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MPEJUCJTOBHE

[laroe u3ganue AaHBOTO MOCOOUs MepepaboTaHo, AOMOIHEHO H
MIOJTHOCTRIO COOTBETCTBYET Mporpamme Kypca Gu3nku 31 MOCTYNA0-
muX B By3sl. B nocoduu B KOHUEHTPUPOBAHHOH (OPME U3TOKEHBI OC-
HOBHBIE 3aKOHBl (PU3MKH.

OCHOBHOH 11€1b10 NOCOOHS ABIACTCS OKA3aHME NOMOLIM C1yIna-
TEISM MOATOTOBUTCIbHBIX KYPCOB NIPU PCUICHMM 33734 HA CEMHHAp-
CKHX 3aHATHSX, 4 TaKKe MPH BHIMNOIHCHWH JOMAIUHHX 3ajaHuid. He-
OLCHHMYIO TIOMOINb NOCOOHE OKAXKET CJAYLIATEISM M MPH PACCMOTpe-
HHH TEOPETHYECKUX BOMPOCOB MO KOHKPETHOMY pazieny ¢pusuxu. Oxa-
HaKkO OWHOOYHO OBINO OB AYMAaTh, YTO MO 3TOMY IMOCOOHIO MOXKHO
nayuars (pu3nxy. I[locobue aapecoBaHo TeM, KTO yxe 3HaKOM ¢ pu3u-
KoH H 00paimaeTcs K HeMy, YTOOB! OCBEXHUTH CBOK) MAMSTh, MPU TOM,
HE neperpyxas e n30bTKOM (PaKkTHYECKHX JAHHBIX.

B npenmzaracMoM mocoOHH yuTeHbI COBpPeMEHHBIC TPEOOBaHHS K
CTaHAAPTHU3ALMY ¥ YHHPHKAIHH TEPMHHOIOrMH, OO03HAYEHUAIM H €1H-
HMIIAM H3MepeHMs (M3MYECKHX BEAMYHH, a TaKXKS NMPHBEACHBI OMNpe-
JACIIEHUSt OCHOBHBIX H HMPOM3BOAHBIX CAMHHU (QH3MYECKUX BETHYHH B
cucreme CH.

CnpaBouHbi¢ JaHHBIE JOMOIHECHB! PSIIOM PaHee OMYINEHHBIX TEM
M B HACTOALICE BPCMS OXBATHIBAIOT BCE PA3ACbl HHIUKH.

B xoHue nocoOus NpPHBEACHBI BCHOMOraTelibHEIC TAOMHUHLIC
JaHHbIe PHINYECKHX BCINYHH, HEOOXOIUMBIX NPH PCLICHHH 334aY.

Hcnoap3oBanue nocobus NMpearionaract 3HAKOMCTBO C 3IEMEH-
TaMH BHICIIEH MATEMAaTHKH B 00BEME LIKOIBLHOIO Kypca.

[Mocobue paccuuTaHo Ha caymmareneil moATOTOBHTENBHBIX OTIC-
JACHMI U KypCOB BY30B, LIKOAbHMKOB, ydawmxcs [TTY, TexHukyMoOB.
Ono Moxer ObITh HCNOAB30BAHO AGUTYpPHEHTAMH TIPH CAMOCTOATE b=
HOW MOATOTOBKE K NMPHEMHBIM 3K3aMEHaM B BY3bl ¥ TEMH, KTO HHTEpe-
cyetrcs (PM3MKOH M 3aHUMACTCS camoo0pasoBaHneM.



BBEJIKHUEK

Qu3uKa - HayKa, KOTOpas U3y4daeT CBOMCTBA OKPYK4IOWMEr0 HAac MUpa,
CTPOEHHE H CBOMHCTBA Marepuy, ycTaHasiuBacT nambonee obune QyHaaMeH-
TallbHbIE 3aKOHbI B3AUMOUCHCTBUS W JBUIKERHSA PasliiuHbIX (OpPM MaTEpUn.

Mamepun — punocodcekas kareropust i 0003HaueHUs O0ObLEKTHBHOM
peaibHOCTH, KOTOpas 0ToOpaXKaeTcsl HALIMMH Ol LIEHHAMM, CYHIeCTBYs He-
3aBUCHUMO OT HHMX. C TOYKH 3peHusi GU3NKK MHUp €CTh ABHXKYLUAACS MaTepHs,
CYLIECTBYIOLHAsA B NPOCTPAHCTBE U BO BPEMEHH.

ITIpocmpancmeo — dunocodcekas kaTeropus s ONpeneieHUs MpoTa-
KEHHOCTH M NOPAJKA PACNIONOKEHUS OAHOBPEMEHHO CYILECTBYOWUX NpeEa-
METOB.

Bpema — punocockas xateropus WIS ONPEAENEHUA MINTEIBHOCTH H
NOCJIEA0BATENLHOCTH COOBITHH B NpUPOAE.

®H3uka ONEpHUPYET C MOHATUEM «BEIMMUMA», KOTOPOMY IIpUAACTCA
CMBIC/I XapaKTEPUCTHKH H3MEPAEMBIX CBOMCTB 0ObEKTOB MaTepHAILHOIO MHpa.

H3amepsemble kayecTsa, IPH3HAKK MJIM CBOHCTBA Ha3biBAIOTCA (usuve-
CKUMU @eAUHUHAMU,

@u3uueckue 3aKOHbI — YCTOIHYMBBIE, TTOBTOPSIOILHECS BO MHOXECTBE
OMBITOB CBA3W MEXIY BENHMYMHAMH, NPHCYILMe caMol npupone ssneHuil, Ou-
3MYECKHE 3aKOHBI BbIPAXKAIOTCS B BHJE MAaTEMaTHUECKWX COOTHOLIEHNH MEX-
Ay BETMUHHAMH,

Kaxnas ¢usmueckas BennvrHa npeacrasaser coO60H npon3BeAeHHE 4HC-
JIEHHOIO 3HAYEHUS HA EAHHHULY HU3MEPEHHA!

$usHyecKkasl BeJIHUMHA =
= YUCNEHNOE 3HAYEHNUE X EOUHUKA USMEDPEHUA.

Taxum oOpa3oM, BelpaxeHHe HanpsxkeHHe = 220 BOJILT O3HAYaceT, 4TO
M3MEPEHHOE HANpsXKeHHE COCTABNAET ABYXCOT ABAALATH KpaTHOE MOBTOpE-
HHE BOJNbTA.

Jns npeactaBAeHUs GUIHYECKUX BEIMUMH HCMONb3YIOTCA CEUHATbHbIE
CAMBOJIbI — 0003HaYeHUA BeNUYKH (BpeMs £, pabota A M T1.4.). KBagpaTHbie
cko0ku [ ], conepkauire o603HaueHHe BEIMYHHBI, 0603HAYAIOT €AUHULY H3-
MepedHs BenuuuHbel, Hanpumep, Boipaxenue [U] =B yuraercsa cneayolum
06pa3oM: e1MHHLA M3MEPEHHS HANPMKEHUS PaBHA BOJILTY.'

OurypHsle ckobku { }, conepxatme 0603HaUeHHE BETHYHHBI, 03HAYAIOT
4UC/CHHOE 3HaUYEeHUE BejimyrHblL. Hanpumep, Boipakenne {U} = 220 yuraercs
CIeayomUM 00pa3oM: UMCIEHHOE 3HaYeHHe HanpsKeHHs paBHo 220.

' HenpasuibsHo 3aKA104aTh B KBANpathbie CKOGKH ETMHHLLY M3Mepehna, Hanpumep [B], xota
TaKasn 3aMcCh BCTPEYAETCH REChMA “acTo.



FlockOALKY KA o0 Sratienie Beanduin ipeic) apisier coboil npomsse-
ACHRE HUCHCINIONQ 3HaucHna Ha CAMBHIY W3IMCPEHHA, JLas HPHUBEACHHOrO
BbILIE NPHUMeEpa 110JlyHaeTcs:

U={U} " |U}=220B.

Mexay YHCIEHHbIM 3HaYEHUEM M cIuHMUeH u3MepeHHs (pU3NuecKoi
BEJIMUMHLI NpPH HanucaHuu HeoOGXOAMMO OCTaBiATL MHTepsan. Hanpumep:
U=220B, R=50Om, 4 =25 lw.

Hcknrouenue coctasnsaior obo3HaueHus eauHuu: rpaayc (°), Muuyra (')
u cekynaa (). Hanpumep: a = 22°30'5".

PaszmepHocTh husHueckol BENMUKHBI YCTAHABIMBAET €€ CBA3b C OCHOB-
HBIMM BefiMuudHaMHu. Ona 1pejcTaBnseT coboil npousBeneHue cTeneHeit pai-
MEPHOCTH OCHOBHBIX BEJTUUHH.

B Hacrosiuiee BpeMsi B Gpu3MKe NMPUMEHAIOTCA CEMb OCHOBHbIX BENHYUH,
LU N3MEPEHUS KOTOPBIX HCMOJNB3YHOTCS OCHOBHbIE eauHuubl (Tabn. 1), npu-
HaTeie B 1960 r. eanHoil MexxmyHaponHoH cucteMoit enuxyu. Ha Becex a3bl-
KaxX MHpa 3Ta CHCTEMA NOJIy4YHia coxpauieHHoe HazBaHve CH, a ee exHHULbI
Ha3biBaloTes edunuyamu CH. Hanipumep, pasmeprocTs’ (dim) ckopocTu on-
pelensercs Kak

nepemeileHHe
BpEMA

Bce octanbHbie ennHuubl MexmyHaponHoi cuctembsl CH HasbiBaioTes
npoussoaHsiMu eavHuuamMu CH. IlponsBoansie eavHuusl CH npeacrasnsior
cofoii pon3BeneHuUs cTeneHeil OCHOBHBIX €AUHHL, HE COACPXKALIMX YUCTIEH-
HbIX K03 dHuUMeHTOB. Bosiee noapoOHO 0 CHCTEME eArHYLL PACCKa3aHo B TIPH-
JOXEHUK nocobus.

, dimp=L-T".

Tabnuya 1
OcHOBHbBIE BeJINUHHBI U eAuHuubl CH
Besmunna Ezununa CH
HaumeHoBaHHe 0603HauEHHE Pmmgi];::ocn Hauwmenosanue|O603HaueHue
Il1una V4 L MeTp M
Bpems t T ceKkyHIa c
Macca m M KWI0TpaMM KT
DneKTpUUeCKKi TOK 1 I amnep A
Temnepatypa T © KE1bBMH K
KosinyecTso BemiecTna n N MOJIb MOJIb
Cwuaa cseta { J KaHjena Ka

* Heo6X0AMMO CTPOro pa3;IM4aTh NOHATHS «PA3MEPHOCTb» W «EIMHHMLA H3MepeHHs». Yacto
C/IMHULYY H3MEPEHHMA OIMMBOYHO HA3BIBAIDT PA3MCPHOCTRIO.
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Crupnis: MexyHapoIHoi CHCTEMBE NP TIPAKTHYECKOM UCTIONB30RE:
HHW 4acTO OKA3LIBAIOTCA CAWINKOM GONLUIMMH WIK CIMILKOM MalbIMH, 110-
ITOMY € NOMOiLIO 0co0bIX mpHcTaBok (Taba. 2) Moryt 6biTh 06pa3oBaHbl
JECATHYHBIE KPATHLIE W IONLHLIE EAHHMLLI, €CJIK 3TO HE 3anpeticRO B OT-
JCRBHBLIX Clydasx.

Tabruya 2
TpxcTaBku npousBoaHbIX eauHuun CH

Mpucraska | Ofo3uaueHme Moxci- Ipucraska | O6o3HaueHue Muokn-
TEAb Teh
aeka na 10! el a 107!
IeKTo r 10? CaHTH c 1072
KHJIO K 10° MU TH M 107
mera M 106 MMKPO MK 10°¢
rura r 10° HET H 10°
Tepa T 10" 11MKo n 107"
TieTa n 10" demTo ) 107"

B yka3zanHbix 0603HayeHusAx (Tabn. 1} pasmepHOCTb NMPOHU3BOJIBbHOI Be-
nuuusel umeeT Bud L*°MPTY (o, Py MOTyT GbiTs KaK MOJOKHMTENBHBIMH,
TaK ¥ OTPULIATENbHBIMU, B YACTHOCTH, OHW MOTYT PaBHATBCA HyJIO). JTa 3a-
MUChb O3HAYaeT, YTO [PH YBEIMUYEHWH €IUHHUbL JUIMHBI B », pa3 eavHHua
AaHHOM BEJIMMMHBI YBEJMUMTCS B # pa3 (COOTBETCTBEHHO YKMCIIO, KOTOPbIM

BBIpaXKaeTcA 3HaUeHUE BENMYHHBI B 3THX €AHHHUAX, YMEHBLIUTCA B n pa3);
NpH yBENHUYEHHH eIHHULBI JUIHHBI B A, Pa3 eAWHUUA JaHHOH BENWYHHbI yBe-
JAMUMTCA B 1Y pas M, HAKOHELl, NPY YBEIUYEHHH eIHHHLL JUTHHB B 77, pa3

€IMHULIA JAHHO# BeJTMYHHbI YBEAHUYHUTCA B n;‘ pas.

[Mockonbxy HU3MUECKHE 3aKOHBI HE 3aBUCAT OT BbIOOpa eAMHHU U3Mepe-
HUS (M3UYECKMX BEJIMYMH, pasMepHocTH obenx uacTel ypaBHeHul, Bblpa-
XKalOLIMX ITH 3aKOHBI, HOMKHBI ObITh OOHHAKOBBI. DTO YCIIOBHE MOXET ObITH
MCTONb30BaHO, BO-MEPBBIX, ANS MPOBEPKH MPaBUILHOCTU MONYYEHHLIX GU3H-
YeCKHUX COOTHOLIEHUNM W, BO-BTOPBIX, A4 YCTAHOBIEHUA PasMepHOCTH (pu3u-
YECKHX BEJIMUHH.



MEXAHUKA
KHHEMATHKA MATEPHMAJIBHOHN TOYKH.
OCHOBHBIE NTOHATHUA

OcHOBHBIMH NApaMETPAMH MEXaHUUE- z|
CKOTO JBMIKEHHA ABNAIOTCA: AS

¥ — paadyc-BeKTOp MaTepHaibHOH TOUKY;

AF - 31eMEHTApHOE NEPEMELLEHHE MaTe-
pHanBHOM TOUKH 3a IPOMEKYTOK BPEMEHH Af;

AS — nyTb, TpoiinenHbl# TOYKOH 3a
NPOMEXYTOK BpEMEHH Af

U — CKOpPOCTh MaTepualbHON TOUKH.

. ¢ Y « | .
U=lim—=¢/=—, dimo=L-T "',
Ao At dt
U= il CpeHAs CKOPOCTb 3a NMPOMEXYTOK BPEMEHH Al ;
!

d — YCKOpPEHHE MaTepUajibHOH TOYKH.

d=lim—=—=9'=7", dima=LT?, [Fl=wm,[Dl=m/c, [a]=m/c*.

A1—0 Al dt

PaBHOMepHOe NpAMOJIMHeAHOE IBUKEHHE
a=0, v=const, ¥ =r, +ULl.

PaBHoycKopeHHOe TPAMOJHHeliHOe ABHKeHHE

Cea3b OTpe3ka MyTH S (MOLYNIA nepeMeuleHus AF ), fIPOHAECHHOTO TENOM,
COBEPLIAIOIMM PaBHOYCKOPEHHOE NPAMONHHEHRHOE ABUKEHUE, C €r0 CKOPOCTBIO:
vl =v+2aS.

B o6iuem ciydae MyTh — 3TO paccTosiHue, rpoiaeHHOE TOUKOH BAONL Tpaek-
Topwnu. JnvHa TpaexTopuu /, MyTh S ¥ nepeMelleHie AF CBS3aHbl HEPABEHCTBOM
|aF|<i<5S.

Ecnu Teno aBuranoch MpsMoiUHEHO, HE U3MEHSS HAMpaBJIEHHs IBHKe-
HHS, TO
|AF|=1=S5.
Ecnu HanpaBlfieHUEe ABWXEHHS (HanpaBiieHHE CKOPOCTU) M3MEHANOCH, U
KaKHe-TO Y4acTKH TPaeKTopHH OblIH NpoiiaeHbl HEOAHOKPATHO, TO NaXKE NpH
IpPAMONUHEHHOM NBHKEHUH |Ar| <l<§!



PagHoMepHOE ABMACEHHE 10 OKPYIKHOCTH
Al 2
o= lim—q) =const, ® =2V =—,

ar-+0 At T

rie AQ - W3MEHEHHE YrNia MoBOPOTa 32 BpeMs Af; « — YIJIOBas CKOPOCTb,

¢ ' = pan/c; T— nepHOA BpalleHHA, C; V — YaCTOTA, BPALLEHHA, ¢ .
CB#i3b MeXAY JIHHeilHOM ¥ Yyri10Boii CKOPOCTAMH
v=oR,
rae R — pacCTOfHHE OT OCH BpALLEHUA, U — JIMHEITHas CKOPOCTS.

LeHTpocTpemMuTenbHOE (HOPMAIBLHOE) YCKOpEHHE

UZ

=—=0'R=o0v.
R
TasrenuuansHoe (KacaTe/ibHOE) YCKOPEHHE
a =tR.
PaBHOycKopeHHOe ABHAKEHHE NO OKPYKHOCTH
2

. Ao et
€= lim——=const, ®=0,+6f @(=0Q,+0,)f+—,
a0 At 2

TA€ € — YIJIOBOE YCKOPEHHE; (¢ — Yroll NOBOPOTa Wil YIJIOBOE NEpEMELICHHE;
¢, — HauabHOE YIJIOBOE MEPEMEIIEHHE; (O, — HAaYailbHasl yIlIoBas CKOPOCTh.

CWiblI
CHJia BCEMHPHOTO TAroTeHust (rpaBHTAllMOHHAS CUIIA)
F=SMM  GimF = MLT?, [F]=xr-w/cl =H,
r

rie G=6,67-10" H-m’/kr’ — rpaBHTAUHOHHAS MOCTOSHHAN;, m, U M, —
Macchl MaTepHalbHbIX TOUEK; ¥ — PaCCTOSHHE MEXKIY TOYKAMH.
= Lo g GM
Cuna TaxecTn F=mg, g= --—-—g"——z, & ="
R
(1+A/R;) 3
rae g, g, — yckopeHHe CBOGONHOrO MajeHHs Ha BLICOTE /1 OT MOBEPXHOCTH
3emaun 1 BOAW3M Hee; R, — paauyc 3eMnu; M — macca 3emun.

