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4 Ddusura 6 mabruyax u cxemax

. [ KuHemartuka J

Kuuemamxa” pa3nen MexaHuku, U3yHaloLWili MexaHnyeckoe oBUXeHUe
6e3 BbIICHEHUA NPUYUH, BHI3BABLLNX 3TO ABVDKEHUE

(@D OCHOBHBIE NOHATUSA KUHEMATUKM

1) MatepuanbHas TO4Ka

L

Teno, pasmepamMn U GopPMOoii KOTOPOro
MOXHO NpeHebpeyb B AaHHbIX YC/I0BUAX
opnxeHus (obnanaer maccoin!)

2) OTHOCUTENBHOCTL OBVKEHUA

{

TeJsI0 ABVDKETCS MO-PasHOMY OTHOCUTENBHO
pasHuiX TeN (NOKOW — YaCTHLIA cny4ai
[IBIKEHUR)

3) TpaeKkTopus
{

JIVHUS, BAOIb KOTOPOW OBVXXETCH TENO
S [m]e TNyt

PacCTOsHIE, KOTOPOE NPOLLIO TESO
NO TPaeKTopuA

S  « MNepemeliexue
(8,.JSh ! §
BEKTOP, COEMHSIOLLAN
Ha4anbHYI0 W KOHEYHYIO
TO4KU TPAEKTOPUM

Mpumep:

JlyHa — He marep. ToYKka
npu pacyere nocagky Ha Hee
KocmuY. Kopabns.

JlyHa — MaTep. TOYKa npu
pac4eTe CKopocTy ee ABuxe-
HUs BOKPYr 3emn.

Tpumep:

Yenosek B noeine UMeeT pas-
HYI0 CKOPOCTb OTHOCUTENLHO
BaroHa v OTHOCUTENLHO 3EM-
.,

Mpumep:




Mexanura 5

4) Buab pevxenus ————» xonebaremsHoe

;

No TPaeKTopuK no NpoigeHHOMY no TPaeKTopum

s ﬂpﬂMOﬂMH@ﬁHO@ nytv 3a eauHULlY TOYeK Tena
— KPUBOJIMHEHOE BpeMeHU - NOCTynaTesnbHoe
— paBHOMEPHOE — BpaLLaTenbHOE
~ HepasHoOMepHoe
5) Cuctema oTcueTa
BIJIOvaET B cebs:
3

— Tenio OTCHeTa (TOUKA OTCHETa) — OTHOCWUTENBHO KOTOPOro
paccMaTpUBAIoT [BWKEHUE
— CUCTEMY KOOPAVHAT

— XPOHOMETD (Hachl)

Cucrema koopavHar

aj ooHomepHan 4 4 -4 (Lwocce)
A== -
6) aBymepHas 0 | - (kopabime
Bmope)
Z f\ N A
B) TPEXmepHas o ’?c ___,__;:';, z {camoner)
6) Cxopocts MrHoBeHHas Cpeanas
CKOpPOCTh CKOpOCTh
dusnyeckan Benn- | pusanyeckan BennuuHa, | puanyeckasn senvyn-

4YKMHa, NOKA3bIBa0-
Lias, Kakoe nepe-
MeLLIeHWe COBEpLLIN-
JIO TENO 38 EAVNHALY
BpEMEHU

§ e
3 ¥ s

- [m/c]

V=

paBHas OTHOLLEHWIO O4EHb
Manoro nepeMeLLeHns K

NPOMEXYTKY BPEMEH, B

TEHEHWE KOTOPOT0 OHO BbUIo
COBEPLLIEHO
= AF - TEEREE.
Vi =—2" = v 1148
- [m/c]

Ha, paBHas OTHOLLEe-

HMIO BCEro NPOANEHHD-

ro rnyT1 Ko BCEMY Bpe-

MEHW

Seecs - cranap
tH('E' = [M/ C]

cp




6 Dusura 6 mabruyax u cxemax

@ PABHOMEPHOE NPSIMOJIMHEMHOE ABWXEHME

3TO ABIMKXEHne, NPU KOTOPOM 33 niubbie
paBHbIE NPOMEXYTKN BPEMEHW TENO CO-
BEPLUAET PaBHLIE NEpPEMELLIeHVS S

1} PasHomepHoe
NpSMOJIMHEHOE OBVXXEHWUE

ENE A

{=

4 b P4
2) Cxopocth o 3T0 BEKTOPHAaA PU3NHECKasn BENU4UHA,
== V= S NoKasbiBaKoLLan NepemMelLieHe Tena 3a
%4
1 eAMHULY BPEMEHN
mec] VTTS
3) NepemeLyenue = 7
- =V E=EE F
—_—
S B BEKTOPHOM BULE (Y] Vi Sk
.t 7> S—
8 =¥t o4 e
BIDOCKLIAIX 0 S W
4) KooppuHara x=x,+85,
Y
x [M] =18 = -
X,— Haua/IbHast x=x,+ V1 5 Sx - X
xoopavHara (x = x, ’
npu t=0) x=x,-8
5) Npadpmku ;—"‘172 7 7 - 7 n
0 100
k
Vi S 1 - 7
A e | 3
3 100
2 Z iz
0 4 0 t 0 t
4 2 \4

CKOpPOCTL nepemMetlgHe KoopamHaTa



Mexanurxa

(@ OTHOCMUTE/IbHOCTb ABUXEHUS

1)

B pa3Hbix cCUCTEMaX OTCHETA TENA ABUTAIOTCH NO-pa3Homy!

vico ) OTHOCUTENBHBIE ﬂ =
S (nyTb) BENUHMHHI a) co. "Comye" co. "3se30n” 5
S‘(nepememenme) {pa3Hbie B pasHbiX ’,»"' w ,-—-f—..\ .
C. O" @ﬂw’ # e "‘—-:’jf"'-- ’A‘.
TpaeKkTopus ‘ T R
\_. ," * Spe=Z —-r__"\.
" . : ~y!
t(Bpevs) | wmeapranHue 3emnn L
m(macca) NOCTORHHBIE BENWMHMHE
— HO Np yenosn c.0. "mesexcra” c.0. "Jeman"
F (cwna) o ® 1
- == = 2 Co T Bal
a (VCKDDEHMG) V << Vosema (2 3-10 M[C] i s
2)
MpeobBpazosanuna Fanunen

ég——-—-—g 5"

=
i~
-l e oy

t, V', S — HenooBwxHas C. 0.
t ¥, § — noaBuXHaR c. 0.

5 S U — cKOpOCTb NOABWXHOIA C. 0.

et

= 21

Ckopocrtk Tena 0THOCUTENLHO
HEeNOABWXHOW C. 0. paBHa reo-
METPUYECKO CyMME CKOPOCT
Tena OTHOCUTENBEHO NOABVXKHON
C. 0. ¥ CKOPOCTY CaMOW NOLBWK-
HOW C. 0.

KNACCUMHECKWA 3aKOH CnoXe-
HWR CKOpOoCTei

3)

MpuHumMn otHocuTensHocTH Manunes

Bce MHepLWanbHbIe CUCTEMBI PABHONPAaBHLI. 3TO NPOSBNSETCA
B TOM, 4TO 3@KOHbI MEXEHUKW B HIX 32N CHIBAIOTCH OAUHAKOBO.

WHepupansHeie ¢. 0.

CUCTEMbI OTCHETA, KOTOPLIE ABUIal0TCS
PaBHOMEPHO NPSMOTMHENHO
OTHOCUTENBHO APYT Apyra
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@ PABHOYCKOPEHHOE NPAMOJIMHENHOE ABWXEHUE

1) PasHoyckopeHHoe 3TO ABWXEHWE, NMPU KOTOpoM 3a Jilobbie
NPAMONMHENHOE ABWXEHWUE || paBHbie NPOMEXYTKM BPEMEHN CKOPOCTb
AV =const Tena MEeHAETCH ORMHaKOBO

{32 oguHak. t)

":mrn =const
(HanpasfeHne CoxpaHaeTcs)

2) Yckopenve = 3TO BeKTOpHas dpu3nyeckas
2 a= Ya=Vi BENMYMHE, NoKazbiBalwilasa
a I M3MeHeHne CKOpOCTH 3a ein-
- — HULLY BpEMEHN (CKOPOCTb 13-
e aTTav MEHEHMA CKOPOCTY)
Va ——ffl = AV — usmeHeHve
CKOPOCTH
a ].7.
3) MruogeHHas S — " . &
CKOpOCTh Va=Vita-t 0 V=V, +at
V —CKOpoCTh = _“ . o Vi x
B 000Vt V=Vo+tat 0 -
MOMEHT BDPEMeHY V=V,—at
) B BEKTODHOM Bi8E
Vo— HavanbHas = a
CKOPOCTE | X
(”pm f= 0) VI:VD)‘ +a’x1‘ 0-
V=-Vy+ar
B MpoeKumsX -
= a
| X
0 V=—Vy—at
4) Nepemetijenue

TyTb, NPOIADEHHBIN TENOM (NepemeLLeHne),
YNCIEHHO PABEH NIOLLALW NOL TPagUKOM
ckopoci Y1)




Mexanuxa 9
Brisop, ¢popmyn: Dopmyribi
Vo +V gedotVptar .
g Btk -
2 cu,‘2
(112 = V(]f e
a(v ~Yo T
2
ar V-V a
S=Vy+— | §=V, 0+ 3 42
4 s 2 "( a ] 2 ca ¥ Ve
2 2a
= 2
@ 2a
K
5) Kooppuxara s A
x [m]
X — HavasbHas i S
* xoopamrara || x= x4V 14 % 2 i-—-—-—é-*; X
6) Mpadpuku
po —~—~—— S 1 7 3 a, >4,
-—-———.—m E X ”3, <0
" 2 X
Fi 4 (Teno
2 TOPMO3UT)
0 3 t 0 Y]
(napatons)
74 1 ] Xt 1112 a>da,
a >a, a3 < 0
2 az <0 A (touka A — Teno
Vis ki OCTAHOBNOCH)
(veno 3 Xo
TOPMO3UT) 3
0 e, i f
A 2] 0 It
TO4Ka A — Teno 3 OCTaHoBMNOCH
W Noexano B 0OpaTHyO CTOPOHY (napabonk)
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® ABWXEHME NO OKPY)XHOCTU
1) KpueonuxeiiHoe MobBoe KPVBONMHEHOE IBVXEHNE MOXHO NPEACTaBATL

