mpoliecca siapa. YKa3arh, Ka-
KOMY 3JIEMEHTY 3TO SIIPO COOTBETCTBYET.

8.5. Slnpo Gepuus | Be 3axpatuiio anektpon u3 K-o6oouku aroma. Kakoe sapo o6pa3oBanoch
B pe3ynbTare K-3axBara?

2. NMpumepbl BONPOCOB K 3alymMTe pacyeTHoO-rpacmuyeckon padboTbl

B nponecce 3amuThl pacueTHO-Tpaduueckoil padboTel «Pu3nyeckrue 0CHOBbI MEXaHUKH.
MKT. OcHOBBI TEPMOJMHAMHUKNY» CTYACHTY 3a/Iaf0TCs 3 BOMPOCA U3 CIAEAYIOIIETO MPUMEPHOTO
MEPEYHS:

1. Kak ¢popmynupyeTcst 3aK0OH COXpaHEHUsI UMITyJbca?

2. B Kakux yCIIOBUSX BBIIIOJHSETCS 3aKOH COXPAaHEHUs MMITYJIbCA B CUCTEME B3aUMOJEH-
CTBYIOIIUX TeN?

3. Kak paccuutath paboTy rnepeMeHHON CHIIbI?

4. B yem 3akirovaercst u3HUeCcKuil CMbICT BeTuIuHbl 1 B1?

5. YTo Takoe nojHas MEXaHU4ECKasi SHEPIUsl CUCTEMBI TEN?

6. Kak hopmynupyercs 3akoH COXpaHEHUS MEXaHUYECKON dHEpTrun?

7. JlaiiTe onpeaeneHue MOMEHTa MHEPLIMU MaTepUaIbHON TOUKN?

8. Chopmymupyiite Teopemy lllTeiinepa.

9. Yrto Takoe 140 CHIIbI OTHOCUTEIBHO HEKOTOPOH OCH BpaIlleHUs?

10. ChopmynupyiiTe 3aKOH COXpaHEHHSI MOMEHTA UMITYJIbCA.
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11. IlousTHE UIOeaTLHOIO rasa.

12. YpaBHeHue COCTOSHUS UIEAIBHOTO Tra3a

13. Uzomnponeccel. ['paduku n3omnporeccoB B KoopauHarax pV.

14. 1-e Ha4yanO TEPMOJMHAMUKHU.

15./latb onpenesieHUe TEINIOEMKOCTH, YACIbHON TEINIOEMKOCTH U MOJIIPHOM TEIJIOEMKOCTH
rasa

16. ®opmybl pacdera pabOThI, K3BMEHEHHS BHYTPEHHEH SHEPTHH, TEIIJIOTH H30ITPOIIECCOB.

B mporuecce 3amuthl pacyeTHo-rpadguueckoi padotsl «Ontuka. KBantroBas npupona usz-
Jy4EHUS» CTYJEHTY 3aJ1al0Tcs 3 BOIIPOCA U3 CIEIYIOIIEr0 IPUMEPHOTO NEPEUHS:
. laiiTe onpenenenre nHTEpPEpEHIINH CBETA.

. Kakue BosHBI Ha3bIBalOTCA KOTEPEHTHBIMU?

. Kak moxHo Habmonats unTepdepeHiuio cera?

. Uro Ha3wIBarOT qudpaxiueit ceera?

. Chopmynupyiite [Ipuniun [toiirenca-dpenernsi.

. B uem orimmumne mudpakuun Opaynrodepa ot nudppakuun Openens.
. Jaiite onpenenenne AUCIEPCUH CBETA.

. B uem paznuune HopMaabHOW U aHOMaJIbHOU JUCTIEPCUit?

. UTo Takoe moJsipu3aus 3eKTPOMarHUTHBIX BOJIH?

10. Kakue Tunsl nosisipu3aluu Bel 3HaeTe?

11. Chopmynupyiite 3akoH Maitoca.

12. ChopmynupyiiTe OCHOBHBIC 3aKOHBI TETIOBOTO U3ITyUCHUSI.

13. B yem 3akmrovaercs poTodaeKTpudecKkuid 3hdexT?

14. ChopmynupyiiTe 3akoHBI BHEIIHETO GoToddhdekTa.

15. Yro Takoe kpacHas rpanumna Gororpdexra’?

16. B ueM nposiBiIsieTCcsl KOPIYCKYJIpHO-BOJIHOBOM yanu3m?

17. 3anummre ypaBHenue lllpenunrepa ais cTaliuOHaApHBIX COCTOSHUM.
18. B yem 3akioyaercst GU3NIECKUN CMBICT BOJTHOBOU (DyHKIIHH?

19. I3 kakux 4acTHI] COCTOSAT siApa aTOMOB?

20. Kakue Tunsl sAEpHBIX peakiuil Bbl 3HaeTe?
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