Bec Tesa - cuna, ¢ KOTOpoil Teno AeficTByeT Ha NOPH3OHTAJIBHYIO OTIOpY
WIH PacTATMBAET BEPTUKATbHBII 1OBEC, HAXONACH B 10J1€ CHIT TATOTEHHA 3eMITH.
Cuna ynpyrocry

NpY>KHHBI F=-kx;

CTEPXKHA, 3aKPEMICHHOTO Ha OIHOM KOHLE H CBOOOLHOrO Ha APYroM
F /-1 Al
—=FE—2L-F—;
L I I
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30CCH X - BEPEMEUICIINE KOHLA CTCPXKIS (Npyiib); &k - kodhhuitmedt ynpy-
rocty, H/m; §  1uiomans 1oiepeiioro ceueunn rena, M E mMonyae HOura,
H/M? ; [ -], — aGCONOTHOE YANMHEHHE TeNa, M.
Cuna TPEHHA CKOJILKEHHA
Fom = BN,
rae N - ciia HOPMaiibHOIO AaBJIEHHS; Y — KO3YDPUUUEHT TPEHUS CKOJIbXKEHUS.
Cuaa Apxumena (BITAIKHBAIOWAS CHIA)
F=-pbg,
TA€ p — MAOTHOCTb KHAKOCTH (rasa), Kr/ M’ ; ¥ — 06bEM BhITECHEHHO! XKHUI-

KOCTH (raza), M.
Cuna B3aHMO£lei7lC'l'Bl/m ABYX TOYE4YHbLIX JICKTPpHYECKHX 3aDpAN0B q,

H g, B cpeae (3akon Kynona)

F =._g'_qZ_2., dlqujT‘ [q]: A-c=Kn,
4neer

3nech €, =8,85-10"2 d/M — anexTpuueckas NOCTOAHHAS; € — AMINEKTpHUE-

CKasi NPOHHLIAEMOCTD CPEAbl; » — PACCTOSTHUE MEXKAY 3apalaMy.
Cuna, aeficTBYOHIas Ha IeKTpHYecKHii 3apsid g, MOMELLEHHbIR B

INEKTPUUECKOE NOJIC C HANMPAXKECHHOCTLIO E
F=gE, dmE=MLI"'T™, [q]=Kn, [E]=B/m.

Cuia WIEKTPOCTATHUECKOIO B3aUMOACHCTBHUSA MeKay ofknagkamMu

IVIOCKOI'0 KOHACHCATOpA
2

q
2e,68 ’

riae g — 3apaa KOHAeHcaTopa, S — mouiais ero o6KIanok, € — QHINEKTpHUe-
CKas POHMLAEMOCTb CPeibl MeX Iy 00KIajKkaMH.

Cuna, aeiicTByLIaS HA NPAMOHA HPOBOIHMK ¢ TOKOM B OJHOPOAHOM
MArHUTHOM 10J¢ (3aKOH AMnepa)

F = [IBsina, B

roe / — cuna Toka B MPOBOAHMKE, A; / — IiuHa o
NpoBOAHMKA;, B — MHAYKUMA MarHUTHOTO NOJA,
Tn; o — yron MexIy HampabBl€HHEM TOKa B IPO-
BOJHHKE W CWIOBON NHUHUEH WHAYKUMK MAarHuT- ;’

HOTO MOJIA.
HanpaBnenue cunnl AMnepa onpeaensietrcs
npaswiom nesoit pyKu. \ F
i
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Cuaa Jloperna
"= quBsina , B BekTOpHO# popMe I° = ¢[iB],

rie g — JIEKTPUYECKHIA 3apsl; U — CKOPOCTh 3apsia; o — yrojt Mex1y CKopo-
CTbIO U M CAOBOH JIMHHEH HHIYKLUMH MarHHTHOFO ToNis B

Cuna, feficTByrOLIas Ha 3apsiil g, IBWKYLUHACA CO CKOPOCTHIO U B JIEKTPU-
HECKOM N0JIE ¢ HANPAKEHHOCTBIO £ M MarHHTHOM TIONE C HHAYKTHBHOCTBIO B .

F = gE +4[UB]

Cuna B3aumoelicTBUS NpsiMbIX GeCKOHEUHO AJHHHLIX MPOBOIAHM-

KOB € TOKOM B MATHHTHOM 10J1€

F:%W&[,
2nr

rae p, =4n-107 F'a/M — MaruuTHas NOCTOSHHAA; U — MarHUTHas MPOHH-
LaeMocTb cpeabl; /; W/, — TOKH B MPOBOAHHMKAX; ¥ — PACCTOSHHE MEKAY
NPOBOAHHKAMH; / — INIMHA B3aUMOREACTBYIOILAX APOBOAHHMKOB.

MoMeHT cHiIbl OTHOCHTEILHO HENMOABHKHON TOUKH

M =[7F),

FIe ¥ ~ paldyC-BEKTOp, IPOBEACHHDII H3 HETIOABINKHOMW TOUKU O B TOYKY MPWIO-
EHUS CHTbl F .

Monay.ib MOMEHTA CHABI

M =rFsina=FI, [M]=H-m,

rae [/=rsino — nue4o cunbl (Kparudaiiuee

pacCTOAHME MeXTy JunMedt neficteus cunbt u O \72}/
OCBIO BpaLIEHHUs). 4

CTATHKA

Jns paBHOBECHS TBEPAOrO Teja, KOTOPOE MOXET COBepIlaTs Bpalla-
TeNbHOE JBHKEHHE OKOJIO 3aKPEILIEHHOR OCH, HEOOXOIUMO, UTOOLI BbIMOJIHSA-

n
JIOChb YCJIOBKE ZM,, = 0. B 3aBHCHMOCTH OT TOro, 1o YacoBOil CTpeJike Wiu
i=0
NPOTHB Hee CUITbI BPalualoT TBEPROE TEN0, MOMEHTAM CHJ MPUNKUCEIBAIOT 3Ha-
K{ COOTBETCTBEHHO MUHYC HIIH TIIOC,
IAns paBHOBecHMS TBEPAOro TeJia B WHEPLIMANBLHON CHCTEME OTCYETa,
KpPOME BbILUENPUBENECHHOIO YCIOBUA, HEOOXOAUMO, 4TOOBI paBHOAEHCTRYIO-
as BCEX IPHIOKEHHBIX K HeMy CiJl ObUTa paBHa HyJIkO;

z":F,:o.
i=l
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DTOMY YPaBHEHWIO JKBMBAJICHTHA CUCTCMA YPABHEHHH A NTPOCKUMI
BEKTOPOB CHJl HA BLIGpPAaHHLIE KOOPAUHATHBIE OCH:

S(F),=0. 3(E),-0. $(F) =0.

Pannyc-BeKTOp F HEHTPa Macc CUCTEMbl MATEPHANBHEIX TOUEK OMPENE-
Zm:’.- _ Zm,-”i

- b}
2m, m

roe m, — Macca i-off MaTepHanbLHOH Touku; m = Zm,. — Macca CHCTEMBbI,

nsiercd no popMyne r =

7. — PaaMyC-BEKTOP i-0i MaTepHalibHOH TOUKH.

JekapToBbl KOOPAWHATBLI EHTPA MACC PaBHBI IPOESKUUAM 7 Ha KOOPIAH-
HaTHBLIE QCHU!

2

‘= Znﬂ:,-x,- = Z:yi _— Z:fz,- |

JIUHAMHKA MATEPHAJIBHOW TOYKH

OcHOBHOE YpaBHEHHE AHHAMHKHE MaTepHANLHOM TOUKH (8MOpoii 3aKkoH

Hbiomona)
F.'zméi:mﬂ)-:@:ﬁ',

dt dt
rae p=miy — UMIAYJIbC MaTEPUANLHON TOUKH, KT -M-C™,
Umnynbe ensibl FAt = mi, — mij,, I:FAt] =H-.c.
JABHieHHe MATEPHAJILHOI TOYKH 110 OKPYKHOCTH
ma, =F_,

n
rae F, — mpoexuus paBHOIEHCTBYlOWEH MPUITOKEHHDBIX K TOYKE CHI Ha HOp-
Maflb K CKOPOCTH; d, = ®’R = oV = v*/R — HopMansHoe yckopenHe;
ma, =F,,
rae F, — mpoekuus paBHOACHCTBYIOIWICH MPHIOXKEHHBIX K TOUKE CHJl Ha Ha-
NpaBiieHHE CKOPOCTH; a, = €R — TaHreHUMaNbHOE (KacaTenbHOE) YCKOPEHHE.
I"'apmonuyeckne Konebanns MmaTepHaabHOH TOYKH
F=—kx=-mox,
rie x — cMelleHHe (KOOpANHaTa) MaTEPHATEHON TOYKH OT NOJIOKEHHUs PaBHO-
Becus; © =27V =2n/T — uMKIHYECKas YacToTa.
3aKOH cOXpaHEeHHs HMIYJIbCa MJIs 3AMKHYTO# CHCTeMbl
"
p= Zm,.i)',. =const .
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PABOTA U DHEPI'UA
PaboTta, coBepuiaeMas noCTOSTHHOMi CHI0H
A=FScosa = FS,
TAe ¢ — YTOJI MEKIY HATIPABJICHUSIMHU CHIIBI H TICPEMEIICHHUS,
PaGora, coBepuracman nepeMenHoi CH.I06 Ha nepeMe ey S

A=[FdS = [P‘Sds = chosads JA4] = ok = How,
Y S

rac F; — MpOEKUMA CH.Ibl HA HATIPABICHUE MEPEMEILECHHS.
MrHoBeHHAst MOINHOCTE
N=d4fdr wm N =Fv=Fvcosa, [N]=Jx-c" =Br.
Kunern4eckasn JHeprus MATCPHAILHOI TOUKH
T =mv*[2.
Ces13b M3MEHCHHSE KHHETHYECKOi dHeprum ¢ padoToii IpU.10/KeHHOM
CH.IBI
2 2
my,  mu,
2 2
IoTeHiMAa IbHAA JHEPIrHS Te1a, NOIHATOIO Hal NOBEPXHOCTHIO 3EMIH
Ha BBICOTY h (< R, , rae R, — paauyc 3emin)
IT = mgh.
MoreHnmaaLHaa 3Heprusi rpaBUTAITHOHHONO B3aMMOXEIiCTBHS ABYX
MATEPUA ILHBIX TOYEK MAcCaMM /m, H M, , HAXOAAIIMXCS HA PACCTOSHHH 7

IpYT OT Opyra

A:

IT=-Gmm,[r.
MoTeHMaabLHAA 3Heprus rPABNTAIIHOHHOTO B3AHNMOACHCTBHA JIBYX
IApPOB MAccaMu m, H #t,
0=-Gmm,[R,
rae R — pacCTofiHIE MEXIy LIEHTPAMH LIAPOB.
PaGora ciJ1 Tarorenns B NoJic TAMOTEHHS 3CMIH

1 1
A=GmM| —-—1,
hon
T m — Macca Tena; M — macca 3eMin; 7 H 7, — PaCCTOSHIA OT LCHTpa 3eM-

JTH 10 HAYATBHOM H KOHEUHOI TOHYEK NepeMemeHHS Te1a.
MoTemmanbnas sueprua ynpyro n1eopMHpOBaHHOTO TeNa

2 L2
AT NPV KUHBI I"[=kx , 4_kx l\_xz_
2 2 2
1
J18 CTEPIKHA = ; [18 (I-1) = 1ES

0
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3aK0H COXpAHEHHS MEXAHMUYECKOH JIHEPruM AAs KOHCEpPBATHBHOI
CHCTEMBI T+ =FE=const,
rie E — nonHas MexaHuyeckasi SHEPrUsa CHCTEMBI.

JABHKEHME ILTAHET U
HCKYCCTBEHHbBIX CITYTHHKOB 3EMJIH (UC3)

v

Tunepbona

v>112xmfe

Cxkopocts aswxennss UC3 no kpyrosoit opbute Ha BhicoTe A Han nmo-
BEPXHOCTLEO 3eMITH

M
R+h’
IepBas kocMHuecKas cKOpocTb (Mpy A K R, Tak uto A =0)

v, = ‘fGﬂ =7,9-10° m/c,
R

rae M =5,96-10* kr - macca 3emnu.

Bropas kocmMuuecKasi ckopocTh (CKOPOCTb, TO3BOJIAIOLIAS NIPEONOETh
noAe CUN TArOTEHUA 3EMJITH)

v, =v2u, =11,2-10° m/c.

v=.,|G
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MEXAHUKA KUWJIKOCTH

uapocraruyecioe raesieHke c1oiifa sKuaKoeTd Ha rnybune A
P=pgh, [P]=H/m*=1Ila,

rae p — NAOTHOCTb KUAKOCTH.
3akoH ApxHMena
F W =-m.g,

rae FA — BbiTAJIKHBAlONIaA CHia, ﬂeﬁCTBy}Omaﬂ CO CTOPOHBI HENOIBHXHOM

XKUIOKOCTH (ra3a) Ha MOTPYXEHHOE B HEe Teno; M, — Macca BbITECHEHHOM

TEJIOM XKANKOCTH.
Ecnu %y aAKOCTE OAHOPOAHA,
m, =pVl

norp ?

rae V., — 00BbeM BBLITECHEHHOMN TEJIOM KHAKOCTH, P — €€ TUIOTHOCTD.

nerp
YpaBHeHHe Hepa3pbIBHOCTH IS HECKHMAEMOH MHAKOCTH
Sv = const,
rae S — mnowank NONEepeyHoro ceyeHrs TpyOKH Toka KHUAKOCTH; U — CKOpPOCTh
Te4eHHS KUAKOCTH.
YpaBuenre bepHyJIH O0f CTallMOHAPHOrO TEUEHWs WIEANbHOK He-

CKUMAEMO XHAKOCTH
2

v
32—+ pgh + P = const,

roe P — craTHyeckoe NaBieHMe )KHUIAKOCTH ANA ONpeNesEHHOro ceueHnsa Tpyo-
KM TOKA; U — CKOPOCTb XXMAKOCTH IUIA ITOrO e CeueHHs; h — BhICOTA, Ha KO-
TOpPOH PACNONOKEHO CEUEHUE.

®opmyna Topuuenu, no3eonsoLIas ONPEAEAHTb CKOPOCTh HCTEUCHHS
WHUIAKOCTH M3 MAlOr0 OTBEPCTHA B OTKPLITOM LIHPOKOM COCYRE,

v=.2gh,
rne i — rnyOuHa, Ha KOTOpoii HAXOAHTCS OTBEPCTHE OTHOCHTENBLHO YPOBHA
KHUOKOCTH B COCYy €.

CBfi3b MeXK1y YPOBHSMH H IUJIOTHOCTSIMM XKHMAKOCTeH B coobwalo-
IMXCS cocyaax

h_pa

hoop ’
rae 4 v h, - COOTBETCTBEHHO YPOBHH HECMELUMBAIOILHXCS XKUIKOCTEH OTHO-
CUTEJIbHO IPaHHUbl Pa3nena KUAKOCTEH; p, H p, — IUIOTHOCTH WHAKOCTEH.

Ecnu p, =p,, TO b = h,, T.€. ONIHOPOAHBIE XKNAKOCTH YCTAHABIIHBAIOTCA
B COOOMIAIOMUXCS COCYAAX HA ONIMHAKOBOM YPOBHE.
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SNEMEHTbI CNEUHANBHOM (HMACTHOWM)
TEOPHUHU OTHOCUTEJLHOCTH

IMpeoGpaszoBanus JlopeHua

x"+ vt , , ' +ox'fe
X =, Y=V, 252 t:——_—___——T
JI-(v/c) Ji-(vfey

Ilpennonaraerca, uro cucrema orcucra K’ v K'
IBHKETCS CO CKOPOCTBIO U B TOJIOXKMTEIbHOM .
Hal’lpaBJ’lEHHM OCH X CHCTEMbl OTCYETa K, npu-
YeM ABHUXKCHUA oceil x' B X COBIHN3OdKOT IO Ha-

NpaBieHnio, a ock ¥’ Wy, z' Wz napannenbHbl;

c¢=3-10° M/c — ckopocTb pacnpocTpaHeHHs
cBera B Bakyyme. Ilpu r=1"=0 Hauama koop-

AnHaT cucTeM oTcueta K u K' coBnanator.
PeasitTuBucrexoe 3ameieHne BpeMeHH

= To/\“ —(v/c)2 ,

rae v, — UPOMEXYTOK BPEMEHH MEXAY ABYMA COOBITUAMH, MPOUCXOAALLHMH B

OIHOH W Toi#t xe TO4YKE, OTCUMTAHHLIH ABHKYLUUMUCA BMECTE C TEIOM YacaMHu B
cucteMe oTcueta K, T° — NMPOMEXKYTOK BpeMEHH MEXAy TeMM e COOBITUSIMM,
OTCUUTAHHBIH MOKOALUMUCS HACAMH.

PeasituBucercekoe (JlopeHueBo) cokpalieHue ANHHbI

lzlmfl—(v/c)' ,
roe /, — JUIMHa cTepxkHS (CTepxkeHb pacnosoxkeH Baonb ocH Ox), M3MepeHHas B

CHCTEME OTCYETa, OTHOCHUTENILHO KOTOPO#H CTep:keHb NokouTca (cobcTBeHHas
1nHa); [ — JUIHHA CTEPXKHA, H3IMEPEHHAA B CHCTEME OTCYETa, OTHOCHTENIBHO KO-
TOPO# OH JABHXKETCH CO CKOPOCTLIO V.

Pena THBUCTCKHIT 3aKOH CJI0JKEHHA CKOpocTel

!
U = U, +v
U/t
X
rne U, - npoekuus aGComoTHON CKOPOCTH Tena (CKOPOCTH Tena OTHOCHTENbHO

cucrembt K) Ha ock x; U] — npoekius OTHOCHTENBHON CKOPOCTH Telta (CKOpPOCTH
Tena OTHOCHTENBHO cucTeMbl K') Ha och x'.
Macca pe/ISTHBHCTCKON YaCTHUBI H PeNIITHBUHCTCKHI HMIYJIBC

= m, ___my

ey | ey

rae m, - Macca nokos.