DBUXEHUe KaK ABYIXEHWE MO OTPe3xKamM NPAMbIX U Syram OKPYXHO-
i TP S CTei
1 8 L]
e \._._r
2) ¥rnosas CKOpPOCTH © m 310 pU3NHECKas Ben-
sz c)=—T— 4yuHa (ckansapHas),
o [pan/c] NOKA3LIBAIOLLAS YT IO-
BOE NepemMeLLieHne 3a
¢ [paﬂ] = ynoeoe \ WHA eMEHN
nepemeiLeHme ‘;(;&'R ;s i
3) Nuneiinan 3T PUBMNHECKAS BENUYMHA,
CERpOCTE voS| |y =2 ]|l nokaguBaiowas nyTs,
V4 [M/C]- t T NpoieHHLI TeNoM 3a
HanpasAeHa Mo KacarensHon €0VHULY BPEMEHU
K OKPYXHOCTW
4) Nepvop, T[C] —spems oaroro nonkoro o6opora r=t | |p=1
N v
- _ 1| — wsenooboporos (N)
Ny=—
HacroraV [ ¥ c] 33 §QMHULY BREMEHU 9 N |
= — V=—
2 2R : 4
m |
O=—=2nv V=——=2nR-V (Dns PEBHOMEPHOTO ABUKEHA
r T 10 OKPYXHOCTW)
5) LleHTpoCcTpeMUTENBHOE YCKOpeHUe (NPY PaBHOMEPHOCTY AABVKEHYS
MG CKPYXHOCTK)

- I Jop
27 cowanpaenesoc AV ;ay LV
Vi ayy [M/ C ] (uanpgsneuo B uelﬁ'p OXPYXHOCTH)

== = AV V, V
= B rowa A(npnt=0) AOAB ~ AV1V AV =}E=T/l=§=’
R Vi, Toua B (vepes Ar—0) . t
) 2 AV _V-
Vv AV =
V ﬂu=——— au:—AI- s, At R
R

a, — LEHTPOCTPeMUT. YCKOPeHre {xapaKTe-
pM3YET W3MEHEHWE CKOPOCTH N0 Hanpasn.)
@, — TaHreHUManbHOE YCkopeHne (XapakTepu-
3YeT W3MEeHeHne CKOpPOCTH 10 MOAYMO)

a=ag+ar a =1,‘a3 ~|—a.?

6) HepasHomepHoe
[ABWKEHME NO
OKPYXHOCTM
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II.@ AMHaMMKaJ

AuHamuka H 3TO Pasfen MEXaHWKK, U3yHaloLLWA NPYHUHE! BOSHUKHOBEHWA N
M3MEHEHUA MEXaHNHECKOro ABVXXEHNS

(@ cuUnA. MACCA

1) Cuna 370 BekTOpHas husnyeckas F F
— BE/IMYMNHA, XapaKTEPU3YIO-
F 125 pelAcTBue OOHOrO Tena e : fe
. Ha [IPYroe, B peaysibTare Ko- ﬂ« B F
ApaKTEPU3YETCH: ooy -
TOPOro TeNno npuobpeTaeT yc-
e KO eH?ne WIMM3MEHSET (bopyC S -
—~ HanpaaneHvem Myplr‘l X F Fi
— TOMKOW MPUINCKEHVA Ecnvi Teno SBnseTcs marepu-
aNbHOW TOHKOIA,
CUnNBl MPpYKNaa6LIBakOTCH
K LIEHTPY M&cC.

2) Bupgbl cun C
- AR
(o ) NEVCTRYIOWLWME  [EVICTBYIOLUME Mpy
/ \ Ha PACCTOAHUW coanKDCHOBeHMM
‘Fm FMBJ'H ( TPEHHA

IPaBUTALIMOHHbIE
{cuna TaxecTv) SREKEPOMAMIMTHES BHYTPEHHME BHELLHUE
(cuna ynpyrocv, {Mexay TenamMu  (M3sHe Ha Tena
suepHe SY1R TREHYA) B CVCTene) CUCTEMbI)
MsonupoeanHas cUCTEMa Ten — CcuCTeMa, BKOTOPOIA neﬁmsyﬂlo:
TOSMBKO BHYTPEHHME CUITbI

3) Pasnop,enc‘myloman cun “ reoOMeTpUHECKaS {BEKTOPHASA) CyMma
[H] BCEX CUN, JEANCTBYIOLLWX HA TENO

ﬁ:?] +F2 ‘F}Fj +it F,,

yCKOpeHvie Tena COHarpasieHo
C PaBHOLOLIACTBYIOLLIEN

/71-‘{{// 4
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4) Macca 1) aT10CcKanspHan pr3NHECKast BENMHMHA, XapaxKTepnaytoLLian
MHEPTHOCTL Tena

m [Kr] 2) 310 ckansipHasn pU3NYECKas BENWHMHA, XapakTepr3yloLLas
rpaBuTaLMOHHBLIE CBOICTBA Tena
Wuepumn — 310 (PM3NHECKOE ABNEHWE, 3aKMIIOHAIOLLIEECS B TOM, YTO
TENa CTPEMATCH COXPaHUTL CBOIO CKOPOCTL (MOKOIA)
MHepTHOCT® — 3TOCBOVCTBO TR COXPAHATH CBOK CKOPOCTL (MOKOIA)

9) 3akoH npuponsl

Npy B3aMMOQEICTBAN ABYX TEN
OnbiTHO a _nmy MONYYEHHbIE YCKOPEHUA
= - -
YCTAaHOBNEHO a, m OTHOCATCS Tak, kak obpartHoe
OTHOLIEHWE MX MacC
&) MnotHocTs 370 ckanspHasn puamHeckan senm-
3 o= m YiHa, PaBHAA MacCe BELLIECTBa B
p [kr/m?] Vv eavHnLe oGrema
{TabmuiHan BenamHa) V [M] — obem
Tena

7) Cnocobbl onpeneneHa Macchbl

a) CpaBHKMBAEM C 3Ta/I0HOM Ha BeCax

(rvpw)
p — onpeaenRaoT no Tabmue

6) nopopmyrne m=p¥

\ V — onpegensior mareMarvkeckyt (opmy-
namu) Unu Nno BuiTECHEHHOM XIUAKOCTH B
MEH3YPKE

B) B3aMMOZeNCTBMEM
C 3TanoHOM

m:aTa.w.

H

Grerta _

a
= Myena = “Mlyran

Ay ena Grena
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(@ BAKOHbI HBIOTOHA

1)

3aKOHbl YCTaHOBJIEHb!

OMbITHLIM NyTEeM
| 3akoH HbloToHa

3

CyLLIECTBYIOT TAKME CUCTEMBI OTCHETE, OTHOCUTESIBHO KOTOPLIX TENO NOKOVTCS Ui
JBUXKETCS PABHOMEPHO U MPSMOMUHEAHO, ©C/N HA HEro He ASKCTBYIOT ipyrve
Tena uu AeACTENS JPYriiX Tern CKOMAEHCUPOBaHL

Taxve cncTembl OTCHETa HA3LIBAOTCA nHepuvanbHbIMK

N
=0
VLT
11E
TV' + mE = E 4 Fm
a=u F:‘COI'Ip"'mE:E
TEeno ABYXETCA PaBHO-
TENOo NOKOWTCH TENO NOKOUTCS MEPHO MPSMOAMHEIHD | | ¢— R=0
V=0 V=0 V =const
2) Il 3akoH HekoToHa
YckopeHue, nonyseHHoe TeNom, NMPAMO NMPOoNopLIMOHaNsHO a= R
PaBHOAEHCTBYIOLLEH Cin, NPWICXKEHHBIX K Teny, 1 obpar- i
HO MPONOPLMOHaNEHO Macce Tena. Hanpaenexye yckope-
HWS COBMAAAET C HanMpaBeHVeM PaBHOOECTBYIOLLEIA aTH'E

a) Ha Teno neiicTeyeT 0gHa cuna

F alTF
m
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6) Ha Teno HeliCTBYET HECKOMIBKO CUN

— _F1 — _F — _F3
L% L G ===
n m m
T = R
a=aqt+a;+taz = a“-‘n;

YckopeHwe, coobiuaemoe Teny npy 0AHOBPEMEHHOM AEVICTBUM HECKONBKUX C,
PaBHO BEKTOPHOW CyMME BCEX YCKOPEHUIA, KOTOpble coobLumna 66l aToMy Teny
KaxXAas cuna, OenCTBys B OTOENEHOCTH

2) Il 3akoH HutOTOHA

i)

Mpw B3aMMOAENCTBAM [IBYX TE/ BCErA BO3HVKAET napa Cun,
KOTOpbi€e:

1) paBHbl N0 MOAYMHO ﬁm Fi=—F2

2) NMPOTUBONONOXHbI MO HANPaBIEHMNIO

3) nexar Ha 0HOW NPSIMOM Curib! He KOMMEHGHDYIOT ADyT
4) opHoW nNpypoasl Opyra, Tak Kak npuioXeHb!
K Pa3HbiM TENam
= i m: = = mn m:
F B = a l a
- = O @ -
B3aUMOLENCTBYE TN ai W a2 — YCKOPEHUS, KOTopbIE Nprobpen Tena
F u F2 —napacun NP1 B3aHMOLEACTEWN
] i N
Mo 3axoHy MpUpPoabY: - = | am=a;m,
F,=F,
: F <0 = e
2 no monymo

3akoHbl Hel0TOHa NPUMEHWUMbBI TONBKO B MHEPLUANbHBIX
cucTemax orcyera
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® 3AKOH BCEMUPHOI'O TANOTEHUSA.
CUNA TROKECTU

1) TpaeuTaLMoOHHbIE CUNbI

( 1667 r. W. HeloToH )—) T e——
NMPUTSrMBRIOTCA APYr K APYTY Cunamu,
acTpoHOMUHecKue KOTOpPbIE Ha3blBAOT rpaBUTaLMOHHBIMWA
HabMOLEHUS, OMbITHI
F_~m, yeMm Gonbwe m Ten, || mr 2 |F|:’F|:F.
P F_~m:m, || Tem Gonblue rpasuraL- I."r = o
F ~m, OHHasi cvna 210,
1 4yem 6onblie PaccTOAHWE MEXADY my - My
Frp ~ "7 || Tenamu (1), Tem rpasutaumonkas || Fp ~ =
CWIa MeHbLLIe r

2) 3aKOH BCEMUPHOTO TAFOTEHURA

m_ = = .
Fo Fo
Bce MartepuasibHble TOYKK NPUTATMBAKTCA OPYr K o
1 r
L
] [}

OpyTy € CNoi, MOy KOTOPOA MPSIMO MPOMOPLIMO-
HANEH MPON3BEIEHIO 1X MACC, M 0BpATHO Nporop-
UMOHANEH KBaapary pacCTOaHUS MEXIY HUMMN.