OCHOBHO# 3aK0H PEJISITHBUCTCKOH IBHAMHKH

. dp

F==—,
de
rie p-— peNnsTHBUCTCKUH UMINYJIhC YaCTHIlbI.
TMonuas ¥ KHHETHYECKAS IHEPTHNA PEJSITHBHUCTCKOH YaCTHLLI
E=mc’ =mc*+T, T=(m~-m)c’.
Caa3b MeXIy JHeprueii H UMIYJIbCOM PeJSITHBHCTCKOM YaCTHILbI
E* =mic* + p’c?, pc= T(T+2m‘,cz) :

OCHOBbI MOJIEKY.JISIPHOIN ®U3UKU U
TEPMOAHAMHUAKH

Macca mostexy bl (aToma)
m, =1,66-107M,, [my]=xr,

rae M, — otHOocHTenbHas MOJEKYNApHaA (aTOMHas) Macca BEILeCTBa;

—'mﬂc

12
rae m,, =1,995-107° kr — Macca atoMa yriepona.
B HacTosiee BpeMs 3a €AMHUIYY aTOMHOH Macchl nMpuHHMaloT 1/12 mac-
Cel aToma yrnepojaa, 1 a.eM.=1,66-10" kr, uto NMpPakTHYECKU COBMANAET C
Maccoll aroma Bogopoaa.
Yucno cTpyKTypHBIX 31€MeHTOB N (MonekyJ, aToMoB) B 1i000OM Tene

N=vwN, ='"A]Z‘ :

IAE V — 9HCIO MONicH B BeluecTse Maccol n; M =M, .10 (kr/mons) ~ Mac-

ca MOMs, WM MOJApHas Macca BemiecTsa; N, =6,02-10° moms™' — umcno

MOJNIEKYJl B MOJIe, HOCMOAHHAR Asoz2adpo.
ILnoTHOCTL BelnecTBa

=nm,,
roe V- o6veM BemectBa; # = N/V — KOHUeHTpallusA YacTHLL, M.
Ecnu npuHATb, 4TO MONekya (aToM) HMeeT opMy IapHkKa, TO €ro pa-

anye 7=y
4npN,

18



MOJIEKVJAPHO-KMHETHYECKAS TEOPHUS
HAEAJIBHBIX I"'A30B

OcHoBHOE ypaBHeHHE MOJCKYJISIPHO-KHHETUHECKOl TCOPHH HAealib-
HbIX raios

1 2 2 2 =
ngnmo(vn) , WIH PV:EN("'O (uﬂ)2/2)=§NE,

unu pV = %Nm0 (%)2 =§m(v,“,)2 ,

rie p — AaBienne rasa; ¥ — obbem; (v,,) - cpenHss KBaapaThuHas CKOPOCTb

MONeKYNl; £ — CPefHSfl KHHETHUECKas SHEPrUs MOCTYNATEILHOr0 ABHXEHUS
MOMNEKYNbl; 7 — KOHUEHTpaUUs MOJEKyJ; m, — Macca OXHOM MONEKynbl;

m = Nm, — macca rasa; N — 4ucno Monekyn B oobeme V raza.
3aBHCHMOCTL AABJICHHA ra3a 0T KOHHEHTPALHH MOJIEKYJl H Temme-

parypel
p=nkT,

rue k=R/N, =1,38- 107 Jx /K — nocmoanunan Boavumana,
R =8,31[Tx/(monb: K) ~ monspnan zasosan nocmosnnas.
CkopocTb M0J1eKY.

HauGolee BepoATHAS v, = 2RTIM =2kT[m, ;
Cpe/HAis KBalpaTHUHAS (V) =\3RT/M = J3kT/m, ;
cpenHsa apuMeTHUeCKas (v)=8RT/nM = [8kT[nm, .

Cpeansas KHHETHYECKAH JHEPrus

NpUXOALLAACA Ha OJHY CTenieHb cBoGomm Mosiekynbl  E = kT[2 ;

NPHXOAAmAACSA Ha BCE CTENEHH CBOGOABI MONEKY bl
(noanasn snepzus monexynvl) E =ikT/[2;

NOCTYNATENBHOTO ABHXEHHSA MOJIEKYJIb E, =3kT/[2;
3gech i — uncno creneHel cBoGoab! MoneKynbl; T — TepMOAHHAMHYECKas
Temneparypa, K.

VYpaBnenne coCTOSHIA HaeaJLHOro ra3a (ypasuenue Menoeneeea -
Knaneiipona)

pV =mRTIM,

rae m -— Macca rasa.

3axon Boiinn-Mapnotra (H30oTepMuyeckhii npouecc)

m = const, T =const, pV =const .
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3axon leit-JIroccara (H306apuyecKhii mpouecc)
m=const, p=const, V=V, (1+pr), wm
S e Vi T V
'=FB7 . wmu +=-L wm — =const.
2 2 T
3axon Hlapas (u30XOpHBII nporecc)
m=const, V =const, p=p,(1+as),nm
T
LA =L, wm £ = const ;
P L 1
3Aecy 1, — teMmncparypa no mkazge Heascuna, T =1, +273; I, u p, — cooT-

p=p,al , ui

BETCTBEHHO 06BeM M AaBaekue npu 0°C; f=1/273 K™ - kosdpuuucHT 06b-

eMHoro pacmmpenns; o =1/273 K' - repmudeckuit koadhduument namie-

HHA, HHACKCH 1 U 2 OTHOCATCA K MPOU3BOJILHBIM COCTOSHUAM.
3axkon JannToHA RS JABNEHME CMECH T'a30B

P=2.0,
il

IA¢ p, — NApUHATLHOE JABTICHHE /-TO KOMIOHEHTA CMECH (JABJIEHHE, KOTOPOE CO3~
Jasa1 Obl ra3, BXOJALUHIA B COCTAB CMECH, €CTH Obl OH HAXOOMACA B COCY IC OAMH).

BJAXHOCTDH BO3JYXA

Macca BOASHBIX NApOB /M, COASPMKAMXCH B CIHHHIEC 00BeMa BO3TyXa,
HA3LIBASTCH AfCo/HOMH O 81AXHCHOCMBIO 6030yXa:

p=mlV,[p]=xr/u’.

Temneparypa, npu KOTOPOH BOAAHLIC MAPBI, HAXOMALNMECH B aTMoCdiep-
HOM BO3IyX€, CTAHOBATCS HACHIICHHBLIMU, HA3LIBACTCA MONKOIE pOCHL.

Macca BOOAHBIX MapOB, COACPKALIMXCA B eOAHHALEC 00BEMA BO3OYXa B
COCTOSAHHMM BACBLILCHNA (MPH TOMKE pOCHI), HA3BIBACTCA MAKCUMATLHOU
61ANHCHOCMbIO 8030YXA D, .

OTHomeHue abCOMOTHOR BMAKHOCTH BO3AyXad p K €r0 MAKCHMANBLHOH
BIAJKHOCTH [, TpPH IJAHHOH TEMNEPATYPE HA3BIBACTCA OMHOCHMETbHOU
BNANHCHOCMbIO 6030yXa

r=plp,, r=(p/p,)-100% .

Bapomerpuuecran gopny.aa

Afg
_ g TR
p h p Oe 4
rae p, H p, — NaBICHHE ra3a Ha BHICOTE © W .
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OCHOBbI TEPMOJUHAMUKH

Cpeansia KMHeTHUYECKAN IHEPTUA MOJCKY.Ih)
— kT

rae i=n__ +n__ +2n

nocT epaw koned

— CyMMa NOCTYNATENbHbIX, BPAWATCbHBIX H Y-

BOSGHHOTO YMC/Ia KkoslebaTenblblX cTeneneil croboabl.

BHYTpeHHsIH JHEPrust HAea/1bHOIO ra3a

miRT
2M
IepBoe Hauai0 TEPMOIHHAMUKHY
Q=AU+ A4,

roe ¢ - KOJMUECTBO TENNOTHI, COOOIEHHOE cucTeMe; AU — u3MeHeHue ee
BHYTpeHHel sHeprun; A — paboTa cHCTEMbl NPOTHB BHELIHHX CHJI.

B xpyrosom (3amkHyTOM) npouecce AU =0, cneposatenvho, J = 4.

MDJIﬂprIe TENJIOEMKOCTH ra3a npud nocToAHHOM o0beme M 1OCTO-
STHHOM JaBJICHHNH

U=

j i+2)R
C, =i§, C, =u—, [C,,C] = Pk /(mons-K).
YpasHenne Maifepa
C,=C,+R.
Himenenne BHYTpeHHelH 3Hepruy N1€aldbHOro raza
AU = mC, AT .
M
PabaTta, coBepinaemasi razom npu HIMEHEHHH ero obLema
d4 = pdV.

Ionnas paGora npu H3ImMeHennn o0bLema raza
£
A= j pdV
h

rae ¥, u 'V, — cOOTBETCTBEHHO HayaJbHbil U KOHEUHBIH 00beM rasa.
Pa6ora raza
npu n306apHoM mpouecce { p = const )

mR(T, T,
A=p(V,-1), Az———(A; ‘);

NpK N30TEpMHUEecKoM npouecce (7 = const )

A=T Rt wm A= RTmE
M 4 M P,
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npu aauadarHom ripouecce (Q =0)
4= mCr (TI - Tz)

M
rae 7;, 7, -~ COOTBETCTBEHHO HauallbHag W KOHEYHas TEMNEPATypa rasa.

L}

Tepmuuecknii koxbdunuent nosjiesHoro aeicTBUS AN KPYroporo
npouecca (LUKia)

_A_9-0 ~0 :]_&
2 @ Q

rae O, — KOIMYECTBO TENAOTHI, MOTY4EHHOE pabouMM TEIOM OT HAarpeBaTelis;

n

(, — KONHYECTBO TEMJIOTHI, OTAAHHOE XONoaunbHuKy; A — pabora, coBep-
mwaemas pabounuM TEJIOM 3a LIHWKIL.

Tepmuueckuii kodpduunent nojesHoro aeicreusa nukiaa KapHo
(uMkna, COCTOSALIErO U3 IBYX U30TEPMHYECKHUX M ABYX aaHabaTHbIX MpoLEeccoB)

_T,-T,
I
rae 7, — TemnepaTypa HarpeBatens; 7, ~ TeMIepaTypa XOJ0ANWIbHUKA.

U3IMEHEHHE AI'PETATHOI'O COCTOSIHHA BEHIECTBA

KonnuecTBo TEN10Thl, He0OXoAHMOE A5 HarpeBaHusn Teja H BbiAe-
JIAEMO€ UM NIPH OXJ1AXKIACHHH

0=C(T,-T,), Q=cm(T,-T,),
rae m — Macca tena;, C — TEIJIOEMKOCTb TeNna, llx(/ K; ¢ — yaenbHas Termio-
emkocTb Bewectsa, Jik/(kr-K); T, u T, — HauankHas U KOHeHas Temmepa-

Typa Tena.

Konu4ecTBO TeN10ThI, He06X0AHMOE 17151 NJIAB/IEHHS KPHCTALIHYE-
CKOI'0 TeJ1a Maccol m, B3ATOr0 NpH ero TeMnepaType IUIaBIEHHS H HOpMalb-
HOM aTMochepHOM JaBIICHHH

Q=Am,
rae A — yldenbHas TEILIOTA [UiaBieHus Beuectsa, JIk/Kr.

KoauuecTBO TEM10THI, BHIACAAEMOE MPH KPHCTA/UIH3ANKH Tena Mac-
COM m, TaxXKe ONpeAenseTcs No yka3aHHO#H Bhille GpopmMye.

KonnuecrBo TenioTnl, Heo6X0AHMOE AJISl NpeBPALLEHHA B NAP KHA-
KOCTH Maccoii m, B3ATOH NpU TeMmIrepaType KHMEHUsS ¥ HOPMaJILHOM aTMO-
cthepHOM NaBIIEHHH,

QO=rm,
rae r — yAenbHas Tennota napoobpasosanus, Jhi/kr.
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KonnyecTBo TennoTbl, KOTOPOE BbiAEAAET Nap Maccoi m, KOHIEHCH-
PYACh NpH TEMIIEpaType KUMEHUs, ONpeAeNAeTca no Tol xke popMyne.
KoanyecTBo TennoThbi, BLLACHBILCECH NIPH NOJIHOM CTOPaHUMN TON-
JIHBA Maccoii m
Q=gm,
TA¢ g — yAeglibHas TEn1oTa CropaHun TOIJIUBA, H,)K/KI".

AKUIAKOCTH
TMoBepXHOCTHOE HATKEHHE
0'=é£ hlY o=£, [o]=H/m,
AS {

rae AE — noBepXHOCTHas 3HEPrus, CBA3aHHad ¢ MIoWansl AS MOBEPXHOCTH
MNEHKK; F — cula NOBEPXHOCTHOTO HATAKEHMSA, ACHCTBYIOLLAS HA KOHTYp /,
OrpaHHUMBAIOWHWE NOBEPXHOCTD KUAKOCTH.

BhicoTa noabemMa mMHAKOCTH r
B KanuuiapHoii Tpybke R/
e 26 cos0 \ | -
pgr [\ ]
rae © — xpaeBoil yron; ¥ — panMyc Kanumispa; - B_: t--4 &4
p - MJIOTHOCTb XXMAKOCTH; g — YCKOpeHue cBobol- el

Horo mamenus. [lpu 6 >0 (T. e. moBepxHOCTb === - —--- ———-
6nuska k chepuueckoit) h = 20/pgr.

TEIUIOBOE PACUIMPEHME
JInnefiHoe paciinpenne TBEpPAbIX Tejl
I =1, (1+aAT),
rae !;,l, — COOTBETCTBEHHO ANIHHA CTEPXKHs NPH JaHHOM Temneparype T M
npu Ttemneparype I, =273K; AT =T ~-T, — W3MCHEHHE TEMIIECPATYPHI;

0. — k03 PULMEHT THHERHOrO paciunpenus, K.
O6bemuoe paciiupeHye TBepAbIX Te

Ve =V, (1+BAT),
rae ¥, ¥, — COOTBETCTBEHHO, 00bEM TelNa Mpu NaHHOW Temneparype T u
npu Temnepatype T, =273K; AT =T -7, — u3sMeHeHHe TeMnepartyphl; B —

k03 puuHeHT 0GbeMHOTO paciupenna, K.
Jlna TBEpABIX TeJ BLITIOMHAECTCA COOTHOWEHME P =3a .
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O0beMHOe pacillipeHtie KHAKOCTH
V, =V, (1+BAT).
re B koadduument odseMuoro paciuupesns, K '

Ob6nemnoe pacuunpenne ra3os (saxen I'eii-/Ioccaxa) (w3obapuueckuii
npouecc)
m = const, p =const, V, =V BT,

rae V;, V, — cooTBETCTBEHHO 00BEM Tesa Npy AaHHOM Temnepatype 1" npu
temnepatype T, = 273K; B=1/273K™" - koddduumneHt o6LeMHOro pacuiy-
peHus rasa.

JJEKTPOAUHAMHKA

IJEKTPOCTATHKA
3axon Kysona
- |‘7|HQ2|
=
4ne.er
rae F— cuna B3aBMO/ICHCTBUS IBYX TOYEHUHBIX JIEKTPUYECKHX 3apAfioB ¢, U ¢,
B Cpele; ¥ — PACCTOAHUE MCKY 3apajaMi; € -- IU3JIEKTpHYecKas NpoHKHUae-
MOCTh Cpensl; &, = 8,85:10 > ®/m — srexmpuueckas nocmosnnaa.
fTorennnanbHas 3Heprusi B3aMMoOaCiCTBHA ABYX TOYEYHbLIX 3apsiiaoB
B BaKyyme
-4
4ne, r
MoTenunanbHAsA IHEPrUR CHCTEMBI, COCTOSILCH H3 HECKOILKHX 3apsLI0B

n=>r,,
i

rae 11, — noTeHunanbHas 3HEPrus B3aUMONEHCTBUS 3aPANOB i H j; CYMMHPO-
BaHHe MPOBOAMTCH IO BCEM Pa3NMYHBIM NapaM 4YacTHL. Hanpumep, mns uge-
toipex yactvu: I1=1I1, +11;+1II, +I1,, +I1,, +I1,,.

HanpsxkeHHOCTh H NMOTEHIHAT YIEKTPOCTATHYECKOI0 MOIf

4,

E= s (P=E, Wi ==

< |

rne F — cuna, neficTBYOUAA HA TIONOXUTENBHBIN TOUSUHBIH dnekTputecKHii
japan ', MOMEILEHHBIH B AaHHYIO TOUKy ross; [T — MoTeHUUanbHas IHeprus

3apana q’; A, — paGota CHRl ANEKTPUUECKOTO MOJIA N0 MEPEMEILECHHIO 3apiaa g’
13 AaHHOMH TOUKH NOJfis 3a ero npenaenbi (B 66CKOHEUHOCTD).
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ITocnenHUM paBEHCTBOM MOMHO 110J1b30BATLCA TONLKO B TOM Cliyuae,
KOI'Za 3apfil § MOXHO YAalluTh W3 11004, T.€. IEPEHECTH ero B TOUKY, [Ae No-
TEHLHANBHAA JHEPIUf B3AMMOACHCTBUA 3apalta ¢ C 3apslaMK, CO3AAOUMMH
rone, MOXET CHUMTaThCs PaBHON nynio. M oduopoduoco noias (L= const)
e;o npusMensims Hebsa!

CBai3b MEXKIY HANPSPKEHHOCTBIO U NOTEHIHANOM IEKTpOoCTATHYE-
CKOro noJist

do = —EdF ;
ecnu none oaHopoaHo, 1o ¢(%)-(7)=-E(f —7).
Ha“pﬂmeHHOCTb H NOTEHUHAJ NICEKTPOCTATHYECKOro 1noJjs Toyed-
HOTO 3apfi1a ¢ HA PACCTOAHMA » OT 3apsaa

Eo_ 4 q

M = B
Anger’ 4me Er

CBaA3b MeX1y HANMPAKEHHOCTSIMHA moJieil B quaiekTpuke £ U B Ba-
Kyyme £,
E=¢F,, [L] = B/m.
Mpuunun cynepno3nuin (HANO0KEHHUS) JICKTPOCTATHYCCKUX MOJei

Eziéi; (P:iq’n
il i

rne £ u @, — COOTBETCTBCHHO HanNpsXEeHHOCTb H NOTCHUHaJ Ioj, Co3Na-

t
BACMOI'0 3apsalioM ;.
ﬂllHeﬁHaﬂ, MOBEPXHOCTHAA H 00beMHAasi JIOTHOCTH IAEKTPHUYECKHUX

3apaaoB
_dg _dg dq
T=—1, 0=—, P=—7,
dl ds dv
T.€. 3apAl, NPUXOJAMHACH, COOTBETCTBEHHO, HA €AUHHULY UTHHBI, MOBEPXHO-

CTH ¥ 00beMa;
— . - 2, = 3
[t]=Kn/m; [o]=Kn/M*; [p]=Kn/m’.
Hanpsi>keHHOCTL IEKTPOCTATHYECKOIo MojiA oT GeckoHedHO npo-
THXKEHHO JEeKTPHUYECKH 3apRKEeHHOI NIaCTHHDI

-9 __6©
B 2e.e8 - Foe
HanpskeHHOCTb NIEKTPOCTATHYECKOrO MOV B IUIOCKOM KOH/IEHCaTOpe
_.9 _9°
8,85 .8

[I€ g — 3AEKTPHUECKUI 3apai 0AHOH MIacTHHBI KOHIEHCATOPA.
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Pa6oTa, coBepiuaeMasi CHJIaMH 3J1EKTPOCTATHYECKOr0 NOJIA NPH Tie-
pemMeleHHH 3apsaaa ¢ U3 TOYKH 1 B Touky 2

2 2
A, ZCI((Pl "(Pz):qU Win A, = J-Edl :qj-E,d/,
i i

roe E, — npoekumus BexTopa £ Ha HampaBleHHE 3NIEMEHTAPHONO Nepemelle-

Hug d/; U — anexTpuueckoe HanpsKeHHe MEXay Toukamu | n 2.