Cwunbl nexar Ha 0aH0N NPAMOIA, COBANHAIOLLERA Fo—gMim

UEHTPbl MacC 3TVX T/, U Harnpas/eHsl HABCTPEYY 2 r2

ADYr ppyry

o rpaBuTaLMoOHHan Praun i o
neCTONNaN IPABUTALIMOHHAS NOCTORHHAS YUCNEHHO
2 paBHa CWTE, C KGTOPOI NMPUTATVBAIOTCA
G=667-10" 22 [1BE METEPUABHBIE TOYKI MACCOM N0 1 K
' Kr? Ha paccTosHM 1 M

3aKoH BCeMMPHOro TSroTeHNsi MOXHO NPUMEHRTL, ECIK:

- Tena SBSIOTCH MaTepuanbHLIMU TOUKaMMN
- Tena SBNSIOTCH OAHOPOOHLIMU LWapamn Ui 06/1aaal0T CUMMETPUYHBLIM
pacnpepeneHMemM Macchl OTHOCUTENBHO LeHTpa Tena
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3) Cvna Tsxectn 3T0 rPaBMTALMOHHARA CANA, C KOTOPOIA 3emna npu-
TarvBaeTk cebe Tena
Frgx =mg m — macca Tenia
M, — macca Semm
[H] g — yoKopeHme
CBDﬁOﬂHOJ' 0 NanexHus
_ oy " 3
Fp=G—5 a, — yckopenme 3emnn
.U r aj << g
M
Fo= ,4_31??_5 ' a,<<g TaK Kak
(Ry+h) = M,>>m
4) Yekopernne cB0bBOgHOro NaneHns YCKOpPEHWE, C KOTOPbIM OBVKETCH
Mo noboe Teno B rione TAroTeHns
Fog=G—3—1{_ T F —mg 3emnu, ecnv Ha Hero aeicTByeT
(R3 +h) Rk ToneKo F_
U
I; i
g= G ____3__5 l
(.R3 +* h)
Yecxoperue cso00aHOM nanexs
3aBWCHT OT:

1) R, .. (reorpaduy. wmpoThbl)
(vem Ry T,7eM g )

‘R'A (3KBaTop) > R3 (monioc)

2) h(BbICOTHI TENA HAL NOBEPXHOCTHIO ocnabeBaeT ¢ PaccTosHUEM
3emnu) (vem kT, Tem g 1) OT UeHTpa 3emnu

[pasuTaLMoHHoE none 3emnu

5) Ans moboit nnaHeTb! (KOCMUYECKOrD Tena)

Frssscxinan, =

My, -m G M.
(R, +h)?
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17

@ ABWXEHUE TENA B NONE CUJbl THXXECTU

1) AsvxeHne Tena, GPOLLUEHHOro NOA, YIAOM K FrOPU3oHTY

Vi=V(V,=0)

-

TRpaexropus — napabona
AedicTayiowas cuna — Foox =mg
ycxopenwe —g |

cKopocTh V — HanpaBneHa
O KacaTensHOoM K TDAaEKTopUK

H — makcumarnbHas BbICOTa NOSETa
V, — HaaneHas cxopocTs

{rpn Gpocke}

S (aathhocT noneTa)

o — yron 6pocka

AsvxeHue Tena paccMaTpUBalT pas’fensHo NO ABYM OCAM (X M y)

oce X (P14}

V x =const

Vor =Vp -cosou

x=Vj-cosoL-t

ocs y(PYNI)
V,.=Vy-sina—gt

: V=JVZ+v2
gt?

=V,sinot-t —=—
Y=g 5

MoopemHamakcumanbiyio V= 0-0=V;-sine— groq, — Vy -sino
BHICOTY: fuon = 2
(H)
Boe Bpems apvkerms: L, =2t — _ 2W,sina
baos ™= = iy

HansHoCTLNONeTa: § = x =V, cos - fs =Vpcos -

2Wgsino, _ V§ - 2sino.-cosot

0.4 £
5 .
Vi -sin20
e i o npu o = /4
g [ANbHOCTL NONeTa Kawbonbiuas
T

Vo -sin” o
MakcumansHas BeICOTA NoneTa: H=y=t{]-sina-tmﬂ—g’m H =—-QT——

g

2Du3nKa BTAIHIAY M CReMAX
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2) AevxeHue Tena, 6POLLIEHHOr0 rOpU3oHTaNbHO

y - TpaexTopus — BeTka napabons!
o Aeicreyiowas cuna — F sk =mg
H =~ V. ycxopenne — g |
“l pen V. R L CKOpOCTs V — Hanpassiexa
& a4 - 10 KacaTensHoM
0 S aamsnoers monera) Vg — HavanbHas CKOPOCTb
(npw 6pocke)

AsnxeHne Tena paccCMaTpUBAIOT PasgensHO No ABYM OCAM (X M Y)

ock x (PN/1) ocb y (PYN4)
V= Ccmsat='Vu V.=t v, =0
* 2 2
- V= vl+v]
x=V_-t =k &
D y 5
Boe epems peitkerus y=0— 0=H —=B8£ e =
2H
BansHoctbnonera: S =x= V1 S=V ?

3) UckyccTBReHHbIE CNYTHUKA 3eMnn

Asvxenne — cBobogHoe nafeHe
(neicTByeT TONMBKO CUNTA TAXECTH)

Te/i0 [BIKETCS 10 OKDYXHOCTU: g, = g =

R
Vz
§=—-
R3 Ve GM 3
I~ Vi =7.9xm/lc
. My R3 I kocmwmueckan
g= G 7 ik =0)
RB CKOPOCTh
MuHymaneHas CKOPOCTb, KOTORYKD HYXHO coolwvms Teny,
v =1l2ik yTobbl OHO MOMNO ABMIaTECA BOKPYN 3emMaM Mo KPYroBown
n opbyTe (MCKYCCTREHHbIM CMYTHUK)

Hawmerbluan CKopOCTEL Tena, NPy KOTOPOA OHO MPeoAONeBaeT MOUTSKeHVe 3eMn U CTaHo-
auTes cnyThukom ConHua {opButa — napationa), Il kocMyMeckas ckopocTs

CkopocTe Tena, Npu KoTopoii Teno npecponeraeT NpuTsxeHre ConHua n nokngaer ConHeqnyio
cveremy, LI koomimeckan ckopocts ¥, = 16,7kv/c
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(5 cunA ynPyroctm
1) Npupoaa cun ¥ NPUHKHBI BO3HUKHOBEHUS

Cwnbl yrpyrocT¥ BOSHUKAKOT Hedopmaumn — viameHesve Gopmb
npu aedopmMaumm Ten " 1 v ofbema Tena npv BHELHEM BO3AEHCTENU.

=T

Yripyras pedopmMalirs — UCHE3aeT Nocne Mnactuueckan fedopMaumns — He ucHesaer

MPEKPALLEeHWA BO3NENCTBUA NOCHE NPEKpaLLeHvi BO3NEACTBVA
Jedopmauym
CTRXKEHWE,
Mo CABMF, CPe3 KpYHEHME
Fnuem.
Emm. J
HET nedopMaLIm

For E = I_1% ey
Npupona cun: Ew ﬂ‘é’ |an| lle Fynp =0
BNEKTPOMArHWTHBIE 7 r—
( F yup paBHa cymMme cun .._EG& H.Pal. _for & o 32 =
MPUTSDKEHWS W F“P' <’F‘“| Fyp TTFon
F. pacTaxeHve

OTTANKMBAHVS MEXAY |
MCTIEKynamw) ‘-G_b IFIIPI>|ﬁ0T] Fynp 19 an
=0
2) 3akon lyka suoronksercs | F =iy M—{ For =0
ynp L

npw ynpyrux aedopmaumnsx Gz L
k [H/M] — xooppuument Fyrp, >0

Cwvina ynpyrocTv npamo Nponop- -
Yrpyr P P P HKECTKOCTH o F yIip.
LmoHanbHa CMELLEHWIO Tena u x>0
X —cMelenne F. <0
MPOTYBOMONOXHA €My M0 3HAKY 0 +x v,

(vanviHerme Tena)

(6) BEC TENA. HEBECOMOCTb onopa  nazeec
1) Bec Tena 3T0 cuna, C KOTOpOoii Teno, BCrneacTeve ero
NpUTSHXKEHUS K 3emne, [eiCTBYET Ha Onopy
P[H] Wnu NoaBec P
TO4KA NPUNICXKEHA: ONOPA MK NOABEC _N=F -T=P nolll 3akony HmoToHa

2) HesecomocTs 370 KOrfa TENo He JEeiCTRYET Ha Onopy wni NOABEC, ¥ BCnea-
s CTBUWE ITOr0 BHYTPY TENA OTCYTCTBYET AedOpMaLns; npu
P=0 3TOM Ha TENO NEVCTRYET TONLKO CUsia TAKECTU
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@ cwunAa TPEHNA

1) Npupoga cunbl U NPUYUHLI BOSHUKHOBEHUA

i/ e =
A7 BO3HUMKAET
A li, e 17\\ Cuna Tpeuus Fp [;1] 03HUKae
_ | -1~1F ’ —L- 1\ | BAOM MOBEPXHOCTH 2-X TPYLLXCH
Foil’ = I\ R = \ | Tenu3-3anedopmaLmi TVIX NOBEPX-
- e = Fop Lo Foodvm ) | ocreis (cxarTue HepoBHOCTEIA)
m, - L —
ELFon X Fop Fonp, Brod :pﬂpom aNeKTPOMarHUTHas
anpaenexsa BOO/b NMOBEPXHOCTH
A 0] s
\.’ NPOTHE CMEeLLeHUS
o Spllt=: N
Cymma cun ynpyrocTeii rena IF . =Fmpl Curbl TPEHWUR BO3HUKAIOT
= . Y OBYX CONPHKACIOLLWIXCH
CyMma cun ynpyrocTeil onope! Z F yop = Frphn TEM OAHOBPEMEHHO ’

2) Cuna TpeHus nokos FTp_ﬂ

Cuna TpeHus nokos BO3HUMKAET B

N i NI i Ni_ — || cnysae, ecnu va Teno peiicteyer
! i 1 Pyl B Weiaronemipnes CABMHYTH €0
7 e st ¢ MecTa
75 e mg Hanpagsniesa npoTve 3T0i Cuibl
noKOiA l mOKON [ HAYANo PageHa no MOAaynto 3Toi Cune
|Tv =|m§| | lﬁ _|m§ | GBMXSHUA | MoxeT BO3PACTATL TOBKO A0 ONpe-
Feh - =1 | IN ’ =‘m8 LENEHHOTO 3HaYeHus, Noce Yero
= IF m-nl —IF l] |;5Tp_n SIF2| TEN0 HaYMHAET ABUTaTLCA
i ™. I I max
0< Fpu<Fpn,_, Frpn_ =HoN M,— xosd;qgi:fem TPEHIS

Teno Ha HakNOHHOM NNOCKOCTK HAXO4UTCH

Il 3aK0H HiloToHA:

B Nnokoe

a=0
I_V.'l'mg"‘;:-rp_n =(_1'm

x: O=mg -sino+Fp, , =0

F,

p.n = M8 -sino
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3) Cuna TpeHUs CKONbXEHWA

N Cina TPeH!S CKONbXEeHUs
jon F V BO3HWK2ET B CNy4ae, ECNU Ha TENo OeicTeyeT cuna,
KOTOpas NMPWBOOMT TENO B JBUXEHUE
7 v Hanpaenexa NpoTUR 3TOW CUNbl BOONL NOBEPXHO-
mg CTX ONopbi
IFm| ¥ IF—I PaBHOMEDHOE N— cmna peakumm ornops! (3aBUCKT OT
ABIDKEHVE CIITb! AARNEHMSt HA ONopY)
I“‘E“’l < |?] pagHoyckoperkoe | - _ H — KO3 OULIEHT TPEHIUA CKOMBXEHMS
LBIDKEHNE = (3aBUCUT OT MaTepKana, us KoToporo
IFTP I 5 IFI [paBHO3aMEnEHHo. chenaHa noBepxHoCTb, U CTENEHN ee
LBMXEHNE 06paboTii/poBHOCTH)

4) Cuna TpeHns KayeHus (FTP.[\' )

Cuna TpeHus Ka4eHns BO3HVKAET B Cy4ae, eCni OLHO
TENO KATUTCA NO NOBEPXHOCT OPYTOrD.
HanpaBneHa BO0NbLMOBEPXHOCTU KAYEHR, NPOTUB

BpALLEHNA Fip « << Fyy (MDY CKONBXEHIN)

P2y N | N —cuna peakuim onopsr; R — paguyc
-K K R

W, — KO3DOUUMEHTI TPEHNA Ka4eHUs

5) XXugkocTHoe TpeHue (TpeHue B rasax n XuaKocTax) fc

Mpy TpeHK TENA O XMOKOCTH UIK ra3 BOZHWKAIOLLYIO cuny 6yaem HasbiBaTs CUNoi
CONPOTURIEHUA

Cuna, BO3HUKAIOLLAA MPU XKMOKOM TDEHUK, BO MHOIO Pa3 MEHbLLIE CHTbl CYXOTO TPEHUA
(noaTOMY AN YMEHBLLUEHUS TDEHWA TPYLLIMECH NOBEPXHOCTU CMA3bIBAIOT)

OcoBerHocTs

XUAKOCTHOTO TPEHUA: Ha TENO OHO NPUXOOWT B ABVKEHAE)

HET CUnbl TREHS NOKOS (Axe NpY HeBONBLLMX BO3ASACTBMSX

BenvwiHa £ 33BUCUTOT > Gopmi Tena:

4

2 B~ (obrexaeman

E o7 dopma) —
CKOPOCTY JBYDKEHMA: E K 1
F =7 £
POBAXMDKOCTN | | F ~ ¥ (HeBonbLune CKOpOCTH) F
(raza) F. = V* (6oneLume ckopocT) ¢
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Il. @CTaTM Ka]

Cranka —pasnen MexaHAKW, U3y-aloLLIA PABHOBECIE TEN M YCNIOBYISi DABHOBECUA

@ MomeHT cunbi

3TO cCxanapHaa Benu4uHa, paBHas

M{in] NPOU3BEASHMIO MOAYJIN G HA IBYO
STOM CHnb F— nmogynb cnibi
(ckanap) ’ d — nnewo cuns!
Mneyo cunkl || 270 KparHaiiee pacCToAHKE OT -
OCY BPALLEHNSA [C NVUHAA OeiCT-
d [m] BUA CANBI (ECNK NUHUA OelicT-

BUfi CUNbl MPOXOAWT Hepe3 OCb

oCh

M2 =F2'd2 :0 (dz =0)

-

M3=F3'd3<0

B[h'_il.Ll(.‘HﬂﬂO
BpaieHus, To d =0)
- M=F-d>0 TpnHsTo yenosHo:
R a) Ecnv momMeHT BpaLlgeT Tesio No Yaco-

BOIA CTRENKE: M>()
6) Ecnu MOMEHT BpalLLaeT Teno NpoTus
4acoBOW cTRpenkn: M<0

@ PaexoBecue Tena (

COCTOSHIE, MPY KOTOPOM TENQ HENOABYDKHO
OTHOCHTENLHO BRIBPaHHOM CMCTEME! OTCHeTa

[ C—-—y

| ycnoeue: Ha Teno He AomKHLI OEACTBO-

Il ycnoeue: Anrebpanueckas Cymma
MOMEHTOR CWI, GEVCTRYIOLLWX HA TENO, A0N-

BaThL CUNbl WA UX AEHACTBAA JOMKHBI BbiTh
CKOMIEHCAPOBAHb *Ha BbiTh PaBHA HYNO
ZF =R =0 |-» HETROCTYNATe/HOMR > M =0 [ Her spatueHms
ABUXKEHUA

@ Buap! paBHOBECUA

YcToiiuMeoe pasHoBecue

MNPV BLIBOOE TEMA U3 COCTOSHUS PABHOBE-
CUA BOBHUKAET PABHOAGCTRYIOWAs, BO3-
Bpauiaiolan ero B pagpHoBecue

HeycroumBoe paBHosecue

npW BLIBOLE TENa U3 COCTOAHMA PaBHOBE-
CUA BO3HMKAET PaBHOAEHCTBYIOWAS, yoa-
NAOLLAs TENO OT NONOXEHNA PABHOBECUS

B nonoxexun
VCTOMYMBOrO
[PaBHOBECHA
Teno cbnapaet
MUHUMANBHOIA
MNOTeHLUANBHON
3HEpPIVen

N ‘N' BeapaznuyHoe pasHoBECHE
% npu BLIBOAE TENA W3 COCTOSIHUS PABHOBE-
ot —  CUR paBHOOEWCTBYIOLWAR OCTAETCA pas-
mg mg HOW HyMIO
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V. [[3aKOHbI coxpaueuu@

3aKoHb!
COXpaHeHus

@ wmnynsc
i -y

pa3gen MexaHuky, U3yHalolumii GU3nYECKUE BEANYMHDIL:
WUMIMYNLC 1 SHEPTUIO, 8 TAKKE 3aKOHB] UX COXPaHEHUS

MMNYBC CUIIbL ) WMIYIBCTENA
j_F.p |lmc)| BexTOpHaA Puan- Pem-V |[KTM/C) BeKTOpHaA rau-
YECKas BEIMYMHA, YECKas BeTMYMHE,
I — MMNynse ABMAIOLLIAACA P —uMnynec Tena SRIFIOLLARCS
(o0 ] Mepoit peicTeun 11 — Macea Mepoit MexaHu-
F — cuna CUL 38 HEKOTOPLINA V — CKOpOCTh TEna | yeckoro Asvxe-
t — Bpems NPOMEXYTOK HWA (KONU4ECTBO
ITMF BPEMEHN PTTV LBDKEHS)
’- Il 3aK0H HeloTOHa B MMIMYNBECHOM BAOE Fr — MMITYNLG e
— mV1=P; — WMMYNLG Tena Ao
= LT = — s B3aMMOAEHCTBUA
L F Va-¥ L Fra=mVa—mVil G _ P, — uMnynec Tena nocne
= tnalfi = = B3aMMopencTBuS
= = m t = e
L o Frt=P2-P1=AP) AP _ yamererve umnynsca

~
58]
< I

m UBMEHEHE MMMYNBCA TENa PaBHO UMIMTYINBCY CTb!

TENa B pesynerate
B3aUMOAEHCTBUA

® 3AKOH COXPAHEHUA MMNYJIbCA

n —
Y P; =const

BexToprias: Cymma (reomeTpuueckas)) | <

UMMYNECOB TEN B 3aMKHYTON CUCTEME
OCTAETCA BEMMHUHOIA NOCTOAHHON

Pi+Py+.+Pn=F+B+.+F,

mVi+mVs + . 4m V, =mV, + myV +..+m, V.

-

M, M, ... M — MACCHI Ten B cucTeme
Vi, V, ... V. — ckopocTy Ten ao B3aUMO,0eACTBUSA

W, V;...V, — CKOpOCTH Ten rocne B3auMOaenCTBus

-1

' T

3amkHyTaa (M30NMPOBaHHAA) CUCTEMA Ten — 3TO Takan
cucTema Ten, B KOTOPO Tena B3auMoOerCTBYIOT TONbKO
LPYT C APYTOM U HE B3aUMOEHCTBYIOT C APYrMA TENamu,
HE BXOOALLMMU B 3Ty CUCTEMY

'

DKH HMEH

a) ecnu paBHOAEHCTBYIO-
LiaA BHELUHWX CW/l paBHa
Hynio

6) ans Npoekuun Ha Ka-
kyto-nubo ock, ecnu nNpo-
eKUMs PABHOOENCTBYIOLLEN
HAa 3Ty OCb PABHA HYMIO
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(3 PABOTA. IHEPTUA

1) Sueprus || cxanspHas GrsnHecKas BeNVHMHa, XapakTepusyioLwwas cnocob-
HOCTb Tena coBepluats paboty
E [Ix]
2) Pabora 370 ckangpHas GUINHECKan BENMHMHE, SIBNSIOLLASICA NPOCTPaH-
CTBEHHOW XapaKTepPVCTUKOIA AENCTBIA CUJibl
A [0x]
Ubie=l-In 3TO 3HAYWT, YTO, eCM cuna B 1 HoaBWUraer TenoHa 1 M, T CoBep-
waetca pabora 1 Ix.
Censb paboThl 1 SHeprn PaBora Boerpa
|A| =|AE| A A=E,-E =AE — (knHeTv4eckas aHeprus) pABHA UBMEHEHUIO
~ A=E -E =-AF — (noTteHuwaneHas 3HEPrua) aHeprim

A=F.5 | A=F-5-cosa fﬁt S

F = const!