DJIEKTPOEMKOCTb YEIHHEHHOTO NPOBOAHHKA
C=gq/o,

FOE g — 3apal, COOOUIEHHbIH NMPOBOAHUKY; ¢ — NNIOTEHUMANT NNPOBOAHHKA.

DJIEKTPOEMKOCTb NPOBOASALLETO Wapa

C =4ng,R,

rae R — panuyc wapa.

JIeKTPOEMKOCTh IJIOCKOr0 KOHAGHCAaTopa

d

rae S — miomwaab KaxJA0H MJaacTUHbI KOHACHCATOPA, d - PpacCTOAHHUE MEXY
TUJIAaCTHHAMH.

3J'IEKTPOBMKOCTL KOHACHCATOpPOB INpH ROCACO08AMETTBHOM W napai-
ACABHOM COEANHCHHH

1 &1 .
C_z‘rauc_;c,,

rae C, — eMKOCTb i-r0 KOHAEHCATOPa; # — UUCII0 KOHAEHCATOPOB.
JHeprus yeAuHEeHHOro 3apsiKeHHOro NPoBOAHMKA

2 2 2
3Hepl'llﬂ B38HMOﬂ0ﬁ¢TBHﬂ CHCTEMBI TOYEUYHLIX 3apsmon
l n
W= Ezqi(pi ’
i=1
rae (p,. — MOTeHUHAaJ, CO3JIaBaeMLIﬁ B TOM TOUYKE, TI€ HAXOOHUTCA 3apsan q;,
BCEMH 3apﬂ11amn, xpome i-TO.
3Hepl‘llﬂ 3APHANKECHHOIO IIOCKOI'0 KOHAeHcATOpA

w_C89) _qre_g*

2 2 2C

roe g — 3apan konaexcartopa; C — ero 3eKTpoeMKocTb; A =U — pa3HOCTb
NoTCHUMANOB Mex(ny OGKJ'laIlKaMH.

?
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Cuia NpUTHXKEHHA MEXKAY ABYMSI pa3sHOMMEHHBIMH ob6xyankamMH
NJIOCKOro KOHAEHcaTopa

b q° o'S ggE’S
2,85  2g.8 2

IHEPrusi 31eKTPOCTATHHECKOTO N0JIA NJIOCKOTO KOHIeHcaTopa
_g8E'Sd  ggU’S  ggEV

2 2d 2
rae S — iowans OAHOH MWIACTHHB; U — pa3HOCTb NOTEHUMANIOB MEXAY IU1a-
cTvHaMK; V = Sd — 06bem KoHaeHcaTOpa.

O6heMHas NIOTHOCTL IHEPTHH YIEKTPHUECKOTO N01S

g,eE°
wy =
2

W

k]

MOCTOSIHHbIA DJAEKTPHYECKUA TOK
Cuna W IOTHOCTD IIEKTPpHYECKOI0 TOKA
1 =51; j=i; dim/ =1, [/]=A, dimj=L"1 [j]=A/M*,
dr S
rae dg — 3apan, NpoOMIEAIUWI uepe3 MonepevHoe cevyeHWe MPOBONHHKA 3a
BpeMs df, S — mnomans nonepeyHOro ceueHus NPOBOIHNKA.
T110THOCTH TOKA B NPOBOAHUKE
j= ‘Io"(v) )
roe (v) ~ CpelHss CKOPOCTb YIIOPAJAOYEHHOIO JBHKEHHS 3apAA0B B NPOBOJI-
HHKE; 1 — KOHUEHTPaUHuA 3apajoB, g, — 3apAl 4acTullbl — HOCHTeNA 3apAaa
(B MeTamne q, =e).
AC (31eKTpoABHIKY1ASI CHIIA)
st

rae q¢' — eNMHMYHBIN MONOXUTENbHBIA 3apsan; 4 — paboTa CTOPOHHMX CHJT MO

AEPEHOCY 3apsaia g OT OTPHLIATENLHOIO K MOJIOKHTEILHOMY NOJIOCY MCTOYHHKA.

Conporubiienne (R) ORHOPOAHOrO AHHEHHOI0 NPOBOAHHKA, €ro
npoBoAUMOCTE () H YAEALHAS JJ1eXTPHYecKas NpoBoANMOCTL (C) Bele-
CTBA NPOBOAHHKA

R=p—l; G=-1—; o=l; [R]=0m; [G]=Cwm; [c]=CMm/m;
hY R p
3[€Ch P — YIEJBHOE IEKTPHYECKOE COMPOTUBIEHHE; S — IUIOWAL Nonepey-
HOro CE4€HUs NMpoOBOAHHUKA, l—ero ANTUHa.
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ConpoTHBaeHHe NPOBOAHHKOB MNPH NOCAEA0BATENLHOM M NapaJj-
J1eIbHOM COeIHHEHUM COOTBETCTBEHHO

z &l
R = ;Ri u E = ’Z:El- ,
rae R, — COAPOTHBICHHE i-r0 NPOBOJKKMKA; # — YUHCIIO NPOBOAHHKOB.
3BBHCHMOCTI> YACABLHOIO CHHIPOTHBJ/IECHUA D OT TEMIEPATYPbI
p=p,(1+at), [p]=Om-m,

rlie o — TeMrepaTypHblit ko3pduuvenT conporusinenus, K™ ; p, - yaensnoe
CONMpoTHBJIEHHC npoBoAHKKa npu 273 K (0°C).

3akon Oma
NS OAHOPOIHOTO Y4acTKa LENH U = IR,
IS HCOUHOPOAHOI'O y4acTKa Lenw (¢, -¢,)=8,-IR;
ANS 3aMKHYTOH LenH E=1(R+7r),

riae U — HanpshXeHue Ha y4acTKe LEMNK; ¥ — BHYTPEHHEE CONIPOTHBIEHUE UCTOM-
HUKa ToKa; R — conportusiienne uenn (yuactka uenu); (@, —¢,) - pashocTs

NOTEHLIHANIOB Ha KOHUAX ydacTka Lenu; &, — anredpanueckas cymma I/C

MCTOYHHKOB TOKa, BXOMAUIMX B Y4acTok; & — anrebpamueckas cymma D]IC
BCEX MCTOUHWKOR TOKA LCTIH.

IMocnenoBaresibHOE CoearHeHHe 0ANHAKOBLIX JtemenToB DJIC Gatapen

by =né,
rae & 3J[C onHoro asneMeHTa, 7 - UMCJO 2JIEMEHTOB; BHYTPEHHEE COIPO-
THBNEHHE DaTapen K, =nr,
o né
TOK B NOJHOH Lenu 1= .
R+rn
ITapaasienbHoe coeMHeHHe 0THHAKOBLIX djieMeHTOB DJ[C Oarapeu
& =&;

BHYTpeHHee CONpOTUBIIcHHE Gatapeu r, = r/n;

6

" R+rfn

Pa6oTa nocTOAHHOTO TOKA 32 BpeMs ¢
A=1Ut=1"Rt=U%JR.

TOK B NONHOH LenHu

MOIHOCTEL TOKA
P=1U=1'R=U*/R.
3a BpeMsa ! B LENM NOCTOSHHOTO TOKa BhigensieTca Temiora Q= I°Rt
(zaxon [Incoynsn-/lenya).
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JNEKTPUUECKHH TOK B DJEKTPOJIMTAX
(BAKOHbI ®APAJESA)

M M
Nel FZ'

rae m -- Macca BECLUCCTBA, BbIACAHUBIICIOCA HA 3NCKTPOLE, k - ANCKTPOXHUMU-
YECKHI DKBHBANEHT BELIECTBA; ¢ — JJIEKTPHYECKUH 3apai, npolleAIlinii Yepes
JNEKTPOIINT.

Ecnu Tok I B uenu noctodHeH, To0 g = [Ar, Af — IPOMEKYTOK BPEMEHH,

m=kq;, k=

32 KOTOPBIA 3apsi MPOXOAMT 4epe3 3MNCKTPOAUT, Z — BaNCHTHOCThL HOHA;
F=eN,=9,65-10" Kn/mons — nocmosnnan ®apades.

Jns 3nexTpoJIKTOB cnpaBeU1UB 3aKoH OMa, Kak U AJ19 MeTallos,

MATI'HUTHOE NOJIE
3axon Amnepa F,=1iBsina .
Cuaa Jlopenua F, =quBsina.

Mexanuuecknii MOMeHT, N€HCTBYIOIIMA HA KOHTYpP ¢ TOKOM, NoMe-
LieHHbIH B ORHOPORHOE 1101
M = ISBsina = p, Bsina., n

rae p, = ISn — MarHMTHbI MOMEHT KOHTYpa C TOKOM,; o

-1

n — HOPManhb K MIOCKOCTH MOBEPXHOCTH §.

H3MeHenne MaruuMTHOi HHAYKLMH BHELIHEro
NOJISl B BellecTBE XapakTepM3yeTcsi MarHuTHOH npouu- S
L1aeMOCTHIO BELIECTBA

u=B/B,,
rae B, — Moayab MHAYKIMH BHEILHETO NMojs; B — MOTyb HHAYKLIMY 0011ero

Mo/ — BHEWIHETO M CO3AaHHOTO HAMArHHYEHHBIM TENOM.
BeuiecTsa, y KOTOpBIX |t > 1, HA3BIBAIOTCA NAPAMAZHUMHBIMHU; BELIECT-

Ba, Y KOTOPbIX WU <! — OuamazHumusimu; BeulecTsa ¢ u > 1 — geppomac-

HumHvimu.
TpuHuHn cynepno3uuny (HAN0KEHHS) MarHHTHBIX NoJieH

B=Y5,
f=1

rae B — WHAYKUMS pe3ynbTHPYIOLEr0 MarHWTHOTO 1ojs; B,

i

— HHAYKUHA
CKJ1aZlbiBAEMbIX MArHUTHbIX MOJEH.
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WHAYKUHS MATHHTHOTO NOJIA, C031aBaEMOT0 6eCKOHEYHO NJIHHHLIM
NPSIMbIM HPOBOAHHKOM ¢ TOKOM

ey
2nR
rae R- paccTosHHUE OT OCH MPOBOAHHKA.
MHayKuua MarHWTHONO NOJIA B LEHTPE KPYTrOBOr0 MPOBOAHHKA ¢ TOKOM
g bl
2R
rae R — panuyc KpMBH3HbI IPOBOAHHKA.
MHaykuuss MAarHMTHOrO MNOJIA BHYTPH coOJleHoMaa (B Bakyyme),
#MewoLiero /N BUTKOB

kd

3

Bzyi;vi:uonl,

rae / — 1nvHa CONEHOMAa; # — YUCIIO BUTKOB HAa €IMHHULYY IJUHbBI.
INoTok BeKTOpa HHAYKUHH MATHHTHOTO N0/ (MArHHTHBIHA ITOTOK)

® = BScosa, dim® = UMTI", [®]=Tn-m> =B6.

IJIEKTPOMATHHTHAA UHAYKUHS

3akoH ieKTpoMarHuTHO#H unaykunu @apanen-Jlenua

1. Tlpu “3MEHEHUH MArMUTHOrO NOTOKA Y€pe3 3aMKHYThIH KOHTYp B
KOHTYpe Bo3HMKaeT 3JIC HHAYKUMH, NPONOPLUHOHANLHAA CKOPOCTH H3MEHe-
HUA MAaruMTHOTO Notoka (3axex @apaden) s cncteme CH:

& =—-dd/dr.

2. HanpaBneHHe HHIYKUMOHHONO TOKa TaKOBO, YTO CO3AaBacMOE WM
MarHHTHOE MOJIE KOMIIEHCHDPYET HU3MEHEHHE MarHMTHOro MOTOKA, MOPOAUB-
uiee HHAYKUHOHHBIR TOK (npasiio Jlenya).

MaruutHoft NoToK, co3aaBaeMblIil TOKOM [ B KOHTYpE ¢ HHIYKTHBHOCTLIO

D=Ll [L]=B6/A=TH.

IAC caMOHHAYKLHH E, = —ﬂ .

dr

JHeprua MarHUTHOIO NOJIN, CO3AABAEMAA TOKOM B 3JaMKHYTOM KOH-

Type HHAYKTHBHOCTLIO L
w=LI[2.

O6beMHast MJIOTHOCTH JHEPrHMH OJHOPOAHOr0 MATrHMTHOIrO mMOJs

IJIHHHOTO COJIeHOHIA
BZ
2p0p

. [wl=Tx/m .

Wy =

s
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KOJIEBAHNS U BOJIHbI
MEXAHHWYECKHE U DJIEKTPOMATHUTHBLIE KOJTEGAHUSA
Y paBHReHHE rapMOHHYECKHX Ko.1e0annil
x = xgcos(0y0+,),
rie x — cMeuienue konebntouleitcs MaTepHanbHON TOUKU OT MOJOMKEHHA PaB-

HOBECHA; X, — aMIuIUTyaa konebannii; o, = 2n/T = 2nv - Kpyrosaa (UMKIN-

yeckas) 4yacTtora, ¢

; v=1/T - uacrora, I'u; T — nepuon koneGauwii, c;
¢, — HavanbHas ¢aza.

CkopocTh ¥ yckopeHHe MaTepHa/ibHOH TOYKH, cOBepuiatowiedi rap-
MOHMUYECKHE KOJie0aHuRA

dx . n
V==X, sin(©yf + @ ) = x,0 cos| w0yt +@, =
t

dv d% 2 3
A== =0 cos{ @yt + ¢, ) = —0px .
HHeTHYeCKas JHeprus Ko,1e0/101elcs TOYKH MACCoi m
K cK e 0.,1¢0. i 0 coil
2
mv .o (o +
K=—"=mxlo} sin? (2ot ¥ 90}
2 2
HoTeHuuanbHas 3Heprus
0, +
M= mx; o3 cos’ ©f+9)
2 .2
mx;0;

Hoanan sveprus E=K +II=

AuddepeHunanbioe ypaBHeHHEe rapMOHHYECKHX KoJse6anHH MaTe-
pHaNbLHOM TOUKH Maccosi m

mx =—kx, X+w;x=0,
rae k = mo. — ko3pGHUHEHT KBA3HYTIPYTOil CHITHI.
Tepunon xoe6anuli Npy’KMHHOIO MAATHHKA

T=2n\/E,
k

rae m — Macca NpyXWHHOTO MasTHUKA; k — YKECTKOCTb MPYKHHLI.
Iepnoa konebannii MaTeMaTHYECKOro MAATHHKA

T=2n\[z,
g

rae I — nnuna MasTHMKA.



AnddepennnanbHoe ypaBHeHHE ¢BOOOAHBIX FAPMOHHYECKHX KOJIe-
OaHNH 31eKTPHUYECKOro 3apsia B KOHTYPE U €10 pelleHue

aa 3
g+myg =0,
rae w, = | \/ LC - cobcTBeHHBas yacrora konedalnil B KOHTYpe;
L)

g =g, cos(0,t+9,);
. d . o
i= :;i = —g,0, sin (w2 + @, ) = =iy sin (o0 + @, );

I A, (S
C Csin(wg+9,)
®opmyaa TomcoHa, ycTaHaBIMBaloOWasg CBA3L MEXIY nepuoaoM 7T cob-

cTBeHHbIX konebanuit B LC-koHTYpe 6€3 aKTHBHOIO COMPOTHBIEHUSA, HHAYK-
THBHOCTBIO L H €MKOCTBIO KoHTYpa

T=2nJLC.

NEPEMEHHBIN DNEKTPHUECKHII TOK

BsiHyxknaehHbie 3iekTpuyeckue koaedanua [POMCXOAAT B UENAX IOA,
neiiCTBMEM NMEPEMEHHOTO HANPMKEHHA, MEHAOLIEroCA ¢ YacToToOH ® =21V
MO CUHYCOMAANLHOMY WJIH KOCHHYCONWAATBHOMY 3aKOHY

U=U,sinot wm U=U,cosnt,
rae U, — aMiLIMTYAa HaNpsKEHUs.

Cunna Toka B moboi MOMeHT BpeMeHU (MTHOBEHHOE 3HAUEHHE TOKA)

i=1,sin(or+0¢),

= U, cos(gf + @y ).

roe /, — aMIIMTyda TOKa, a ¢ — pasHOCTh {caBHr) da3 MexIy KoneGaHuAMU
TOKa ¥ HANPSIKCHUR,

AKTHBHOE CONPOTHRJICHHE

Hanpsakenne Ha 3auMax UelNy ¢ pe3HCTOPOM CONPOTHRICHHEM R MeHA-
etca no 3akony U = U, cosw?, Torna

. U U,cosmt U,
i=—==2— =] cosot, [,==L,
R R R
MrHoBeHHasi MOLHOCTD HA YYACTKE C AKTHBHLIM COMPOTUBJIEHHEM R .
P(t)=i'R
Cpeausisi MOLIHOCTH P=I2R/2.

Ileiic'rayloluee JHaYeHHE NEPEMEHHOr0 TOKA MW HANpHKEHHHA, COOT-
BETCTBCHHO

—~
il

=
(-
&l

Upy=

sie
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Cpezmsm MOIONHOCTE NEPEMEHHOI'0 TOKA Ha YYaACTKE LENH, Coaep-
JKalleM TOJILKO AKTHBHOE CONIPOTHBJICHHE

P=1 121R =Uyl, .
EmkocTHOE conpoTHBIeHUE
Hanpsxenue Ha KOHIEHCATOpPE PaBHO HANPMKEHMIO 11a KOHLAX ULEelu
U=q/C=U,cosot, u 3apal KOHAEHCATOPA MEHSETCS MO 3AKOHY

g =CU,cosnt; a Tok
i=q'=-CU,osinot = —CUOmcos(mH%J =1, cos(mt+-§-j,

rae 1, = CU,» —amnauryna toka; U, =1, /oC =x.1,;
x. =1/0C Ha3blBaETCS EMKOCHIHBIM CONPOMUBIEHUCM.

HUHayKTHBHOE cONpoTHB/IEHHE

Ha yuacTke 2/1eKTpH4eCKOi LIeNH ¢ MallbiM aKTHBHbLIM COMPOTUBIIEHHEM R
¥ 00JblIOH WHAYKTHBHOCTBIO L MpW M3MEHEHMH TOKAa NO rapMOHHUYECKOMY
3aKOHy i =/,CcOos®! HaNpAKEHHE HA KOHLAX LIENH UIMEHSETCA TaKKe 0 rap-

MOHH4YeCKOMY 3akoHy. Takum o6pa3oMm, HanpskeHue U Ha ydacTke UeNU
MOXXHO NPUHATH PABHLIM MO MOAYNH W NMPOTUBOIMOIOKHBIM No 3Haky DJC
CaMOMHIYKLWH Karywkn: U, =—E =-Li’, Torna

1y

U, =-E, =-Lol,sinot = Lol,sin (mt+§} =U, cos(mt+§j,

rne U 1, — AMIMTY1a koslebaHuit HampsHKEeHU Ha KaTyLuKe;
U, =oLl, wiw U, =x]1,,
X, = WL Ha3biBacTCA UHOYKMUBHBIM CORPOMUBICHUEM.
3akon Oma 419 dIEKTPHYECKOH Heny NepeMeHHoro ToKa

PaccMoTpuMm (CM. pHC.) Uefb C aKTHBHLIM R, eM- U(t)
KOCTHbBIM Xe H HHAYKTUBHBIM X; CONPOTUBJIEHHAMH. ~
Ecnu HanpseHHe reHepaTopa U3IMEHAETCA 10 3aKOHY I C
U =U,sinwf, TO TOK B LIeTH H3MEHAETCA NO 3aKOHY R
i=I,sin(or+¢). L

B uenu ¢ nocnenoBaTenbHbIM COEAHHEHHEM DIIEMEH-
TOB TOK [ B KaXbli MOMEHT BpEMEHH BO BCEX YYACTKax LieMH OJMHAKOB, 8 CyMMa
MTHOBEHHBIX 3HaueHMit HampshkeHMi Ha conpotvBieHMM R (U,=iR), eMKocTH
C(Uq=ix.) v unpyktusHoctd L(U,=ix,) paBHa 3HAUCHMIO NPHIOKEHHOIO
Harpshxkenus U=iZ (Z - nosHoe CONMpOTHBIIEHUE LIETH NTEPEMEHHOrO TOKA) B TOT

K€ MOMEHT BPEMEHH:
U=U,+U.+U,.
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Bextopuasi cymma BektTopos U, U .» U, paBHa HalpsSXKEHHIO FeHepaTo-

pa: U, =U; +{U, —U(.)z,

2 2
OTKyZa Z=,R +(x,‘ -x.) .
Casnr ¢asm @ Mexny TOKOM H Hanpsxke-
HHEM TaKXe MOXeT ObiTh ONpeaeseH 13 BEKTOp-
HOIl AnarpamMMmbi:

U, R R
cosp=—=—=

u, Z 2

~U(t)
PaccMOTpHM Li€TIb NEPEMEHHOTO TOKA, CO- T

IepKallylo MapaieNbHO COCIMHEHHbIE aKTHBHOE
COMpPOTHBICHUE R, HHAYKTUBHOCTL L ¥ emKkocTs C.
B uenb nogaerca nepemenHoe Hanpmxenne U(f) = U, cosot.

HanpskeHHe Ha BCex NapaifieibHO COSMHHEHHDbIX 3IEMEHTAaX OINHAKO-
BO W paBHO NPWIOKEHHOMY HanpsxeHuto U(!) . MrHoBeHHOE 3HaueHHe ToKa
B pa3BeTBieHHOH uenu /(!) paBHO anreOpaH4eckoil cyMMe TOKOB B napaj-
JIEJIbHBIX YYacTKax:

=1, +1-+1,.
BexropHas sMarpamMma, COOTBETCTBYIOLLAS 3TO#H

U, uenu, nzobpaxena cnesa. YuuTbiBas CBs3b MEXIY
aMIUTUTYAHbBIMH 3HAaYEHHAMH TOKOB B pa3iHYHBIX
J/IEMEHTAX H aMIUTUTY AHBIM JHAYCHHUEM NPHIIOKEHHO-
TO HafpMKEHHA, NONyYaem

'

U, =1,R =EI)% =1, 0L.

C nomomsi0 BEKTOPHON AWarpaMMbl MOXKHO
HAWTH BHIPAXXEHHE LTS aMILIHTYAbl TOKa:

1 (1 ’
Iy =Uy [+ —-0C
R ol
W A1 caBura no ¢gase Mexay MpUIOKEHHBIM HANPS)KeHHEM H TOKOM
1
tge=R| —-wC|.
ol
JIns MrHOBEHHBIX 3HAYEHHH TOKA B OTAEC/IbHBIX BETBAX LIETH
U,cos{wt—n/2 n
== ( / ); 1. =U,0Ccos mr+-:-2- .

I, =U,coswtfR; I, 7
®
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MOLWHOCTL B I1ENNA NEPEMEHHOTO TOKA
P=1U,cosp/2=1Uy,coso,
riae ¢ - COBUT daski MEXIY KoneGaHUSAMHU CHNbI TOKA M HANPAXKEHNS.
Pe30HAHC B LLeNU NEPEMEHHOrO TOKA HACTYMAET NIPH COBHANIEHUY Yac-
TOTbI IEPEMEHHOTO TOKA (O C 4acTOTOH cBOOOAHBIX KONebaHuii w, B KOHTYpe

w, =I/LC, T=2nJLC.

BOJIHbI
CBA3b UVIHHDbI BOJIHBI A, nepuoaa T Ko/eGaHHit H 4aCTOTBI V
A=vT;, v=2Av,

riae v — CKOpoCTb PacnpocTpaHeHus kosebanuit B cpene (ghazoean ckopocms).
YpaBHeHHe MJIOCKOH BOJIHLI, PACAPOCTpaHAIOLIEHCS BACTb MNMOIOKH-
TEALHOFO HANpPaBIeHUs ocu X,

E(x,1) =&, cos(wf —kx +9,),
rae £(x,1) — cMelleRne ToueK Cpelbl C KOOPAMHATOM X B MOMEHT BPEMeHH 7,
£, — amMIuKMTYAa BOJHBI, ® - LHMKIMYeckas (KpPyroBast) 4acToTa,
k =2xn/\ =2n/vT = wfv - BONHOBOE UMCTIO; A — /UIMHA BONHBI; U — (a3oBas
ckopocTb; T — nepvoa konebanus, ¢, - Hauanbhas pasa konebanuii,

Ecnu B HexoTopo#i 061acTH NpOCTPaHCTBA NPONUCXOIUT HATOKEHUE BOJTH
OIlHO# NpPHPOAbLI, CO3AAHHBIX ABYMH WIH Hojlee UCTOYHUKAMM, B Clydae COB-
MaaeHUs 4acToT konedaHHii MOKHO HabI0AaTh UHTEPOECPEHLIMIO BONH.

PazHocTs ¢a3 xoseGannii, Co3faHHbIX IBYMS UCTOYHUKAMU

8p = kA = 2nAfN,
rie A=x,—x;; x; (x,) — paccToaHHe MeXIY TOYKOH HaOMONAEHHs U IEPBBIM
(BTOpLIM) MCTOYHHKOM BOJIH.
B Toukax, onpenenseMblX ycrnoBueM O¢ = 21t(x2 - X, )/7& =12ntm unn
(x,-x)=£mk (m=0,1,2...), xoneGanna yCHIHBAIOT APYT APyFa ¥ Pe3yis-
THpYIOILEe ABHXEHME NPEACTaBAsET co0O rapMOHHUYecKoe KojlebaHue C yac-
ToTOM © W ammuTyno# (&, +&,).

B Toukax, wia Kotopsix 8¢ =2m(x,-x )}/A=t(2m+1)n wim
(x,—x)=2(2m+1)1/2 (m=0,1,2..), xoneGanus ocnaGasmor Apyr apyra
M pe3yNbTHPYIOllEe ABUKEHHME SBISETCS rapMOHHMYECKHM KonebaHuem ¢
ammmutynoi (&, —&y, ). B gactHom ciyuae, xorna &, =&, , koneGanus B
3THX TOUKaX Gy1yT OTCYTCTBOBATD.
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Yacrubiil cayyaii unrephepeHunn HaOMONAETCA INPH HaNOXKEHHH
ABYX BCTPEUHbIX TUIOCKUX BOJIH C OAMHAKOBOH aMILINTY noH. Bo3HKUKaOWWKWii B
pe3ynbTate konebaTeNbHbiii TPOLUECC HA3bIBACTCA CIOAYEH 60AHOMU.

PaccTrostHua Me)Kay COCeANUMH Y3JIaMH CTOAYEH BOIILI

Ax, =A[2,

rae A — anunHa 6eryiuei BoNHbL.
PaccTosiHUR MeXKAY COCENHHUMH HYYHOCTAMU
Ax, = A[2.

CkopocTb npndo1bHoil BOAHBI B YIIPYTOM TBEPIOM Tene

nonepeunoﬁ BOJIHBI
G
v=_j—,
Ve
rae p — TNOTHOCTH Te.na; E — MOlly.ﬂb yllpyl‘OCTH Hiu MOl]y.ﬂb lOHra;

G — MOAyJib CABUTA.
YpaBHeHHE NJIOCKO#H 3/1€KTPOMATHHTHOI BOJIHbI

E=E,cos(wi—kx+¢,), B=B,cos(at-kx+q,),
rae E, n B, — COOTBETCTBEHHO aMNNUTYAa HANPAKEHHOCTH IEKTPHUECKOTO U
MHYKUMH MarHUTHOTO NOAA BONHLI, (0 — KPYroBas 4actoTa; k = /v — BOMHoO-
BOE YHCIIO; (P, — HaualibHble (asbi koneGanyii B TouKax ¢ koopanHatoil x = 0.
®a30Bas CKOPOCTb PACHPOCTPAHEHHS HACKTPOMATHHTHBIX BOJIH B cpelie

V= 1 _ ¢
rae c= 1/ \/E;_op—o — CKOpOCTH PAacNpOCTPaHEHHR INEKTPOMArHHTHLIX BOJIH B
BaKyyMe; €, | — COOTBETCTBEHHO 3IEKTpUYECKasds U MarHMTHas MpoHHLae-

MOCTB Cpelpl.
Cesizb Mexay a6comoTHBLIM MoKa3aTesIeM MPEIOMIICHHS B AHIJIEK-

TPHYeCKOH NPOHHUAEMOCTLIO BelECTBA
n=.eu.
Jns G0oNbLIKHCTBA NpO3pauHbIX cpea W =1, W, cheaoBatenbHoO, # = Je.
O6beMHaA NJIOTHOCTL IHEPTHH FTEKTPOMATHHTHOIO NMOJIS
gg,E’ B
= + .
2 2um
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ONTHKA
3AKOHbBI OTPAXKEHNS U IIPEJTIOMJEHHS CBETA

3akoH oTpaxceHus cBerTa

Jlyy, nanatowuii Ha rpaHuLly pasaena cpex, HopManb K
NOBEPXHOCTH pasfiena cpel, BOCCTAHOBJIEHHAs B TOYKE Ma-
IEHUA 1yYa, U OTPAXKEHHBIN JIyY JIEXKAT B OJHOH TWIOCKOCTH. n,
ITpu 3TOM yron oTpakeHus i (MeXIy OTpPamKeHHbIM JIYUOM

H HPMaIbIO K fIOBEPXHOCTH) paBeH yrily NageHus i, (Mexay

AJAIOLIMM JTYUOM K HOPMAIBIO K MOBEPXHOCTH), T.€.
L
i =i .

3aKoH npesioM/eHUs CBETa

Jlyu, nanatoimmii Ha rpanuily paszaena cpen, HopMalb K MOBEPXHOCTH pasfe-
Jia cpell, BOCCTAHOBJICHHAsA B TOYKE MAAcHHA Jyda ¥ NPEJIOMICHHBIH JIyY JIEXKAT B
oaxoit nnockoctu. Tlpu 31OoM yron npenomnieHuus i, (MeXIy NMpeJOMAEHHbIM
JIYHOM M HOPMaTBIO K MOBEPXHOCTH) CBA3AH C YIJIOM NMafeHus i, COOTHOLIEHHEM

sini, fsini, = n,,,

rae m, =n,[n, — OTHOCHTENBbHBIA NMOKA3ATENb NPENOMIEHHMA BTOPOA Cpeas
OTHOCHTE/ILHO NEPBOM; n, M n, — abOCOMOTHBIC TIOKA3aTE/H NPETOMIICHHUA

NEPBOI Y BTOPO# Cpelbl.

MpeneibHbiii yroa nojHOro BHYTPEHHEro OTPasKeHHN NMpHU pacnpo-
CTPAHCHHH CBE€TA H3 CpeElbl ONTHYECKU fonee myIoTHOI B cpeay OMTHYECKH
MEHEE MIOTHYIO

sini, =n,[n =n,.
®opMya chepuieckoro zepkana
1 1 1 R
—t—==—, F
d f F 2
rie d M f — COOTBETCTBEHHO PAacCTOSHME OT MOMOCA 3epkana [0 NpeaMera

m3o6paxkeHust; ' — (okycHoe pacctosiHue 3epkana; R — paIuiyc KpHBH3HBI 3€pKara.
OnTHYeckast cHJIa TOHKOM JTHH3bI
1 1 1
D=—=(n_-1)) —+—|, [D}=m" = anmp,
rae F — GoKycHOe pacCTOAHHE JTWH3bY; 71,,, = N, [n,, — OTHOCHTENLHBIH Noka3a-

TeNb NPENOMIIEHNs; 1, W A, — COOTBETCTBEHHO aOCONIOTHBIHA NokasaTeNlb npe-
JIOMJIEHUs IHH3bI U OKpYXalollel cpeabl; R, U R, — paauMycbl KPUBH3HbI NO-
BepxHocteit (R, >0 ans Boinykioli noBepXHOCTH; R, <0 — njis BOrHyTO#).
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®opMyJia TOHKOH JIHH3bI J
1,1 1 , _
d f F . F
rie d ¥ f — COOTBETCTBEHHO paccTosHue OT d f
ONTHYECKOTO LEHTPa JIWH3bl A0 NpenMera W
U300 paXKeHus.
JluneiiHoe yBetHUEHHE JIMH3BI

r=-‘i.=l_f.'.
o |d

DPOTOMETPUA

Cuna cBeTta
I =®fw,dim! =1, [I]= xa(xaunena),

rae @ — cBETOBOM NOTOK HCTOUYHHKE, [CD]= KN-CPp = IM; @ -- TENIECHBIH yrod,
B NpeAesiaX KOTOPOro 3TO H3JyyeHWe pacnpocTpaHsercs, cp (crepaauaH);
dimow =1.

Honneiii cBeTOBOIl NMOTOK, HCYCKaeMblii H30TPOMHLIM TOYEYHBIM HC-
TOYHUKOM

O =4nl,

rae /] — cuna cpeTa HCTOYHMKA.

CBeTHMOCThL NOBEPXHOCTH

R=a/S, [R]= am/m?

rae @ — cBeToBOIl NOTOK, HCNYCKAaeMBIM NMOBEPXHOCTHIO, S — NNoMANk 3TOMH

TNOBEPXHOCTH.
ﬂpKOCTb cBeTHIelcs NOBEPXHOCTH B HEKOTOPOM HANpPABJIICHHH

_ _ 2
B, =I{(Scos9), [BJ =xa/m?,

rae I — cuna cBeta; S — mnomaab NOBEPXHOCTH; (P — YTol MEXIY HOPMAIbIO
K 3JIEMEHTY NOBEPXHOCTH Y HanpapjieHHEM HaOMOJCHHS.

OcBelleHHOCTL MOBEPXHOCTH

E=/S, [E]=am/m® = nk(moxc),

rae <P — cBeTOBON NOTOK, NAJAILIMA HA MOBEPXHOCTh; S — MaOaAb 3TOH
TIOBEPXHOCTH.

Caa3b cBeTHMOCTH (R) H ApkocTH (B) Npu yCI0OBHH, YTO APKOCTH HE

3aBHCHT OT HANpaBJIEHUA
R =nB.
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UWHTEP®EPEHLIUA CBETA
CxopocThb cBeTa B cpene
v=c¢/n,
TAi€ ¢ — CKOPOCTb PaclpoCTPaHEHHUs CBETA B BaKYYMe; 1 — abCONIOTHDLLA 1NoKa-

3ateNb NPEJOMJICHHS Cpelbl.
PasHocTh (a3 ABYX KOT€PeHTHbIX BOJIH

50 2n(L, - L,) _2mA

A A,

rae L =Sn — omTHyeckas AJMHA TYTH (S — reoMeTpuueckas ANWHA NMYTH)
CBETOBO/ BONHBI B Cpele; n — MoKasarenb NPEJOMIEHUS 3TOH Cpenbi;
A= (L2 - L,) — ONTHYECKas Pa3sHOCTb XOJa JBYX CBETOBBIX BOJIH; A, — AJNIMHA

BOJIHBI B BaXyyMe.
YcnoBHA MAKCHMYMOB H MHHHMYMOB HHTEHCHBHOCTH CBETa NpH
uHTep(hepeHLIUH BOJH

2m\ L (2m ;1)1 (

A :i-—z— (m=0,],2...), Amm =X m=0,l,2...).

max

HInpuna naTephepeHUHOHHOH NOJIOCHI
Ny
d

rae d — pacCTOsIHHE MEXIY ABYMS KOTEPEHTHLIMHM HCTOYHMKAMH, HAXOMALM-
MHCS Hd PaccTOSHMM | OT 3KpaHa, TApaUIeNsHOTO MPAMOIt JIMHHM, coenu-
Haouei 06a ucToUHUKA, NpH yenoBuu / >> d.

YcnoBHS MaKcuMymMoe Npu HHTepPepeHIIHH CBeTa, OTPAKEHHOIO OT
BepXHe# M HWKHEH NMOBEPXHOCTeH TOHKOM IUIOCKONapajLiesibHON MIeHKH,
Haxofsmetica B Bosayxe (n=1)

2dncosri%°—=2d\/n2—sinzii%=m}\.o (m=0,1,2...) wm

2dncosr =2dn’ —sin’i = i-(—zm—-;l)—?i (m=0,1,2..).

Ycaosus AJIA HHTepd)epeHllHOHHblx MURUMYMOE8 OTPANKCHHA
2m+1)A
2dncosri-};—°=2d nZ _Sinz i:t;\'_zo=( m 2 ) 0 , WIH

2dncosr =2d\'n’ —sin’ i = m\,,

rae d — TONUHHA IVICHKH; n — €€ NOKa3aTeNb NPCAOMJICHHA, i- Yroj nagcHns,
¥ — YroJ npCAOMACHHA.
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Bropoe cnaraemoe A, /2 B 3TUX (opMynax yuMTLIBAET WIMEHEeHKe On-
TUUYECKOH /UIMHBI [TYyTH CBCTOBOM BOJIHBI NPU OTPaXEHHUU €€ OT Cpenbl ONnTU-
yecku 0oJiee rOTHOM.