MexaHuyeckan pabota YUCNeHHO paBHa

o

NPOM3BELAEHWIO MOAYNA CWNbl HA MOLYNb S
nepemeLLieHna U Ha KOCUHYC yrna Mexay 7 s
HAMK
—0° -———-.F S A>0 A = F-8-cos0°, cos(® = +1
i S = max> A=F§
Fen
0°<a<90° A”__‘S A>0 A = F-S-coso.
—F e = AL 02 (=] te} -
o = 90° E__ L ———§ | A=0 A = F-§-c0s90°, c0s90° =0
e A=0
S,
90 <a<180c| F ~t——-5 [a<0 A= FScosa
. cosot <0
E . — FS-cos180° o
o = 180° Dt ——— G | 4| A= FS-cosIBU?, cos180°=-1

max

A=-F-§
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@ KUHETUYECKAS SHEPTUHA

1) KuneTndeckan saHeprus

E, 10x]

2) Teopema 0 KWHETUHMECKOW 3HEeprun

Mon, peiicTBreM cuiibl F
TENI0 COBEPLLINTIO NEpee-
LEHUe § 1eroCkopocTs
yBenmMnacsc Vi oo v,

SHeprvis, KOTOpOI OBnanaeT Teno Bcnes-

CTBME CBOBTO ABWXEHUS (XapakTepuayer
LBWXYLLEECS Teno)

B B
[ [epsd

s———-—qS

Y

NPUADKEHHBIX K TENY,
PaBHA M3MEHEHWIO €0
KMHETUHECKOM 3HEpA:

Paboracun,

Boiwicriam padory, 1) F=ma (Il 3akon HuioroHa) A=E, —E, =AE,
COBEPLUBHHYIO CHNOIA 2w
= 2 2aS=vE-yt = 5= M
3) =0 coso= 1
2 2 2 il 2 2 2 2
A*_—HIVZ —mV! -] A=mavz2 Vl ]=mV2 _m‘,] =EK2_'EK1 EszV
2 a 2 2 2
2 2
mV. mV,
A T
Z ¥
3)
2 a) B sibpaHHOi cucTeMe OTCHETA:
mV
E= 2 — ecnvTeno He psuraeTes (V=0),T0E =0 | . .,
&
— ecrnTeno asuraetcs, 7o £ >0
6) KMHETMHECKas SHeprus sSBANETCA OTHOCUTENbLHOMN
BENUHMHOMN, T, K. 3aBMCUT OT BeIBOpa CUCTEMEI OTCHETa

(5 NOTEHUMANLHAS SHEPIUS

1) NoTeHunanbHaa SHEPrUA

E, (x|

Xe Tena

dopmaumm

Tena

aHeprus, obycnoeneHHas B3auMopeii-
CTBMEM TEeN UMK 4acTel OOHOro U TOoro

OHa 3aBMCUT OT B3aMMHOIO pacrono-
XEeHus! TeN WK BENWYUHLI YNpYyroi pe-
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2) MoreHuManbHas aHepPrus NOAHATOrO Hag 3eMneil Tena.
Pabota cunbl TRXEcTH

a) B6nmaun noBepxHoCcTV 3emnuv Byaem cuntats F__=mg= const
TRnp
4 nagaet r i ; c=ab =
a -

Mnowank ¢urypsl non| A=mgh,—h)

mgr—
%b rpadukom F= F(S8) umc-
/ //4, S nerHo pasHa pabote, co- A = mgh, — mgh,

¥ b BEPLIEHHOW 3TON CUNOH
2N
A=FScoset |, o=FS, F=const=mg A =mg(h,—h,)

A =mgh, — mgh,

Pabota cunpl TAXECTU He 3a-
BUCUT OT HOPMbI TPABKTOPMU 1
ANWHBI NYTK, @ 3aBUCKUT TONLKO
OT Ha4a/IlbHOTO W KOHEYHOTD Mo~
noxervstena (A, u hy)

Mone cunbl TAXECTU NOTEeHLUM-

a=0°cosa=1 | S-cosa = b ~h, | o =180° coso=-1

S=h-Fk, | A=mgih ~h) | A=mgih-h)(-1) anbHoO )
A=mg(h-h) , 1 A=mglh -h) Pabora NoO 3aMmKHYTOW Tpaek-
TOpUK paBHa HyNI
& Pabora F,_, scerna pas-
A =mgh —mgh, : . . HA M3MEHEHWIO MOTEH-
-mgﬁ! j A=Ep —Ep =~(Ey, —Ep)=—AE ||| ynanshon  aHepruw,
Ef = mgh

B3ATOMY C NpPOTHWBOMNO-
JNOXHDbIM 3HAKOM

— Teno nagaet: 4 > 0; Ep YMEHbLUAETCA
— Teno nogHuMaeTca: 4 < 0 Ep yBE/INHMBAETCS

— Teno nBVUraeTcA ropusoHTansHo: A = 0 Ep = const

B) MoTentansHan SHepriis

MOOKSTOrO Hag, 3eMneii Tena Eveugh |- | I0OpIVE BEMMOIBRUTENA

Tena ¢ 3emnei

drd 7 _ TIOTeHLYIaEHaS HEpTVIR SEIRETCS OTHOCHTE -
HYAe60U WOl BRNMHMMHON, T. K. 33BMCUT OT BLIGOpa Hyne-
FZZZZ7 YPOGEH®  pncoyposus (rae b =0)
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3) NoreHumansHasn aHeprus ynpyrogedopMUMpOBHHOIO Tena.

a)

PabGora cunebl ynpyroctu

NoaakoHyMyka: | £, =KX, Fyp#const (Fypp~x)
L paduueckmii App=0 ath gy
NpyXuHa G RN T
Fnp.  CXAMaETCR conoco:
; Mnowaas Guryps <y Fyupt + Fynp2 -
N nog rpapukom & 2 P
= o, 2
Fona F, = Fx)wcnenno | _ Ry + 2y — )= B0
2 paBHa paboTe cubl 2 2 2
Fo Ynpyroct T ki kxy
L7 s PP
2 2
T. K. Fyry, #const, To Gepem cpeptee axaverme F PN Pt
x=0, Fro=0 A= FmaSco0
w—» = ackuthky
0: Emp.l = = Fynpl & ynp'?..’ T 2 (xl 2
IAAAAAAAAY s
w1 e S 1Y |S|=x-x ki kg
%w’ W ———> e ) 2
0 X2 X coso=1 (@=0°%
2 2 pabora cunsl ynpy-
e .’."'_;J__ kxy FOCTH paBHa M3MeHe-
2 HMIO MOTEHLMANBHOM
" A=E, —Ep=~(E, -E,)=-AL, SHEPruK, B3ATOMY G
Ep - NPOTUBONONOXHbBIM
2 3HAKOM
Teno (MpyxvHa) FiBﬂEd)OpMHpOBaHOEF =0 _
Teno(npyxuka) aehopMposaHo E, > 0 g
1
MNoTeHumaneHas 3Heprua ynpyro- Ex® SHEprUs B3aWMOLECTBUS
nedbopMMPOBaHHOro Tena E,= —2— ~ | wacreiiTema
j AAAAAASSD X
g\ AR X E, 3aeucuT ot Aedopmalim:
jIMMMNb ; X - ueM Gonelue nedopmaums, Tem E, T
/{ 1

—ecmmnone.ued:owmposauo,Ep:D
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@ 3AKOH COXPAHEHUS! MEXAHUYECKOW SHEPIMA

ﬂonrlaﬂ MEXaHV4eCKan SHeprus 3amx- F=E+E =oonst
HYTOI CUCTEMBI TEN, B3aUMOLENCTBYIO- L
»| LUMX TONBKO 32 CHET CWJI TSIFOTEHWA 1 E +E, =E, +Ep,
yNpYrocTi, OCTaeTca NOCTOSHHOM Mpu
MOBbIX ABUXEHUSAX TEN AE +AE,=0
A=E -E | 4=4 *
A:EPI_EP?. 'EKQ_EKi__-Epl_Epz = EPI +E“l =Eﬂ2 +EK2
E=E + E —nonHas MExaH4eckas sHeprus E = const
Ecnu cuctemMa He 3amkHyTa v Tena
B3AUMOEVCTBYIOT 3a CHET UM TPEHMS, AE +AEp = Ay
! TO CYMMa U3MEHEeHUI KWHEeTUHECKOM 1

MOTEHLMANBHOW 3Heprwii paBHapabote | ., ., _» _ p ¢
e —F B —E. =—F,

CWJTbl TPEHUA. Lo ye 82 .
Pabora cunbt TpeHun *
= % A 8 — F..
Frp QW % S A ‘F S Cosa AHF = _F”"‘ S
ol o
= = i "
S & Fp cosa=-1 (a=180%) E

@ MEXAHMYECKASI MOLLHOCTb

MowHoCTb || 370 CKansipHasa huanHECKan BENUHUHA, XapaKTepuayloLlas pabo-
Ty, COBEPLUEHHYIO 32 €AuHuLY BPEMEHW (BbICTPOTa COBEPLUEHUS

NIBrj paboTbi) k
1
NoA 1B1=—% 1 nowanuHas cvna = 736 Br
I
A = A=F-Veosa
S o 0 =

t t :’F i
A=F-S=F .S-cosq. ecnm I_:=const;‘7:const o vV

_y GpepHRn N=F- qu-coscx

=3 wMrHoBeHHan N =F-Vw-cosa

ecnm _F- =const

N
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V.

MexaHundyeckue Kkonedbanusa

N BOJIHbI

MexaHunyeckme
xonebaHumusa M BonHLI

(@ KONEBAHUS “

Mexannyeckue
KonebaHus

pasfen MexaHUKK, U3yyaloLLnii oCoBLI B, JBMXEHNA —
xonebanus, a TaoKe pacnpocTpaHeHue konebatmii B npo-
CTpaHCTBe

3T0 ABVDKEHWS! WU NPOLECCH, KOTOPLIE TOHHO WnK npubnu-
3UTENLHO NOBTOPAIDTCH HEPE3 OnpeneneHHLE MHTepPBarbl
BpEMEHN

370 KonedaHNA MEXaHWHECKUX BEMWUMH (CMELLIEHS, CKOPOCTH,
YCKOPEHUS, SHEPTUM T, 1.).

Bunb konebanumin

Y

\ 4

|

CTBMM BHEWHel cunbl
{rnepeoHayaneHom coob-
LEHNUM 3HEprun) U npu
nocneaywwem OTcyT-
CTBMM BHELUHMX BO30ei-
CTBMIA Ha konebaTenkHyio
cvcTemy

ceoboaHbie BbIHYXOEHHbIE asTokonedaHua
konebauus, Bo3HVKaIoLLME konebaHug, BO3HMKAID- konebaHus, BO3HUKAIOLLME
NpY OQHOKPATHOM BO3LEA~ wue nop AEeNcTBUEM nof, AeiACTBUEM BHYTDEH-

BHELUHWX, Nepuoanyec-
KW M3MEHAIOWMXCA CWN
(Npy nepuoanyYecKom
NOCTYNAEHUN 3HERrUU
naeHe K konebatencHoi
cucTeme)

HUX NEeproan4eCcKnX Cun
(NpKU NEPHOAMHECKOM 0~
CTYNNeHWU SHeprumM ot
CcOBCTBEHHOMO MCTOMHUKA
BHYTpM KonebarenbHon
cUCTEMBI)