Paanycst ceemasix konen HoI0TOHA B 0TpakeHHOM cBeTe (MM TCM-
HbLIX B [IpOXOAsALICM CBeTe)

ry = J(m=Y2)AR (m=0,1,2..),

rne m — HOMep Konblia; R — paanyc KPUBU3HBL THH3bI.
Panuycel memubix konen HeloToHa B OTpaxeHHOM cBeTe (WM CBET-
JIbIX B TIPOXOASLLEM CBETE)

v, =JmA,R (m=0,1,2..).

ANDPAKLIUA CBETA

[Tpy HOopMmanbHOM nNafeHWM ceeta Ha AUGMPaKUHOHHYK) peLIeTKY FiaB-
Hble MAKCHMYMbI HAGMIOAAIOTCA TI04 YIIaMH AMPPAKLHH ¢, COOTBETCTBYIO-

UMM HHTEpPEPEHUHOHHBIM MakcHMyMaM dsin@ =1tmA , rae d — nepHoa

andpakuMoHHOH pemeTkn; m =10,1,2... — MOPAAOK I1ABHOrO MakcumMyma.
Iepuoa tnppaknHOHHON pemleTKH
d=1/N,,

rae NO — HYHACIIO LllC.J]Cﬁ, NOPUXOAsILLIMXCA HAa CAMHULY IUTHHbI PEILICTKH.

PU3UKA ATOMHOI'O SIIPA
U JJIEMEHTAPHBIX YACTHII
KBAHTOBASA NPUPOJA UIJIYHEHHSA
JHEPrUsi KBaHTa 3J1EKTPOMarHUTHOrO U3AY4eHUs
E=hv= hc/ A,
rae h=6,63-10" Jlx-c — nocmoannan Inanka.
Ypasnenne JiiHwiTefina A1 BHelwHero ¢gporos3ddexta
E=hv=A4+T,,
rie E=hv - 3Heprusa d)OTOHa; Najialolero Ha MOBEPXHOCTE METaNna;
A — paboTa BpiXOAa 3NMEKTPOHA U3 MeTamna; 7., — MakCHMajibHas KHHETHYE-

CKasi SHEPrus POTONIEKTPOHA.
«Kpacnas rpaHuua» gpotodddexrta 112 1aHHOrO MeTanna
A he
Vo =—, Aj=—
h 4
rae A, — MakCUMalbHast JUINHA BOJIHbI M3JAY4€HHs; V, — MHHHMAJIbHas Yac-

TOTA, 1pH KOTOpoii PoTo3ddeKT elle BOIMONKEH.

1
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Macca » umnyanc ¢poToHA
e hv hv
m="5=== ="
C C [

rae hv — 3Heprus QoToHa.
H3MeHenue MAJIMHbI BOJIHBI PEHTFEHOBCKONO
M3JTYYEHHS TIPH KOMNTOHOBCKOM PACCesIHUH

AL =L"=A =L(l—cos9) =
mye myc

sin’ 8. 2, sin’ g,

rie A ¥ A, — JUIHHA BOJIHbI, COOTBETCTBEHHO MANAIOLIErD0 W PACcCeSHHOrO MoA
yrnom 6 usfyuenus; p, M p; — UMITYJIbC COOTBETCTBEHHO NajatOUIErO H pac-

cesnHoro nox yriom 0 dotona; A, = h/myc =2,43-107"% M — komnmonosckan
ONUHA 8OAHBI IIEKMPOHA, m, — MACCA NOKOS 3JIEKTPOHA; MU — WMIYJBC
3/IEKTPOHA OTHA4H; /1 ~ MAcCa JMEKTPOHA OTAAUH.

TEOPUSA ATOMA BOOPO/IA 11O BOPY

[lepBblii moctyaaTt bopa (MOCTynaT CTallKOHAPHBIX COCTOSAHHI)

ATOM HJIM aTOMHAS CHCTEMa MOXKET HaXOIWThCS TONLKO B 0COOBIX CTallko-
HapHbIX (KBaHTOBle) COCTOAHHAX, KAXKIAOMY U3 KOTOPbIX COOTBETCTBYET ONpeEae-
nenuas sneprus £, E, . E | rae n=1,2,3... — rnaBHOe KBAHTOBOE YHCJIO.

Bropoii noctysat bopa (npaBuio 4acror)

Hpn nepexoae aromMa uin ATOMHOU CUCTEMbBI M3 OAHOTO CTaurOHApHOro
COCTOAHHS E, B Npyroe ¢ 3HEpPrueil £, HCHyckaeTcs WIH MOrioLiaeTcs

KBaHT IEKTPOMArHUTHOH 3HEPrUU YaCTOTOH v, NMpPHUEM
E, —-E =hy,
roe h=6,63-10" Ik -c — nocmoannaa Inanka.

[loctynatel bopa nONOJIHAIOTCS NPABHJIOM KBAHTOBAHHS MOMEHTA
HMAYJIbCa

mr, = nh (n = 1,2,3...),
TA€ m, — Macca 3JICKTPOHA; U — CKOPOCTh 3CKTPOHA Ha opﬁme paauyca r,;
h=hf2n= 1,05-107 ik -c.

Pauuycu 0p6MT JJICKTpOHA B aTOME BOOOpO4a, COOTBETCTBYIOLIME I'JlIaB-

HOMY KBAHTOBOMY YHCITY R,

2

2 2
n=nn,

r, = 4ne, >
m.e

rae e=1,6-10""" Kn - suexmpuueckuii 3apao nexmpoua.
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JHeprusi CTANHOHAPHLIX COCTOSIHMI ATOMA BOAOPOAA
1 me' E,

n (41{50 )2 2h2nz n?. "
DHEPrHs HOHH3AUHU aTOMa BOROPOAR UHCNCHRO PABHA 3HEPTUM aTOMa
BOoJOpona npu n =1
me4

E =

2K° (E, =13,6 3B).
4ne,

INoTeHunanLHas IHeprus B3aKMOJEHCTBHS 3J1eKTPOHA € SIPOM B
Boaopoaonceno6uom atome

Ze
4ne,r’
rae Z — nopaukoBbi#i HoMep 1eMeHTa B Tabnuue MeHneneepa; r — paccros-

HHUE MEXKIY JJIEKTPOHOM H AAPOM.
O06o0mennan ¢gopmyna bannmepa, onucbiBalowias Cepun JRHHA B

CTIEKTPE aToma BOAOpOAa
1 1
Y= R(_k2 ——n2 ),

rie v - 4acToTa CNEKTPalbHBIX JIWHWA B CNEKTpe aToma BONOPOAA;
R=3,29-10"¢" — nocmoannan Puobepza; k v n — vomepa opbur.

Habop miuH BOJH 3JeKTPOMArHHTHOTO M3MYHEHHA, MCIYCKAaeMOro IMpH
riepexoie U3 COCTOSTHUIA n = 2,3,4... B OCHOBHOE COCTOAHME n =1 Ha3LIBAKOT

cepueit Jlaiimana; u3 cocrosHuii n=3,4,5... B COCTOAHUE n=2 — cepuei
Hawena.

U(r)=—

PAJUOAKTHUBHOCTD
3aKOH paAMOaAKTHBHOIO pacnaja
N =N,e™,

rae N — 4MC/IO He pacnaBLUMXCH aTOMOB B MOMEHT BPeMEHH f; N, — uucno
HE pacnaBmIMXCs aTOMOB B MOMEHT, NPHHATHIA 32 HawanbHblil (npu f = 0);
A — MOCTOSIHHASA PAIHOAKTHBHOTO pacnaja.

Yuesi0 aTOMOB, pacnaBIUHXCH 38 Bpems !

AN =N,—N =N, (1-¢™).
Ces3b nepHoaa noaypacnaaa I ¢ NOCTOAHHOMH pacnaja

A A
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AKTHBHOCTH HYKJIMAQ B PAAHOAKTHBHOM HCTOYHHKE (2KTUBHOCTb
H30TONA)

A= —%Nt- =AN, [4] = PACTOR_ gy (Bexkepess ).
c
032 u3ny4ueHHs (NOrnoILCHHAas 1032 H3TY4EHHA)
w
D =%—, [D] = Jix/kr = T'p(Tpoit),
m

roe AW - 3Heprus MOHM3MPYIOLIEro W3JTy4YEHUs, NepeJaHHas 3JieMeHTy ob-
JyyaeMoro BellecTBa; Am — Macca 3Toro ajeMeHTa.

SHEPI'st CBA3IH ATOMHbBIX AAEP
Macca nokost m ycTOHUUBOI CHCTEMBI B3aMMOCBA3aHHBLIX 4aCTHLL MEHb-
1€ CYMMbl Macc NMOKOA m, +m, +...+m, TEX XK€ 4acCTHL, B3ATbIX B CBOGOA-

HOM COCTOAHMH.
Jedext Macchl CHCTEMBI HACTHIL

Am=(m +m,+..+m)-m.

JHeprun CBA3M NPAMO MNPONOPUHOHANbHA AS(EKTY MACCLI CHCTEMBI

4acTHL
E, =c’Am.
JeperT Macesl aTOMHOIO siipa
Am = (Zmp +Nm,,)—m,,,

rae 7 — 3apsamoBo€ 4HCI0 (YHCIO MPOTOHOB B Axpe); N = (A-—Z) — YHCI0
HEHTPOHOB B AApE; 4 — MACCOBOE HHCIO (MHCIO HYKIIOHOB B sape); m, u m,
~— COOTBETCTBEHHO Macca NPOTOHA U HEUTPOHa; m, — Macca apa.

Ecnu  yuects, uTo m,=m,—-Zm,m,+m =M ,, N=(4-2),

lHI s
m, — Macca aToMma, To aedexT Macchl sapa
Am=Z-m . +(A~Z)m,-m,.
DHEpPrus CBA3M #APa
— 2
E, = (Zm,y' +(A-Z)m, -—ma)c .
Y ae/ibHAS FJHEPTHSA CBA3M (3HEPrys CBA3M Ha HYKIOH)

5 ofe
¥ |

ya
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SJAEPHBIE PEAKLIMU
CumBonnueckan 3anuck sAEPHOR peakumy (npumep):

Be’ + H' - ,He' +, Li® wm coxpamenno "Be(p,a)’ Li .
JHEPrug AACPHOl peakunu
E =[(m+m)=(m+m,)]c",
FAC M, W A1, — MAcchl MOKOA ANPa-MHILIEHH W GOMBapaHpyIOIUC HaCTHLBL,
(m, +m,) — cymma Macc NOkos saep MPOLYKTOB PeaKiHH.
Ecni (m, +m,)>(m,+m,), TO sneprus ocsoGoxnaercs, peakums

IK30MEPMUYHECKUA.
Ecniu  (m, +m,)<(my+m,), TO o>Heprua NOTJIOWIAETCA, peaKIUsA

IHOOMEPMUYUECKAR.
DHeprus AnepHoii peakLMH MOXeET ObITh 3anKUcaHa TaKKe B BUAE

E=(T,+T,)-(T;+T,),
ne T, n T, - KnHeTH4ecKas SHepris COOTBETCTBEHHO SApa-MUILEHH W GoM-
Gapaupyroieii uactuubl; T, M T, — KUHETHYECKAs IHEPTUS COOTBETCTBEHHO

BbLIETAIOLEH YaCTULIBI U AAPA-NPOLYKTa PEAKLIU K.
3aKkoHBLI COXpAHEHHSA NPH AAEPHBIX peariusx

YUCI1a HYKJIOHOB A+ A, =A+A,;
3apAna (INEKTPHUECKOTO) Z+Z,=2,+2,;
PENIFTUBHCTCKOH 110HOM IHEPIUU E+E =FE+E;
YMITyJIbCa BE+P =P +F,

Ecnu obiiee ynucno apep u vactul, o0pa3oBaBLIYXCA B PE3YJIBTATE Peak-
uuy, Gonbine AByX, TO 3aMUCh COOTBETCTREHHO JONOIHIETCA.
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NPHIOXEHUA
INMPHUJIOXEHHUE 1.
OCHOBHBIE EJJMHUITL] ®PH3HYECKHX BEJIWYHH B CHCTEME CH

Founuyein gpusuyeckoti genudunbr RA3bIBACTCA YCIOBHO BbOpaHHaa ¢u-
3MUCCKAA BETHUHHA, HMEIOLIAS TOT Jke (PU3MYECKHIT CMBIC.T, YTO M pacCMarpH-
BacMas.

Cucmenmot eOunuy Ha3bIBACTCA COBOKYTHOCTH €AHHHL (DH3HYECCKHX BE-
JTMYHH, OTHOCSIIAACA K HEKOTOPOi CHCTEME BEIMYHH M 00pa3oBaHHad B COOT-
BCTCTBHU C MPHHATHIMH PABHIAMH.

OcHo8HbIMU eOURUYaMU OQHHON CUCMEMb] €OUHUY HAZBIBAIOTCA €IHHM-
Ubl HECKOIBKIX PA3HOPOIHBIX (PU3IHUECKMX BEIMYHMH, MPOH3BOJIBHO BBIOpaAH-
HBIC NPH MOCTPOCHHH 3TOH cucTeMbl. COOTBCTCTBYIOMHE (PH3HUECKHE BEIH-
YHHBI HA3BIBAIOTCS OCHOBHBIMH BC.IMYHHAMM JAHHOH CHCTCMBL.

CucreMa eIMHHL HA3BIBAECTCA abCoOmHON, €C.1H €6 OCHOBHbIMHA (Du3H-
YCCKMMH BETHYHHAMHE AB/LIOTCA AAMHA, MACCa U BPEMAL.

ITpouzeoonsimi eOuruyamy HA3BIBAKOTCA €QHHHIEL, YCTAHABIHBACMBIC
Yepes ApyrHe CIMHHUBI JAHHOH CHCTEMBI HA OCHOBAHHHM (HM3HYECKHX 3aKO-
HOB, BHIPKAIOUIHX B3aHMOCBH3b MEXKIY COOTBETCTBYIOWMMH (HIMIECKHMH
BEHYHHAMA.

Paszueprocmeio ¢husuveckoin 6eauyyuHp! Ha3bIBaeTC BEIPDKEHUE, Xapak-
TEPU3YIOIIEE CBA3L 3TOH (PUIMYECKOH BENH4HHBI ¢ OCHOBHBIMH BEIMYHHAMH
JAHHOW CHCTEMBI €IUHHL. JTO BBHIPAKEHHE MPEICTABIAET COO0# OJHOWICH B
B¢ MPOH3BEICHUA CHMBOJIOB OCHOBHBIX BE.THYHH B COOTBETCTBYIOLIMX CTE-
NEHAX (UEIbIX HIH APOOHLIX, TOJOKUTEILHAIX HIH OTPHLATETLHBIX).

Ou3ndeckas BCIMYUHA HA3BIBACTCA 6e3pazmepHoil eeauuunou, eCii B
BBIPAKCHHE €€ PAIMCPHOCTH BCE OCHOBHBIC BEMHYHHB! BXOIAT B HY.IEBOM CTE-
neHd. UncieHHoe 3HaueHHe Oe3pa3sMepHOi BEIMYMHEI HE 3aBHCHT OT BhIOOpa
CHCTEMBI €IHHHIL.

Kak creayer u3 tabauiuml 1 (c. 7) MexTysapoaunas cucrema eannun CH
MOCTPOCHA Ha OCHOBE CHcTeMbl BeawunH L. T, M, 1, ®, N, J.

OcHoBHbIe eaunnunl CH
Memp (M) ectb 1uHA My TH (/), MPOXOAHMOr0 CBETOM B BAKYYME 33 HH-
TepBan Bpemenn 1/299792458 c.
dim/ =L, [/]=1n (vcrp).

Cexynoa (C) — eaunuIa BpeMeHH (I) CEKyHIa pasHa 912631770 nepuo-
JaM H3IYYEHHS, COOTBETCTBYIOLICIO MEPEex0odqy MEXAY ABYMS CBEPXTOHKHMH
VPOBHAMH OCHOBHOTO COCTOSHMA aTOMA Ue3Ha — 133,

dimr =T, [t]=1c¢ (aromuas cexyHaa).
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Macca (xr) — eanHULAa Macchl (m); KWIOTPaMM PaBEH Macce MEXIAyHa-
PONHOro MpOTOTHMNA Kuiorpamma. [IpotoTunm kujorpamma M3roTOBJAEH M3
nnaTuHoupuauesoro cnnara (Pt 90%, Ir 10%) B BUAEe UMAUHAPUYECKOH FHPH
IMaMeTpoM M BbICOTOH 39 MM; OTHOCHTENbHAs MOTPEILHOCTb CIAUYEHMI ¢
MPOTOTHNOM 3TANOHOB-KOMUi He npeBblaet 2-107°.

dimm=M, [m] =1Kr.

Amnep (A) - ennHULA CUIbl WEKTPHUECKOTO ToKa (/); aMnep paBeH cH-
JIe¢ HEU3MEHSIOLIEroCs TOKa, KOTOPbI NpH NPOXOKJIEHHH MO JBYM Tapan-
JIENIbHLIM TIPAMOJIHHEHHLIM NPOBOAHMKAM OeCkOHEUHOH AJIUHbI 1 HHYTOXKHO
Majioff mnouniagv KpyroBoro TNMoOMEpPeYyHOro CeYEHWs, pacloyioKeHHbIM B Ba-
KyYMe€ Ha paccTOSHMM 1 M OMH OT ApYroro, Bbi3biBaJ Obl Ha KaXJIOM y4acTKe
npoBOAHHKA ANMHOM | M cHITy B3auMoaelcTeus, pasHyto 2-107 H.

dim/=1, [/]=1A.
Kenveun (K) — enununua temneparypsl (7); Kenssun pasen 1/273,16

4acTH TepMOIMHAMUYECKON TeMnepaTypbl TPOHHON TOYKH BOABI.
dimT =0, [T]=1K.

Moab (Monb) — eAMHHMLA KOJTHYECTBA BELLECTBa (1); MOJIb PaBeH Kosiuye-
CTBY BEILECTBA CHCTEMbI, COAEPXKALUEH CTONIBLKO XKE CTPYKTYPHBIX 1EMEHTOB,

12
ckonbko conepxurcs aromos B 0,012 kr yrnepoma “C. Ilpu npumeHeHuu
MOJISt CTPYKTYPHbIE 3J1EMEHTbI HOMKHbI OblTh ClieUMPUUMPOBAHBI U MOTYT
ObITb aroMaMmi, MOJIEKYJaMH, HOHAMH, EKTPOHAMH W APYTMMH YACTHLIAMU
WITH cneldGULMPOBAHHBIMY IPYTTTaMy YaCcTHIL
dimn=N, [n]=1mons.