KonebarensHas cuctema — 310 cuctema Ten, CoBepLIaiowmx konebarms

® CBOBOHBbIE KOJIEBAHUA
1) Ycnosus Bo3HuKHOBEHUA CBOGOAHBIX KONebaHuiA

— konebarensHan cUCTEMA OO/BKHA UMETh
TIONOXEHUE YCTOVYUBOTO PABHOBECKA

— MNP BHIBEOEHNN CACTEMbI U3 MOJIOXEHNA
paBHOBECUA A0MXHA BO3HUKATL PABHOLE-
CTBYIOLLIAA cuna, BO3BpALLaoLLas CUCTEMY
B MCXOAMOE MOROXEHWEe

— UHEPTHOCTE CUCTEMBI

— CUnbl TPEHKUA (CONPOTUBNEHWS) C4EHb Malbl
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2) MaTeMaTU4ECKMi MafRTHUK

MarepurankHas To4Ka, NOABELLEHHAA HA HEBECOMOM HEPACTIKAMON HUTW

T +m§ =m(|:—zt +r.-1u)
X: mgsina= ma_

y: T—mgooma= ma,

LA MasTbix YITOB O
p X
SO = tgo, = 7

x —CMelleHue

nonoxeHue
YCTOMYMBOrO
PaBHOBECUA

a":ﬁ.‘_gix—’ﬂ”x

— aTlx

OT MOMOXKEHMA
paBHOBECUS

| — nnMHa HKWTK

g

_=2
T

T=2n\/z
g

repuoa
MAaTEMATUHECKOrO
MasTHMKA

3) NpyXUHHbLIA MasTHUK

MarepuansHas To4Ka, 3aKperuieHHas Ha abCoMoTHO YNPYroi NpyXmHe

4 N
-~
A
- —
X i
0,
[ O,
] 1 Py N
-
2
7 : T
\ g Ve
X — CMELUEHWUE OT NONOKEHUs
paBHOBECHA
m = 4Tlx

R=0
NONOXeHwe
YCTONYMBOrO
pasHOBECUSA

N+mg+Fyp=ma

X Fm—ma

F_=—kx (3akoH I'yka)

B ol
m

T =21t\/E
k

repyof,
MPYXUHHOTO
ManTHWKa
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(@ rAPMOHWYECKME KOJIEBAHUS

1) FTapmoHnyeckue
konebaHua

|

2) ¥YpaeHeHna v rpadmkm

konebaHvs, NpK KOTOpLIX KONebnioLLanca BeinvHa ame-
HSETCA CO BPEMEHEM 10 38KOHY CHMHYCa WM KOCUHYCA

X
x‘ﬂ — g S e — —— ———
sﬂr}/ oS
A TR ALAT !
[ 1/2n__n 3/dn 2n @

X = X, - cos (O + @) = x,, COSQ

Ii"_ X - SIN(OE +@Qg) = x,, sinﬂ

X — Cmellenne [M] ot nonoxexus
paBHOBECKA

X, — amnntypa [M] — maxkcumansHoe
CMeLlEHVE OT NONOXEHWNSA
paeHoBECHA

T — nepwop [c] —epems 0OHOMO
NonHoro konebanma

v — uacrota [lu] = [1/¢c] —wucro
nonHbix Konebaumih 3a eguyuLy
BPeMEHM

V,a

o~

T

X=X, cosQ=2x, -cosot (¢,=
7 ’ s
V=x :xm-m-cos[mr-#-a]

a=x"=V'=x,0 cos(or +m)

1
V=—
F i

 — UWKNU4eckan yacrora [pap/c] —
4MCNO MOMHLIX kKonebarHui

33 27 CeKyHn, 1T
N=—=
T

27-V

¢ — ¢asa [pag] — yrnosas ¢puauve-
CKasl BeNuYmHa, NoKaskIBaKoLLEs
NONOXEHUE U HANPABNEHUE
LBmxeHmst konebarensHoi
CUCTEMBI B I8HHbIA MOMBHT

BPEMEHN Q=0r+ ¢,

¢, — HavansHan Gasa [pan)

3) MpeepalieHne sHeprum

E,>E —E, ..

/)
,’ : EPmﬂx Kmax
/
1 )
'rg; h : ?gﬁ k2 - m;’,f 1. mwz- %2 L}
e [h =
SAhLe”
mV? | E o ~ X

3aryxawume
xonebaHua

I n‘f 2
th
2
!.'!T_E‘ZE’"- npw Fm-‘#o
E. I=x |

TIOTTH, m
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@ BbIHY)KAEHHBIE KONEBAHUS!

D/ B caoboaHbix konebaHusx Tena yHacTByIOT CTROO € OOHON HacTaToi =

cobcreenHan yactota v, [y (o, [pag/c])

1 (g 1 [k

Vn e —_—— [
2n\ 1 s 2\ m ans
MaremMaru4eckoro NPYXHUHHOMO
g MasaTHUKa k MasaTHHKa
(90 == —— [DU — =
! ]

B BIHYXaeHHbIX koneBanusx HacToTa V [Iu] nobas, kotopas onpeaenseTcs
BbIHYXXAAIOWEN CWION F s c (NeprogMIeckoin).

Ecnm F, | M3MEHSETCA NO 3aKOHY CUHYCA MIIM KOCUHYGA, TO BhiHYXIEHHHIE Korle-
Banuva By ayT rapMOHUHECKUMIA.

F =F  -Cosol — 4acToTa BhHYXIEHHBIX KoneGaHnin PagHa 4acToTe M3MeHe-
HWA BHELLHEN CUIbI

2) Pe3oHaHC || aroseneHme, Ny KOTOPOM Pesko BO3PACTAET aMIVMTYAA BhiHYKAEHHbIX
konebaHuii (npovcxoauT Hanbonee nonyas Nepenada 3HEPrvmM OT OJHOM

KosnebaresnbHOM CUCTEMB! K, IpYrow)

2 |F. >F PesoHaHc HabnioaaeTes, KorpayacToTa cobeTeeH-
" ™2 | meix koneGaHuii COBNALAET C BbiHyXAEHHOI Hac-
TOTOH

Xm

VZVO

v YHem MeHbLUE TPeHVe, Tem Gonblue BO3pacTaeT

|
1
|
Vo aMNNUTYa PE3oHAHCHBIX Konebanuii

(5 ABTOKOJIEBAHUS _
OcHoBHbIE 3NEMEHTD

Kore6aHys NpovcxoasT ¢ COBCTBEHHOI a IOV CCTENS

yacTaToit (Vo ). CvicTema cama peryrmpyert

MOMNGAHEHWE HEPIVIA.
MCTONHMK

Y106k KoneBaHA CUCTEMBI HE 3aTYXanu, sHeprm

HY>XHO NOMNONHATL IHEPIUIO B TAKT C €6

KoneGaHvsMW (CTPOro NepUopMHeEcKas
NOAKa4Ka 3HEPAK)

QObparkan ceasb
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© BOJIHBbI “ PacnpoCTPaHeHre KonebaHWiA OT TOHKW K TOHKE (0T 4aCcTULBI K4acTyLEe) B

NPOCTPAHGTBE C TEYEHMEM BPEMEHW
FApvyukbl BO3HWKHOBEHUS 1) ynpyras cpena (Maciusicpeap
MEXaHWUHECKWX BOMH —_ B3AMMOAEICTBYIOT 33 CHET CwUn YNpYyrocTu)

2) WHEePTHOCTb YacTuL,

Bmecte ¢ konebatnami BONHOIA NEpPeHOCUTCH M 3Hep-
BonHbl MBHEPIVA ~ ———p-| e KonebaHuii (£), XoTA CaMu HOCUTENW 3TOM 3HEP-
i, konebniowpecs YacTuusl, G BOIHOI HE MEPEHD-

CATCH

BonHa ABNSETCA NEPEeHOCHVKOM JHEPIK

(@ NONEPEYHBIE 1 NPOAOJILHBLIE BOJTHbI

aTO BONHBI, B KOTOPbIX 3TO BONHKI, B KOTOPbIX
YacTULLI Cpeabl YacTVLbl Cpeab
Nonepeuwbie konebniorca NpoponeHbe konebnoTes BAONb
NepneHaNKYNApHO HaNPasneHns pacnpocT-
HAMNPaBNIEHWIO BOMHbI paHEeHWA BOMHbI

nedopmallua CABUra B TBEPQbIX TENAX, AedopMaumsa CKaTUA B rasax, XUaKoCTsx,

Ha NOBEPXHOCTW XXM OKOCTU TBepAbIX TEnax
123456789 V 123456789 7
L R e =y ey ey i 2+ttt r 110

sl el ol o | 1 1283 YK I5lg 17 I8 19
I WJ I /4T |||||||||]/4T
i 1.2, 3456,7 .8 -
ﬁl 4 1/27 _$__L..J_A4J_J__$_&_L~]/2"‘.r

I TR
3141 15161 71819
|

Po S TR ST ey
3/4T .l__l_%:_P’J.M_;/4T
21

A :

A — anuHa BOMHEI

g it F\ ; V & —— CKOpOCTH BOSIHE!
: ) 4 = ”
‘ U \ X, — aMmnuTyaa Konebanmii ToHex

3 @rarka B TAOIMLAX 7 CXCMAX
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IUTMHA BOJIHbI || 970 kpamiaitwee paccTosHne mexay aeyms Gnvxaii-
WMWY TOYKaMK, K0.|'|86J'IIULL|,V|MMCF| B OOVMHAKOBOMK

A [M] ¢ase (310 pACCTOsHME, Ha KOTOPOE PacrnpoCTpaHseT-

cA konebartensHoe OBYXXEHWVE B YNIPYroi cpege 3a

oOvH Nepuropn)
CKOpOCTE BOJTHB CKOPOCTL NEPEMBLLIEHWA TOYKY, B KOTOPOI KonebaHve nmeeT
V. [m/c] onpenenexHyto ¢asy (CKopoCTs NEPEMELLIEHVS «rPebHsa» unn
5 «BMNaavHel»)
L v V, — 3aBucuT OT CBONCTE Cpefb
e § V(T) — 3aBUCHT OT MCTOHHIKA BOSH

(© BONHLI B CPEAE

MNnockas BonHa

Y B

T
4
y L I
]
T
L

I
T
g
1

I []

T

y B
.

Konblesas BONHa

BorHoBag — FEOMETPMHECKOE MECTO TOYEK,
NOBEPXHOCTL  KONeOMIOLLMXCS BOOMHaKOBOM hase

BorHoroi — reOMETPYHECKOE MECTO TONEK,

poHT 0 KOTOPbIX A0XOAST KoneGaHns K
MOMEHTY BpemeHu T

Ty — NUHWA, NEPNEeHAUKYNAPHaNA

(—) BOJIHOBOIA MOBEPXHOCTK (3Ta

NYHUA NOKa3LIBAET Hanpasse-
HWE pacnpoCTpaHeHWA BOSHLI)

Fpu nepexone BonHLI
W3 OQHOI cpenpl B ApYTyio

— vactorakonebaHuii (v) coxpaHaeTca
— ckopocTs ( V), Anmnka Bontbl (1) MBMEHSIOTCS

(0 3BYKOBbIE BOJIHbI

3BYK — NPOA0NLHAs MEXaHVHECKas BONHA ONPeneneHHON 4acToThl

uhdpa- &= v=16T— 200007 = yneTpa- Vm},ﬁ,ﬂ ¥ ——— 330m/c
3ByK 3BYK 3BYK
BbicoTa 38YKa — ONPeLenseTcs AKYCTUHECKMIA PE3OHAHC. 3BYKOBLIE
ro4acToTon BOJIHEI MOTYT BbI3BATL BLIHYXEHHLIE
MPOMKOCTE — OMPEEnsiETCA konebaHuA B cuctemax. MpK V.., = Vo
amMnmTynoi BOGHMKAET PE30HAHC




Mexanuxa 35

@) CBOWCTBA BOJIH

{lpyvbuwn oiareHca

Kaxnan BoaGyxneHHAs BONMHOA TOYKA Cama CTAHOBUTCS
> WCTOHHUKOM 3ieMeHTapHbIx BoNH. OrvbatowLas anemen-
TapHbIX BOSH AAET HOBOE NMONCXEHWE BONHOBOIO (OpOHTA

[MpyHUMN CYNEPNO3nLMM BOSH
Mpw pacnpocTpaHeHk B Cpeae HeCKONbKUX BOMH

2 w KaxOas 13 HUX pachpoCTRaHAETCH Tak, Kak Byaro
It Nw LPYrAE BOMHbI OTCYTCTBYIOT

l(mpa)ueuueunpenomneuue ] Ha rpanuLe papyx cpep BOMHA HaCTVMHO OTPEXAET-

BO/M i| €A 1yacTMuHO NpoHMKaeT B apyryio cpeny. (Cre-
NeHb NPOHUKHOBEHIMA 3aBUCUT OT BOJIHOBOIO CO-
o B NPOTUBNEHIA)
D 3AKOHbI OTPAXKEHMS
A U 1) Mapalowmin nyy, OTPaxEHHLIN nyd 1 NEPREHAVKYNsAP
e ey B TOYKE MageHus nexar B 08HOM NAoCKOCTH
ek 1 ,’,‘;’ 7,7,/ 12) Yron nagenus paBeH yrny oTpaxeHus

3AKOHbI MPENOMTEHUA
1) MNagarLwnii nyy, NPENOMAEHHENA NYyH W NEPNEHIAMKYNAD B TOYKE NaaeHns
NEXaT B OQHON NNOCKOCTH

2) OTHOWEHVE CHHYCOB YN NAAeHVs M yrna npenomnexns [ ——
€CThb BENWMUHA NOCTORHHANA W PABHA OTHOLLEHWIO =i v—‘ = const
iA b
CKOPOGTEN BOMHbI B 3THX Cpeaax i

1 @HTedeepeHuun BOIII-Q

YCT0itMBasn KapTUHA YepenosaHmns MakCUmyMOB U MAHUMYMOB Konebaruii ToHeK cpe-
bl NPY HANOXEHWUW KOMEPEHTHBIX BONH | A = a) max: TR
KorepeHTHBIe BOSHb — 3T0 BOfI- I V\J\C\J , [Ar=2n |

v \ 6) min:
Hbl O[IMHAKOBOM HACTOTHI CNOCTORH- - At P

~ ~

HO pasHOCTLIO a3 Rp ST TS

m (Jlud)paxuuﬂ BONH )

OTKNOHEHWE HANPABIEHWSA PACNPOCTPAHEHWS BOSH
OT NPAMONMHEMHOTO Y MpaHrLLl Nperpaast (orvbarive
BOJIHAMY NPENATCTBIAIA)

Ycnosme: pasmepbl NPENATCTBUAS JOMKHBI ObiTe CpasHU-
Mbi C BNVHOM BONHE

NENE AN

|

4
»
|

!
’

CA A PP

v @0 nepu3auun sony ) | Belnenerve konebarniA NonepeyHoi BOMHbLI CTRONG OAHO-
ro Hanpasnexus (NP NOMOLLM NonspyUaaTopa)
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Tennoebie ABNEHUSNA.
MonekynspHaa ¢$pusuvka

MonekynapHas paspen pramkm, NsyHaloLLMA BHYTPEHHEE CTROSHWe Ten,
duamnka a TaioKe TennoBsLie NPOLIECCHI, NMPOMCXOALLIME BHYTPU
BELLECTBa
Monexyna HavIMeHbLLIAR YCTOMYMBas YacTuLa BeLLECTRa, obnaaa-
(c rpey. — «Maccouka») 10LLLAS €70 XMMUHECKMM CBOICTBaMU. Monekyne 0bpa-
3YI0TCA U3 aTOMOB
Arom HaYMEeHbLLAas 4acTulla XMMWYECKOro 3NeMeHTa,
(c rpey. — «Hepenvmbi) || HOCUTENL €M0 CBOWCTB
Yucno Yueno atomoB B 12 rpaMmax 1
Asoragpo yrnepopa (2C) (umcno vac- | N, =6,02-102 ——
NA [1/mons] v, B 1 MOne BewlecTsa) el
KomecTso 1 MOk — 3TO KONVHECTBO BELLIECTBA, B KOTO-
BEILECTES || poM conepXMTCS CTOMBKOXE HacTUL, Cronbko | N
v [monb] aroMmoB B 12 rpammax yrnepona N,
N — 4wvcno yacTuy
(MOnexyn, aToMoB)
MonspHas macca || Macca BeluecrTsa, B3ATOr0 B KONMMYECTBE Of- s m
W [kr/mons] HOro MOns v
g =Mri1073 w=m-N,
Mr — OTHOCUTESTbHES MONEKYNAPHAA (TOMHAR) MAC- | my, — Macca OBHOM HacTuLib!
ca Bewjecrsa(T1abn. Menneneesa) (aroma, Monexysbt)
Macca yacTuLbl m
(aroma, Monekyst) "y = — N_A my ~ 1 072 [ia]
m, [k1]
i S
Yucno vactiy, N=v-Ny=—N, || KoHuentpauus | = N
N 1 N
n[1/M7] ¥
Paamep atoMoB |7, ~108cm~10""n (e vacmy
B eauHiLe cbbema)
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(@) OCHOBHBIE NOJIOXXEHUS
MOJIEKY/IIPHO-KMHETUYECKOI TEOPUM (MKT)

| nonoxeHue

Bce tena (Beilecrtea) cocvosT v3 4Yactul, (Monekyn,
ATOMOB, VOHOB. ... ), MEXOY KOTOPLIMMK ECTh MPOMEXYTKM.

b

OnbiTHBIC 0BOCHOBAHUST:

— KPOLLIEHVIE BELLIECTBA

— UCTIAPEHWE XXINOKOCTE

— CMELLIMBaHVE BeLLIECTB; Amddysus

— ¢hoTorpadum TyHHENBHOMO MUKPOCKONa

I nonoxexue '
YacTvLibl HAXOOATCA B NOCTOAHHOM, HecnopsacyHoM
(XxaOTMYHOM) DBVKEHUW (TENNOBOE ABVKEHVE)
OrpimHsie obocHoBaHNA:
1) ucnapeHne (BLINET 4acTuLl, C NOBEPXHOCTY BELeCTBa)
2) Duddyaua CaMOrnpon3BOSILHOE NPOHUKHOBEHWE YACTWUL, OQHOro
BELLECTBA B MPOMEXYTKN MEXIY HYaCTULIAMW ADYTOro Be-
Lectea (yem BonbLue Temneparypa, Tem BeicTpee npoxo-
v pyddyaus)
B rasax B XUOKOCTAX B TBepALIX Tenax
NpoxoauT BbiCTpo (MKUH.) NPOX0OMT MEANIEHHO MPOXCAMT O4EHb
[pacnpocTpaHeHue 3anaxaj {MUH. — yachbl) MEAIEHHO (roasi)
[PacTEOpEHVE KpaCcKH [cnvnanue oTLINGOBAHHBIX
BEQnE] nnacTvy metannal
3) BpoyHockoe XaoTWYECKOe [BWXEHWE B3BElUaHHbIX B
[BUXEHNE XUOKOCTY MNK rase 4yacTuL, Nog oencTeueM
HECKOMIMEHCUPOBaHHbIX YAapOB MONeKkyn
O\C{ P 19050 SKVKOCTV NN ra3a
SAHWTEHH i
[}
(mauk) & 3 1827r.
(0BwACHUN BpoyH (6otanvik)
FBNEHNE) (OTKpbIN SENEHE)
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lii nonoxenne Mexay 4acTulamu CyLIECTBYeT MEeXMOREKynapHOe
B3aVMOLENCTBME (NPUTSHXKEHVIE Y OTTANKMBAHWE)

Y

OnmbiTHbie 060CHOBaHUS:

— coxpaHervie hopMbl TREPALIX TEN (Frp)

— HAMMYMe NPOMEXYTKOB Mexay YyacTiuamm (F_ )

- ynpyrocteTen (F uF )

— CAvnaHve Ten ¢ oTLUNMOBaHHLIMU NOBEPXHOCTAMUA

HOBECHOE
I*—rj*: - pg?mo»{eﬂue ] R=0 F=F
A B AP @) e 5
b o N
I I cxame 0be crnbl Bo3pacTaloT
: I (r<r) } an <

pacTRxeHnE 066 cuiTbl YMEHBLLIAIOTCA
(r>r) an >F,

Pa3pLIB

O (r>2r)

B pasHeix BewecTsax pasHue r, U F_ o

f;lpao

} obe cunel McHe3aloT
Fm_—} 0

3aBUCYMOCTE MOMIEKYNIADHEIX
CY1 OT PACCTOAHIRA MEXTY
MONEKYNEMI
CWbl BNSIOTCH

i KOPOTKOAEACTBYIOLLMMM

0 ,-0;\/_- = — MNP PACCTOSHWSX, NPEBbILLA-
I lowrx 2-3 nrameTpa Monekynbi
H C1NA OTTATKVIBAHNS PaBHa HyMIo;
| CINA NPUTKEHWA CTREMIUTCS K
I Hymo

= ' ﬂll F. - nNpy conmxeHnn monekyn

o > r (r<r,) obe cunbl peako Bo3pac-

0 ro Taior, Ho £ > F

F
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@ WAEANbHbLINA NA3. OCHOBHOE YPABHEHUE MKT
1) UpeaneHeiil ras || ¢puanyeckan Moaens peanbHoro rasa, B KOTOpOoi He -