Kanoena (xn) — eauHuua ciibl ceeta (/); KaHAena paBHa CWIE CBETa B
3a4aHHOM HampaBJCHUM WCTOYHHMKA, HCIYCKAIOLIEro MOHOXPOMAaTHUYECKOe
u3yyenne yacrotodl 540-10'2Tu, 2HepreTHyeckas Cuia CBETa KOTOPOrO B
3TOM HanpasneHun cocrasnser 1/683 Br/cp.

dim/=1J, [I]=1«kn (xanzena).

JononnurtenbHble enuuunb CH
Hnockuii yzon — panuan (pan); pajuas paBeH yriy MeXAy ABYyMs pa-
JHYCaMH OKPYKHOCTH, IUITHHA Jy'H MEXIY KOTOPbIMH PaBHa paauycy.
Tenecusiii yzon — crepanual (Cp); cTepagnaH paBeH TEJECHOMY YTy C
BEPIIMHON B LEHTpe cdepbl, BhIPE3aAIOIEMY Ha MOBEPXHOCTH cdepbl Mmio-
11aab, PABHYIO IUIOLAAY KBApaTa CO CTOPOHOM, paBHO panuycy cdepsl.
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IMPHJIOXEHHE 2.
NMPOM3BOJAHBIE EQUHHIILI ®PHIMYECKHX BETHYHH B CHCTEME CH

Bennuuna Eavuuua
Onpeze- Ob6o3- dim
Haumeno- | nsiomee a pasmcp HauMeHoBanue u
BaHHE aBHE- onpefieNcHue
ypﬂue YeHHe HOCTh pek "
1 2 3 4 5
IipocTpancTBo U BpeMst
, Keadpamnueris Memp papeH 1ollaan
ITnoinass S=1 M2 1? KBAAPATA CO CTOPOHAMH, AJAMHbLL KO-
TOPbIX pagHbl 1 M
, Kybuuecxuit memp paseH oObeMmy
3
ObseM V=1 M r Kyba ¢ pebpaMu, UIMHBI KOTOPBLIX
paBHbI 1 M
Memp ¢ cexyndy paseH ckopoctH
! PABHOMEPHOIO M TIpAMOHHEHHOro
- -1
Ckopoctn v——t- M/c LT JBHKCHUSA TOYKM, NMPH KOTOPOM OHa
3a 1 ¢ nepemelaeTcs Ha paccTOsHHE
1M
Memp na cexynoy e keadpame papeH
A YCKODSHHIO NpPSAMOJIMHEHHOTO YCKO-
y — v / 2 -2
cKOpeHHe | a = | M LT PEHHOTO JBHXCHMA TOYKH, TIPH KOTO~
’ poM 3a BpeMa lc CKOpPOCTh TOHKHM
H3MeHseTes Ha 1 M/c
Paduan na cexyndy paBeH yrnoBo
Yriopas K . CKOPOCTH PaBHOMEPHO BpAIAIOLIETro-
CKOPOCTH ®= T pan/c T csl TeJa, Bce TOYKM KOTOPOTO 38 BpeMs
1 ¢ NoBOpauMBAIOTCA OTHOCHTECIBLHO
ocH Ha yron 1 paj
Paouan na cexynoy ¢ xeadpame pa-
VEnopoe Ap BEH YIJIOBOMY YCKOPCHHIO paBHOYC-
- -2
yoxopene &= ~ pan/c’ T KOpPEHHO BPAIHAIOUIErocs Teia, TNPH
KOTOPOM OHO 33 BpeMA 1 ¢ M3MEHSHET
YIJIOBYIO CKOpOCTh Ha 1 pan'c
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] 2 | 3 | 4 5
Ilepuoauyecikne siB1eHuA
Yacrora .
HCPHOIMY l'epy paseH YacTOTC MEPHO;IMUECKOID
ecmr(; \'——77 I'u T upoiiecea, 1pyu kotopol 3a Bpems 1 ¢
LpolLecea COBEPUIACTCS O,IMH LMK fIpollecca
Mexanunka
Kunoepamm na xybuueckuit  memp
[aor- o= mn kr/m’ [\ | PaBEH IUIOTHOCTH OIHOPOAHOrO Be-
HOCTb v y 1WEeCTBa, Macca KOTOPOro Npu obbeme
1 ™ papma | kr
Hvlomon paBeH cuile, KoTOpas Teny
maccoii | kr coobuiaer yckopeuue
c— . -2
Cuza F=ma H LMT 1 M/c’ B HAlpARIEHUN 1EHCTBHS CHIIL:
IH=1 Kl"M/Cz
Kunocpamm-memp na cexyndy paseH
_ HMIYIbCY MATCPHAABHOM TOUKH Mac-
=mvU | kr-Mfc MT! o o
Hunyane P / LM1 coit 1 kr, ABMKYLIEHCS CO CKOPOCTHE)
1 vfc
llackans paBeH [1aBaeluvi0, co3naBae-
; momy cHi1oi 1 H, paBomepso pacnpe-
_r 4 - |JeneHHOM no HopMansHOW K HEH no-
Jlasnenue p= 5 1la L'MT ' .
BEPXHOCTH MIIOLIA b0 1M ;
111a=1H/™’
PaGoTa Uxecoyne pasen paGote cunsl 1 H, ne-
3Hepm;1 A=FS Tk U'MT? | pemewuatoteii T¢.10 Ha paccrosHue 1 M
B HarpaBJICHUH AEACTBHA CHIbI
Bamm paBeH MOLUHOCTH, NPH KOTO-
Mouu- P A Br M- poii 3a Bpems 1 ¢ cosepuiaercs pabo-
HOCTh P 1aB 1 [k
1 Br=1JIx/c
Kunozpamm-memp 6 xeadpame pasen
MomeHT TJ=mr® | «r-m? 2M MOMCHTY MHEDIIMH MarepualibHOoi To4-
HHEPLIMH KM Maccofl | kr, Haxoasiueics Ha pac-
CTOAIHUU | M OT OCH BpaUICHHS
Hvlomon-memp paBeH MOMEHTY CHIIbI,
Momenr M=Fl How L2MT- paBHo#i 1 H, orHocHTENsHO TOUKH, pac-
CHJBI ‘ MOJIOKEHHOH Ha paccrosHuH 1M ot

JIUHUU JISHCTBUA CHThE
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] 2 3 4 5
Kunocpamm-memp 6 xeadpame Ha
cexyHOy paBeH MOMEHTY WMITyJibca

Moment kremife] Lo HEY P Y MMy AbH
HMITYIbCa L=myr L’MT MaTepHanbHOM TOHMKM, ABHXKYILCH-
Y €A M0 OKPYXKHOCTH pagHycom 1 M u
umetomwed umnynse 1 kr-Mfc
Cexynoa 8 munyc nepeoii cmeneHu
[ paiMenT dv paBHa TPaJAHEHTY CKOPOCTH, [pH
CKOPOCTH p c' T KOTOPOM CKOPOCTH CIO€B KHUAKOCTH
(raza), OTCTORIIMX JpPYr OT ApYTa Ha
pacCTOsHUM | M, OTAIHMAlOTCs Ha 1 M/C
Iacxanb-cexynoa paBeH AMHampue-
CKOH BA3BKOCTH CpeAbl, B KOTOPOH
NpH JJAMMHAPHOM TEYEHHH W rpaiu-
Hunamu- n= F €HTE CKOPOCTH 10 MOLYNO, pABHOMY
yeckas oy | Hac L'MT"™" |{1m/c Ha | M, BO3HHKAET CHIA BHYT-
BA3KOCTL de penrero Tpenus 1 H ma 1M’ no-
BEPXHOCTH KacaHWs CJI0EB:
[Ma-c=1H ¢/m’
K Ksadpamuoii memp Ha cexynody
HHema- vt " / . pPaBEH KHHEMATHYECKOH BA3KOCTH
TvHcCKan " ¢ LT Cpeabl ¢ IHHAMMYECKOH BABKOCTHIO
BSI3KOCTb 3
1 Ha-c u naoTHOCTHIO | KI‘/M
Tennora
Konnuectso
TCIIOTHI, o U Jith L*MT 2 Lorcoyne paBeH KOIHMECTBY TEMIO-
BHYTPEHHSA ' Tbl, S3KBUBANCHTHOMY pabote B 1 Jix
JHEeprus
Tennosoit
HOTOK 0 Bamm paBeH TennoBoMmy MOTOKY,
P== Br L’MT™ |2KBHBaleHTHOMY  MexaHWveckoi
(Tennosas {
molHocTH 1 Br
MOLWHOCTD)
Kenveun na memp paBeH Temnepa-
Temnepa- aT TYPHOMY FPAaMEHTY 10Jisl, B KOTOPOM
Ty pHbIii ™ K/m L'e Ha yvacTke AuHoH | M B Hampasne-
rpalucHT HHH rpalHeHTa TeMneparypa HiMe-
naerca Ha 1 K
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] 2 3 4 5
Bamm na smemp-xeaseun pasen kosd-
(ULMEHTY TENJIOUPOBOAHOCTA BElile-
Koagpuuu- 0 i CTBA, B KOTOPOM P CTAUMOHAPHOM
eartemio- | A=7==| Br |LMT?®' »
dT peXHMME € TOBEPXHOCTHOW  TUIOTHO-
TIPOBORHO- Sl M-K 2
oTH ld-xl CThIO TETLWIOBOTO MOTOKA | BT/ M
YCTaHaB/IHBACTCH TEMHEPATY PHEIH
rpaauent 1 K/v
Jxcoyan Ha kenveun paseH TeNao-
Tensoem- do PMT-2@"| EMKOCTH  CHCTEMBI,  Temmiepatypa
KOCTb == | Lx/K Kotopo#i nosbitlaercss Ha | K npu
CHCTEMDI d7 HOABEAEHHN K CHCTEME KO,IHUYECTBA
Tenaotrsl 1 O
Vieisnas g rcoyab  Ha  KUNOSDAMM-KENbEUH
TeII0CM- c= o Mo 2T 2@ ! |PaBeH YACILHOH 1EII0CMKOCTH Be-
o mdl | xr-K IIECTRA, UMEIOLLETO Nipu Macce | kr
rennioemxoctb 1 /K
., 1woyas  na  mone-xenvun  paBeH
xﬁﬁ’;ﬁf‘ Con = j dQT " oqu:(. X L'MT?x MO1APHOM TEMTOEMKOCTH BEILECTEA,
KOCTh - xN'@"! | HMCIOUIErO NMPH KOJIMYECTBC BCILCCT-
Ba | MOk TernoeMkocts | JIx/K
Licoyns Ha keabeun paBet U3MENCHUIO
InAT 21| PHTPOITMM  CHCTEMBI, KOTOpOR  1IpH
Ourponust | dS Y Ik | EMTO Temneparype nK B M30TEpMHUCCKOM
T npouecce  coobactcs  KOJMYECTBO
TeIoThl i
Holomon na memp pasen koxpdmum-
Kosdduum- Hjs = CHTY TOBEPXHOCTHOIO  HATDHKEHUS
€HT 110BEPX- F : , |WAKOCTH, CO3iaBaCMOr0 CH.IOH 14,
HOCTHOIO c =—1— = ﬂ)K/M MT ICHCTRYIOUICH Ha Y4acToK KOHTYpa
HATSOKEHUS cBOOOAHOH MMOBEPXHOCTH JLIMHOA | M
HOPM&TBHO K HEMY H [0 KacaTeInHO#
K MOBEPXHOCTH
JJIeKTPHYECTBO M MArHETH3M
JaeKTpHue-
cKuii 3apaa Kyion paBeH 3]eKTpHYECKOMY 3aps-
(kommuecteo | O =1It Ki TI Ay, POXOIALIEMY 4cpe3 10NePeYHOe
TeKTpHHe- CedeHHe TNPOBOAHMKA 1IPH TOKE CHIION
cTBa) | Azaspems lc
Qo0nemHan Kwion na kybuweckun memp paBeH
L10THOCTE _ _Q_ i(J_l LTI 00BEMHOI MAOTHOCTH 3IEKTPUUCCKOTO
2.1eKTpHiE- P % Mt 3apssia, NpH koTopo#t B oObeme | M’

CKOrO 3apAaa

pasioMepHO pacnpeaesien 3apat 1 Kn
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1 2 3 4 5
Tosepxuo- Kynon wua keadpammuwii  memp
CTHaA paBeH NOBEPXHOCTHOH IUIOTHOCTH
IUIOTHOCTH _Q Kn - MEKTPHYECKOTO 3apala, MpH KO-
aekTpuue- | S M LT TOpO#i 3apal, PaBHOMEDHO pac-
CKOIro npeﬂenem{blﬁ N0 TMOBECPXHOCTH
3apsaa omansio 1 M*, pasen 1 K
Jnuetinas Kynon na memp pasen nunettHok
MAOTHOCTH 0 Kn IUTOTHOCTH 3JICKTPUUECKONO 3aps-
SICKTpHYE- ":“L‘ o L'TI ia, Npu KoTopoii 3apsn, paBHO-
CKOro MEPHO pacTpeeieHHbIH N0 HHTH
3apana JutHo# 1 M, paseH 1 Kn
Borem paBeH noreHuMany takoi
OnekTpuue- 4 TOYKH 11014, B KOTOpOH 3apsa
CKuUit @=— B MT1 {1 Kn ofnazaer noreHunanbHoOH
noTeHuMan Q anepruedt 1 [Hi:
1Bt =1 Jx/Kn
Holiomon na xynon paBeH Hanps-
KEHHOCTH HIEKTPHYECKOrO oA B
TOUKE MOJA, B KOTOpPo# Ha To4ey-
HBAi aneKTpyueckuii 3apsa 1 Ka
Harnpsaxen- F H/Kn = none aekcrsyer ¢ cuno 1 H.
HOCTBONIEK- | p o _ | _ B/m LMT-I Boauvm ma memp paBeH Hanps-
TPHYECKOTO Q EHHOCTH ORHOPOIHOTO  3€K-
noJd TPUYECKOrO TIOfs, CO3aBaeMOi
pasHOCTBIO NoTeHUHanoB | B
MEXAY TOMKAMH, HAXONALIMMUCH
HA PAacCTOSHMHM | M HA JIUHHU
HANPKEHHOCTH [0S
IMoTox ¥ =?Dds 7 Kynou paBeH TIOTOKY 3/IeKTpHYe-
JIEKTpUYE- . Kx TI CKONO CMELUCHUA, CBA3AHHOMY C
CKOro =20 CYMMapHBIM CBOOOIHBIM 3apAIOM
CMeILEHNS - 1Kn
Kyron mna wreadpamwwrii memp
paBeH 3NEKTPUHECKOMY CMellie-
dnexTpuye- W Kn HHIO, TIPH KOTOPOM MOTOK 1eK-
ckoe D =3 o LTI TPHUYECKOTO CMEILCHHS CKBO3b
cMetuenne NONEPEYHOE CEYCHUE TLIOLLAILIO
1 m* pasen 1 Kn
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SnexTpr- @Dapad paBeH eMKOCTH TAaKOro yeau-
yeckas C= e > LM T4? |HEHHONO  MpOBOLHMKA,  noTEHuMAn
EMKOCTD @ KOTOPOro ¥w3mcHserca Ha [ B mpu

coobmeHmn emy 3apuaa 1 Kn
DAEKTpH- Kynon-memp paBeH aNEKTPHUECKOMY
YECKUH pP= IQl ! Ki-m LTI MOMCHTY OMNOJS, 3a3pAlbi KOTOPOro,
MOMCHT paBHbie kKb 1 Kn, pacnosoxeHs
JMIos Ha pacCTOAHHH 1 M OHH OT IPYTOI0

Kynon na xeadpamrvili Memp pasex
Tlon ApH- - 13 Kin NoAPH30BARHHOCTH JUDBIICKTPHKA,
30BaH~ P= v = LTI GPH KOTOPOH JMIJIEKTPHK 00bEMOM
HOCTh ' M 1 m® HMmeeT aneXTpHuECKHiA MOMEHT

1 Kin-m
{inor- Amnep na ksadpamuwii memp paBeH
HOCTh I A TUIOTHOCTH  JICKTPHYECKOTO  TOKa
INCKTPH-~ j =— — L‘zl cwioli 1 A, PaBHOMCPHO pacnpene-
YEeCKOra S M JIEHHOIO 110 MONEPEYHOMY CEUEHHIO
TOKa MPOBOJHKMKA I0WAnso 1 M’
JnexTpH- Om paBeH COMPOTHBIACHUIO TAKOIO
YecKoe R= u Om [ZMT-'[ |PPOBONHHKE, B KOTODOM TIpH Ha-
CONPOTHBA 1 npsxeHud 1 B tever nocrosHHbIH
eHue To0K | A
ICKTpH- 1 Cumenc paBeH IIPOBOIMMOCTH
Heckas G=— Cm | L*M'T’? |yuactka 3nextpuueckodl  wuenw
ApOBOIH- R

conporusneHnem 1 Om
MOCTb
VennHoe Om-Memp paBeH YHENLHOMY DJieK-
3JIEKTPH- RS TPH4YECKOMY CONDOTHBJCHHIO TPo-
yeckoe p: —_— OM‘M LJMT—3I—2 BOJHHMKA [UIOILANLIO ﬂOﬂcpc‘{HOrO
COTMPOTHBN ! ceuenmst | M? u quanoit 1M, ume-
CHHUC 1o1ero conporueierve 1 Om

Cumenc na memp paBed YAETbHOR
Y nensHas e

KTPHYECKol [TpOBOAHMOCTH MPO-

3NEKTPH- o Cm LM BOIHVKA, KOTOPBIH NpH IUIOLWIAZN
qeckas = —_— M- 2
NPOBOH- p M fIoniepesHoNo ceveHus | M~ W M-
MOCTb HE 1 M HMEET MEKTPHYECKYIO TIPO-

poaumocTs | CM
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Tecna paBHa MarHWTHON MHAYKUMH

TAKOro OAHOPOAHOTO MarHHTHOIO

noss, kotopoe Acicrayer cunod 1 H
Maruut- F Ha KOKABIA METP JNIUHEI IPOBOAHM-
Hast B= Tn MT-2["'  |Ka PacnonoXeHHOro MepreHanky-
HHAYKLUS /4 JAPHO HAMPABNEHHIO NONA, €Civ 110

3TOMY [POBOIHMKY TIPOXOUMT TOK

1A

I Ta=1H/(A-m)

Befep paBeH MarHMTHOMY NOTOKY,

TPOXOMIALLEMY CKBO3b ILIOCKYIO [O-
MarHuT- BEPXHOCTh MIOWAbI0 1 M | pacno-
HbIl & =BS B6 [I*MT™17' | IOKEHHYI0 NEePUeHIUKYARPHO Ofi-
NOTOK HOPOAHOMY MAFHMTHOMY OO,

HHAYKUMs KoToporo pasHa | To:

1B6=1Tn-m

Hanps- AMnep ra Memp PaBeH HaIIPAKEH-
FEHHOCTD o= B A - HOCTH TAKOr0 MO, MarHWTHas WH-
MarHMTHO- Ky M AyKIMA KOTOPOTO B BaKyyMe paBHa
ro nons 4m-107 Tn
MafH“T' Amnep - xeadpamHoiii Memp paBeH
HbIl MarHUTHOMY MOMCHTY KOHTYpa ILIo-
MOMEHT P=1S AN LT 2

waasio | M°, ecnu no Hemy Teuer
KOHTYpa
€ TOKOM TOK 1 A

Fenpu paBeH HHAYKTUBHOCTH TaKo-

r0 KOHTYpa, MarHuTHLIA TOTOK Ca-
Munyx- =2 TH IZMT21I2 |MOMHIyKuMM KOTOpPOrO npu TOKE
TUBHOCTD 1 1A paBeH 1 B6:

1T =1B6/A

Amnep na memp DaBEH HaMarku-
HamarHu- Z 2. A } YEHHOCTH, NPH KOTOPO# BELIECTBO
YeHHOCTH J=’—V— o LT 06beMOM 1 M’ MMeEET MarHWTHBIA

MomeHT | A-m?
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OnTtuka
OHeprusa aBEH JHEPIUU yeHus
p w ﬂ* LZMT—Z ,erqyﬂb P P Hayue ]
H3MyYEHUs IKBHBANEHTHO# pabore 1 Jhx
Motox ® W B ) \ Bamm paseH MOTOKy u3nyuHeHus,
= - T -
H3nyuenus e =7 L°'MT 3KBUBAICHTHOMY  MEXaHHYeCKOH
mouHocT | B
DHepreTuy Bamm na ecmepaduan pasen 38epre-
€cKas CHlla d Br THYECKOH CHJIE CBETa TOYEYHOTo
I = 'zf o I'MT” | HcTounnka, H3TyHalowero B Tenec-
(cuna u3- HOM yriie | cCp MOTOK M3myyeHus
y4yeHus) 1 Br
Bamm na cmepaduan - xeadpamn-
Hbili Memp PABEH JHEPIeTUHECKOMH
Dueprety- Bt SPKOCTH DaBHOMEPHO H3NyYalo-
yeckas B =.‘1’4 cp- M MT WeH NIOCKOH MOBEPXHOCTH MUIO-
€
SAPKOCTh ds mamsio 1M’ B nepneHaMKyIspHOM
€l HampaBICHUH TIPU CHAC H3MYy-
venus | Br/cp
Jllomen pPaBeH CBCTOBOMY NOTOKY,
HCHYCKAEMOMY TOMEYHBIM KCTOUHH-
CaeToBoii ® ™ I KoM chioft cBera 1 KX BHYTpH Te-
NOTOK necuoro yrna 1 cp (npu paBHOMep-
HOCTH [OIS M3JIYYCHMA BHYTPH
TEIECHOTO YINa)
Jliomen Ha xeadpamnbiii Memp
CreTn- R= o M 1 PaBEH CBETHMOCTM TNOBEPXHOCTH
MOCTB S M2 nmnomansio 1M’ , wuenyckalomeit
cBeTOoBOM MOTOK 1 1M
Kandena wa xeaopamuwiit memp
J KA aBHA APKOCTH CBETAHIEHCA I10-
Spkocts B== - L?) P 2
S M BEPXHOCTH Maoilaaeio 1M~ npu
cuae ceeta | ki
Jlioxc paBeéH OCBEIIEHHOCTH T10-
Oceewen- E=-CE JIk L) BEPXHOCTH, Ha | M® koTopo#t na
HOCTh S PXHOCTH, orop )
ZlaeT CBETOBOM noTok 1 im
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IMPHJIOXXEHUE 3.

HEKOTOPBIE BHECUCTEMHbBIE EJHHUIBI
H UX COOTHOHIEHHE C ETHHUUAMMH CH

Enunnua
HaumeHoBaHue ReTHUHHE, a 060 CooTHolEHHE ¢
onpeaencHue Hanmenosanue 3Ha- | enunnuamu CH
YeHuEe
Cuna, xotopas Temy mac-
coi 1xr coobwaer ycko-| gunorpamm-cuna | KI'C (k') 9,81 H
penue 9,81m/c?
MotusocTs Takoro ycrpoii-
crea, B kotopoMm palorta
HHad CHna n.c. 736 Br
T5KIC-m  cosepiuaercs flowian
laBpema ]l ¢
larnexne, xoTopoe cozma-
et cuna 1 KI'C na nnowans arMochepa at™. Tex. | 0,981-10° Ma
2 TEXHHYECKaS
lem
IlaBnenne, KoTapoe co3sa 101325Ma
’ ’ atMochepa -
er cronb pTYTH BHLICOTOH QJmH'i?C)Fau at™. ¢us. Tmmpr.cr.
760 Mm =133T]a
Konnyecteo Tennothl, xo-
Topoe Heobxonumo co06-
HHTh | I XMMMUYECKH YHC- KANOpHA Kai 4,2 Ix
TOK BOIL!I A1 €c Harpepa-
s ot 19,5°C no 20,5°C
Pa6ora, kortopyio cosep- 3,6-10° Ml =
ACT YCTPOHCTBO MOLUHO-|  KXuJOBATT-Yac KBT 4 —36M
ctei0 10° BT B Teuenue 1 4 = 3,6 MIlx
OHeprus, koropyio npuob- "
PETaET 3INEKTPOH, Mpoxomsa| INEKTPOHBOJLT 2B 1,6-107 B
pasHocTs noTeHumanos 1 B
-27
ATOMHas EAHHHLA MacChl a.eM. a.e.M. 1,66-10™ kr
Exvnnua AMHHLL, Ucnonb- 1o
3yemMas B aTOMHOH (H3HKe AHICTPEM 4 107" M

H OITTHKE

55




HPHITOXEHHUE 4.

ACTPOHOMHYECKHUE BEAHYHEDI

Cpestnnit panuyc 3emMin
CpeaHss NOTHOCTL 3eMIIH
Macca 3eman

Paanyc Conxua

Macca Connua

Paavyc Jlynbl

Macca JlyHbl

Cpennee paccrosHue ot JlyHbl a0 3emiau
IMepnon obpauiexuns Jlyust Bokpyr 3emnu

CpenHsas miotHocTs ConHua

Cpeanee pacctognue ot 3emny no ConHua

HNPUJTOXKEHHE 5.

6,37 10" m
5500 kr/m’
5,96-10 kr
6.95-10%
1,97-10% xr
1,74-10° m
7,3-10% kr
3,84:10" m

27 cyT 7 4 43 MuUH
1400 kr/m’

1,49-10" xm.

OHIHYECKHE NOCTOAHHBIE"

HopmansHoe yckopeHue

CBOOOIHOTO NAancHHA

['paBMTALMOHHAsA NOCTOAAHHANA

[Mocroanxas Asoranpo

MonsapHas razoBas NOCTOAHHas

Mosgphbiii 06beM HaeanbLHOTO rasa
NpX HOPMaNbHBIX YCIOBHAX

INocTrosannas boasumMana

[MoctrosaHHas Papaaes

DnemMeHTapHbIi 3apan

Macca 3nekTpona

Y nenbHBINA 3apsan 3NEKTPOHA

CxopocTb CBETA B BaKyyMe

[TocTosaHHas Inanka

" OJKPY IIEHHbIE 3HAUCHI R
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g=9,81m/c
G=6,67-10" M‘/(Kr‘cz)
N, =6,02-10" monn™

R =831 /(K- mons)

V, =22,4:10" m*/moms
T,=273K, p, = 101325 Na
k=1,38-10 " JIx/K

F =9,65-10" Kn/mons
e=1,60-10" Kn

m, =9,11-107" kr
efm=1,76-10"" Kn/xr
¢=3,00-10" m/c
h=6,63-10" Ix-c,
h=hf(2r)=1,05-10" x-c



[TocTosunas Puidepra
KaMIFOHOBCKAA TUIMHE BOJIHBI
WEKTPOHA

AvoMHan eAHHHUA MACChI
"IJIeKTpHYECKan NOCTOAHHAA
MaruunTHas 110CTOAHHas
Macca nokod npoToxa
JHeprus nokos HeATpoHa
JHEpPrus noxkes nNporoHa

DHEPTHUA NOKOS INEKTPOHA

JIHeprus, COOTBETCTBYIOLLAA | a.e.M.

NPHUJIOXKEHUE 6.

R=3.29-10"¢'

A =2,4310"wm
laeM. =1,66-107 xr
g, =8,85:10 * ®/m

B, = 41107 Th/m

m, =1,672:10" xr

m ¢t =939,573 M>B
m.c’ =938,279 MaB
mc’ =0,511 MaB

1 a.e.M.=931,502 MaB

OHINYECKUFE CBOACTBA HEKOTOPBLIX BEIIECTB

6.1. I10THOCTL NPH HOPMAJBHDBIX YCJIO0BHAX

p=1,01-10°ITa, T=273 K

[inoTHOCTE
Beuecrao \ s
10", kr/ M
Teepovie mena
ATIOMHHHIA 2,7
Hepeso 0,8
eneso 7.8
3o0a0T0 19,3
Kupnny 1,8
Jlen 0,9
Mens 8,9
Onoso 7,3
Hukens 8.8
CauHen 11,3
Cepebpo 10,5
Crane 7,8
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B i [L10THORTH
€LUECCTBO 3 s
x10°, KF/ M
JKuokocmu
Boaa mopckas 1,03
Bona uucras 1,0
KepocuH 0,8
Macno 0,9
P1yTh 13,6
Cnupr 0,8
la3svl
Asor 1,25-107
Bonopon 0,089-107°
Boaayx 1,29.10°
Cenuit 0,15.107°
Kucnopon 1,43-107
co 1,25-107
CO, 1,98-107




6.2, ('kopocTh 3BYKH
B KHAKOCT X, [A38X,
TBEPALIX W30TPONHBIX Te1ax

60.3. Yiaeabnast TeILNIOEMKOCTD

(nput=207C)

BeliecTso Ckopocts, Benteet 1o V' 1e 118 TCH0CMKOCTD |
3BYKA, M/C ! 0" bkfler - K) !

Boaa Mopckas 1510 Ao o 1.05 ‘5

Kepocuu 1295 Aoyt ! 0,88

PryTb 1450 Boaa T, 4,19

A3oT 334 Bonopon ' 14,20

Bosopoa 1320 Bosayx’ | 1,005

Boziyx 343 Ke:eso 0,46

[enui 980 Kucitopoa 0,92

Yraeknc:ibih ras 267 Jlatyun 0,38 i

ANOMHHNIA 5080 Jlea 2,10 ;

Keueso 5170 Mecib 038 .‘

Jlen 3280 0:1080 0,23 ?

Meib 3710 CauHen 0,13

I1pobka 500 Cnupr 242

Pesuna 46 Craan 0,46 !

CayHey 2640 Y1uIcKHCIbIf ra3 0,83 i

Crans 5050

Creks0 (xpon) 5300

Crex10 (aunt) 3490

6.4. Moayae ynpyrocru
(mogysis FOura)

Beweerso | VoMY et
AIIIOMUHUHA 0,7
Bonasgppam 38

" Hexeso 2,1
JlatyHb 0,9
Meab 1,2
CauHelu 0,17
Craib 2,2

6.5. TemunepaTypa nnasaenusn
TBepPAbIX TeJ

BeulecTBo Teumrniepatypa, K
AIOMHHHA 933
XKeneso 1803
Jlatyus 1173
Jlen 273
Meab 1356
OnoBo 505
CauHel 600
Cepebpo 1233
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6.6. TemnepaTtypa

napoo0pazoBaHus
Bemecrso | Temneparypa, K
Boaa 373
Pty 630
Cnupr 351
Diup 308

6.8. YaeabHast Tennora

NJaBJeHHA
VY aenabHas TennoTa

Belecreo TIaBJIEHUS

x10°, I/ xr
ATOMHRHHA 3,90
Jien 3,35
Menrn 1,80
Onoso 0,58
Csunen 0,25

6.10. Koad¢puimeHT Tenoeoro
pacutHpeHHsn TBEPAbIX TeJi

Bewectso Koi?(?: l:l,em
Amomununii 2,40
Keneso 1,20
Husap 0,15
JlatyHn 1,90
Mean 1,70
Cruuen 2,90
Crans 1,10
Crexno 0,90

6.7. YaeabHas Temjiota

napoobpaioBaHus
BetmecTso Y aenpHas TerioTa napo-
obpazoBanus x10°, Dx/kr
Bona 22,60
PryTh 2,82
Cnupt 9,05
Ddup 3,68

6.9. Yaeanuad Tennora

CropaHus
Y nensHas Tennora

Beniecrso CropaH1a

x10", Ix/xr
beH3uH 4,61
Hepeso 1,26
KameHHbI#A 2,93
yYIroJib
Kepocun 4,61
Hedts 4,61
Compr 2,93

6.11. IudnexTpHuecKas

NMPOHHUAEMOCTL

Bewecrso Judackrpryeckas
MIPOHKLIAEMOCTh

Bona 81,0
I'nxuepun 39,1
Kepocun 2,0
Macno (tpanc-
dopmaropHoe) 22
[Mapadun 2,0
Cmona 7,0
Crexkao 7,0
30ounT 3,0
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6.12. YaennHoe conpoTHRIeHHe
(opw 20°C ), TeMnepaTypHbiit
K03(MPHUHEHT CONPOTHBJICHHA METALI0B

6.13. OTHoCHTENbHAS MATHUTHAR
NPOHHUAEMOCTDh PA3THYHDBLIX

BeuecTs (

npu 20°C)

Mertann px10*, Om-m axi0? K Bewecrpo ] H/u,
ATOMHHHI 2.8 4,9 DeppoMarHeTHKH”
Boabgpam 5,5 4,5 XKeneso 5500
I'pagur 390 0,8 Cnnas Fe + Ni 25000
Kenezo 9.8 6.2 cnaas N+ Fe+ 100000
Menp 1,75 3,9 ' MapamarseTuku
Hukens 10,0 5,0 AmomMuuul 1,000023
Caunex 22,1 4.1 Maruuit 1,000012
Pryts 95,8 0,9 Turan 1,000071
Cepebpo 1,6 3,6 Ypan 1,00040
Tanran 15,5 3,1 JlHaMarHeTHKH
Lunxk 5,9 3,5 BucmyT 0,999834

Meap 0,999990
3onoto 0,999964
Pryts 0,999971

6.14. Pabora Bhixoaa
3.ue;crponos H3 METAaJ1L1a

6.15. Temnepavypa nepexoaa
B CBEPXNPOBOARLIEE COCTOSIHHE

HEKOTOPBIX METAJLIOB
Merann 4, 3B Ax107™ ) Tx Bewecrso Temneparypa, K
Kajiuii 2,2 3,5 AmoMHHHH 1,2
JluTuii 2,3 3,7 Q1080 3,7
Harpuii 2,5 4,0 Prythb 4,1
Miatyna 6,3 10,1 CsHHel 7,3
Cepebpo 4,7 1,5 Huo6uii 9,2

Huuk 4,0 6,4

" MakcuManbHbie JHAYCHHA; PCaTbHBIC 3HAYCHHA 3ABHCAT OT NPUIOKECHHOTO NOIA.




6.16. Mokasarens 6.17. Hoxazaveib npeaoMaeHus
fpeJ1oMIICHUSA 2308 TBEP/bIX TeJ H XKuAKoCTeH

(npu 15°C, mas D-AMHKK HATpHUS,
OTHOCHUTEJILHO BO3NYXA)

a3 uan map (n-1)-10" Beinectso n
AsoT 2,97 Teepovie mena
AMMHaK 3,77 Anmas 2,417
ALETHIEH 6,06 Jlen 1,31
Beuson 7,88 Caxap 1,56
Boaopoxn 1,38 Cmona 1,56-1,60
BousHoit nap 2,57 Crexno 1,5
Boanyx 2,92 Tonaa 1,63
Teanit 0,35 Kuokocmu
Kucnopoa 2,72 ARWIHH 1,586
MeTtau 4,41 Benson 1,504
PryTs 9,33 Bona (20°C) 1,333
Cenex 8,95 Fnunepun 1,47
CepHHCTEIH aHrWIpHA 7,37 Kananckwii 6ams3al 1,53
Cepoyrnepo 6,19 CepHas KHCTIOTa 1,43
Tennyp 9,91 Cepoyrnepon 1,632
VIeKHCARIA ras 4,50 Cxunupap 1,47
Xnopodopm 14,55 Cnupr Metunoswii| 1,33
Lunx 20,50 CnHpT 3TUAOBLIHA 1,362
YeTbipeXXJIOPHCTHIH 17,63 Xopodopm 1,449

YriepoA
Dd¢up TRIOBHIH 1,354
Macna
I'Bo3auyHOE 1,532
Kenporoe 1,516
Kpuunoe 1,601
Onuskosoe 1,46
INapadutosoe 1,44

° OTHOCATCR K IIIHHE ROJTHLL, COOTBETCTBYIOMIEH Aentol nuuuu natpus (D), Temneparype (0°C)
u nopMansHoMy masaexwio (101325 Ta); no dopmyne (n- l)/p= const (1A JAHHOIO ra3a)
MOXCHO PACCUUMTATH TIOKAZATENS APEAOMACHUA 7 AR APYTHX INIOTHOCTEH .
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Yvebnoe uzoanue

Bacroxoé Bnagumup UBaHosuy
Eprosuy Onpra CraHuciaBoBHa
Iloozy3o6 |"ennanuii BacnibeBud

OU3IUKA

OcHoBHbIe opmyabl, 3AKOHBI,
Pa3mepHocTb, eAHHHLILI H3IMEPEHHS
(pH3HYECKHX BEJIHYHH

CnpaBo4HOe NOCOOHE NS MOCTYNAKOLIUX B By3bl

Peoaxmop boiinosa H.I'.
Koppexmop Maxcumosa O.K.
Xyoaacnux Yepnoix I1H.
Komnoeiomepnasa eepcmxa  Cemenos H.A.

[Tonmucano B newars 10.05.2006 r. dopmat 60x84/16. 'apuurypa Talimc.
Yen. mew. 1. 5,3.

Yuebustii nentp «Opuertap» npu MI'TY um. H.3. baymana
105005, Mockra, 2-a baymanckas yiu., 4. 5.

www.bmstu-orientir.ru