2)

4

ThiBAOTCH BBaMMOﬂ.EﬁCTBMH Mexagy mMonekynamu
(F, = 0; F,=0)

OcHoBHbie nonoxedns MKT wgeanbHoro rasa

1) Monekynbl — MarepuansHbie ToHkY (aBCOMOTHO yrnpyrve wapuku);
2) BBMXEHVE MONEKYN NOOYVHAETCA 3akoHam HbloTOHA,

3) Her B3anmopeiicTevs Mexay monekynami (E =0; E, #0);

4) MOneKynbl ABUralOTCA XaOTUYHO;

5) paxe B caMOM ManeHeKOM paccmartpveBaemom obweme copep-
Xutca 6oNbLLOE KONMYECTBO YacTul, (MONeKyn), CPaBHUMOE C 4WC-
nom Asoragpo

CnegcrBna U3 XaOTUHHOIO OBVXXEHUS MOJEKYn

1) BCe Monekynel ABUIAIOTCH C PasHbIMU CKOPOCTHAMM,
TO3TOMY BEOZVM NOHATUE CPEAHSA CKOPOCTL V(V .3V viVs)
2) BCe HanpaeneHvs pasHoNpaBHbl |V, =V = V.
3) Monexynbl pacnpenensiorca no cdbeMy pasBHOMEpPHO

8wk CPEIHEE SHAYEHVIE KBATIDATA CKODOCTN
Vit~V — —
Vzt/fil”y y szvf.+v3+v§ 2o i
)/_._:‘_:4/ — — - = 3
x V =3V,=3V, =3V,

OcHoeHoe ypasHexne MKT \
[AENEeHue rasa: — CyMMa Cui yBapoB MONEKyn

d Ha eAvHVLY NNoLaan
41: G [ P N-F (N — wcno ynapysiumx Monexyn;
- _I’ilé/ ] x e S F, — cuna ypapa o4HoN MoJIeKyibl)
~

e A N=%n§xm-S(N =nV=nlS)

e e N 2m, V.
‘ I —3 | \ Fi = e A (1l 3-8 HeoToHa (UMMYNEC))
P= ;n -tV
— "7'7"\ 1 —2 el
(cBa3b Mexay P=—pV P=—nkEx
MaKPOCKONMYECKUMMN 3 3

¥ MUKDOCKOTASECKIMIA p — IOTHOCTS rasa EK ~ CPEOHAR KMHETYeCKan
MupDany) BHEPIYA MOJTEKY b
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® TEMMEPATYPA. SHEPITUA TEMNJIOBOIro ABMKEHUSA
MOJIEKYN
1) Makpockonuyeckue
napamerTpel

- paenenve P [Na)
- obvem V [M7]
- Temneparypa 7 {K]

NapaMeTPkl, XapakTepuayloLLME COCTOSHVE Tena
(raaa) 6e3 y4eTa MOTeKyNAPHOro TPEHWA

Tennoobmen nepefaYa Tenna (aHeprim) OT 0pHOro Tena (MeHee HarpeTo-
ro) k Apyromy (Bonee HarpeTomy)
Tennosoe ST0 TAKOE COCTOSHE CUCTEMBI TEN, TPK KOTOPOM MaKDOCKO-
paBHoBecHue || NMu4eckue napaMeTpsl OCTalOTCA NOCTOAHHBLIMU CKOMb
YIOAHO JOATO, NPUHEM TEMIEPATYpPa O4WHAKOBA Y BCEX TEN
CUCTEMBI
2) Temneparypa busrieckas BENNYUHE, XapakTepuayioLLas OTKIIOHEHVE
. TEna OT TENI0BOr0 PABHOBECHS C APYrAM TENOM, TEMIME-
1°Cl; TIK) paTypa KOTOPOro NPUHATA 3a HOMb (CTENEHb HArPETOCTU)

MamepeHve Temneparypbi —l—-» LLikanaTemniepaTyp Lienscun
°[C]

C" memnepamypa
o Kunernus eodsl
(Npu HOPMANbHBIX

U3MEPSIOT TEPMOMETPAMM
~ MWIKOCTHHIE (CIMPTOBbIE, PTYTHBIE): 100
[meiicTBE OCHOBAHO HA TENIOBOM
paciuMpeHu NpU HarpeBaxni] . yeaosusix)
- [A30BblE g0 Mmemnepamypa
~ NOAYNPOBOAHVKOBLIE masxisg Aea

3) | OnuimHBIA (akT gnga ra3os, HAXOOSALLMXCA B TEMNOBOM PaBHOBECHM:

PV 25

PV %, 2 —
nput=0C: T:const=91=3.76-10 2'11)1( TaK Kak P=Enﬁ‘u = N3l

PV 91 TO AOKA38HD, YTO TEMNEPATYPa
nput=100C: T=C0“S‘=ez =5,14-107" x SBNRETCH MEPON CpeHel
KVHETUHECKON SHERIMMI MONIEKYR

PV — PV kT nocToaxHan bonbumana

o _23 Ik
0, -8, k=1,38-10 X
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4) AbconioTHan Temneparypa. Lkana Kenbeuxa

AbGcomoTHan TemnepaTypa, u3aMepeHHas no wkane KenbBuHa
TeMneparypa (oTpaxaet huanyeckuii CMbICH TEMNEPATYPH)
T[K]
ADCOMOTHLIA HOMb TEMNepaTypa, NPy KOTOPOI NPEKPaLLAETCs ABUXE-
T=0[K] HWE MOJTEKYS (HEAOCTVDKMM, TaK KaK Marepus He Cy-
wiecTByeT 6e3 oBMXeHUs)
npu t = 0°C LLikana KenbenHa I T(k) £(C)
6, = kT, = 3,76 102 ITx 1K= 1°C > 1.2 IO
3,76-107%
=" __~273,15K |
TR - o | gy -273
) Py N PV 2
— — 3
—=kT3 PZ—kT=> P: 'T‘ —“"Z‘Eﬂsz: En(:_'
N v i BT bt il
@ YPABHEHUE COCTOSIHUSI UQEANBHOIO rA3A
P =nkT
n =£ m-N, T YpaeHetivie
V P= v . PV =—RT | Menneneesa—Knaneitpora
Ne m N phe B (coctonHve rasa)
p 7| ypasnenve coctosHus uneansHoro rasa (Menpeneesa—
KnareiipoHa) CBS3LIBAET MeXay coB0it GCHOBHBIE Napamert-
pbi, XapakTepu3yiowme COCTORHME ra3a: aasnexve (P),
obbem (V) u Temnepatypy (7)
YHUBEpCANbHAR R =83l Jbx R= Nﬂ‘fc
[230B351 NOCTORHHAN e e -
U3aMeHeHue cocToAHUus rasa Msonpoweccsl —
MPOLIECCHI, MPOUCX0-
P, V, T, —nepeoHa4ansHoe COCTORHNE . T [AsLLMe Npy NCCTORH-
P, V, T, —kKoteyHoe CoCTontme —L=-L HOM Jrases i
PV, T OfIHOTC 13 MaKpOna-
m = const = = pametpos (P, V, T)
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@ FAS0OBbIE 3AKOHbI (U3OMNMPOLIECChHI)

0

: 1667 r. Boitns (aHrn.)
T = const b g
Q MapworT (¢p.) P A
o m = const 3axoH bong— \ | |
2 T Mapuotra T '
= L--2 Ana pnanHoW T { |
= PV A DAaHHCH Macchl y |
-] 2 1 rasa npu NoCTOSHHOM 5 T
o - y TemnepaType npou3ee-
< = const | newne pasnewvs Ha| [V P
3 const | oBbem ectb BesymHa
By MOCTORHHAR S |
8 ! b 1T s ' 1o
= P~—-I— PV = const L T _273 0 e
|4
1802r.
P = const len-Noccak (dp.) Ij____pz Ii.._._pz
o 5
8 m = con St SaKG‘H reM-HPOCC&Ka o PL - P|
3 O6LEeM [aHHON Macchl
= 7] |r332 npu noctosikom
= Lale= o1 LaBneHun 3aBUCUT OT
s v, L "
L e i N /0
©
Sl vmcomer| [Vl | |22 .
- :]'_ =const e T ‘&z: - 10
VT 273 0
V=V,(1+ 0 ) 273
1787 r. LUapne ($p.)
Y= const _3_8_K_GHLUM P I/| I/E P l/l
8 || = const || AngrasapanHoil Mac- / V2
4 Chl MPY NOCTOAHHOM : ' 2.
=] by J - T
a P T obweme oTHOLLEeHMe
,g ]‘3: = F OAaBfeHus K TeMrepa-
3 £ TYpEe NOCTOSHHO
= V
) Py
& | P =constT o ;
E E = const Va
P""’ T T o l/l T ’::_ tD
P=P,(+ 0 ) -273 0
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( TepMOJJ,MHaMMKa)

TepmoauHaMmuka || pasaen Guamki, u3yHaioLLin obLLve CBOMCTBa Makpo-
CKOMUYECKUX CUCTEM, HAXOASLLMXCS B COCTOAHUM
TEPMOAMHAMUYECKOro paBHOBECUS, 1 TIPOLIECCHI Ne-
pexofa Mexay 3TUMi COCTOSHUSIMU

@ BHYTPEHHSAA SHEPIUA

1} BHYTPEHHAA SHEepPrus CyMMa 9HEepruii BCex 4aCcTuLl, U3 KOTOPbIX
COCTOUT TENO (MOJIEKY/T, aTOMOB, SNEKTPOHOB
U [x] W T. i.); 3HEpruii XaOTUYHOrO ABUXEHUS U
B3avMOLEencTBUA
2) CnocofHibl M3MEHEHUS BHYTPEHHE!H SHeprim
1. CoeepLueHve pabors (A)
2. Tennonepeaa4a (Q)

3} BHYTPEHHAR SHEPrua naeansHOro rasa

MneanbHulil ras — 310 MOAENbL rasa, B KOTOPO He y4u- E =0
ThIBAIOT MEXMQNEKYISIDHLE B3aumopencTems. MNoatomy e
B WeanbHOM rase noTeHUManbHan SHeprusi Monekyn | o/, . =3 E,

paBHa Hymo

Bynem cHuTaTh, HTO BCE MONEKYNE 001a8ai0T OAMHAKOBOM KUHETUHECKOW
3SHepruen E. (CpenHas KMHETMHECKas SHEPTUS)

=3
= = 3 3
Ex=_kT U=N-Ex=2N,-ZkT==ZRT
H 2 2 p

m
N=—N,

Tl U~ } m RT BHYTDEHHAS SHEPTS

= OOHOATOMHOO UAEaNbHOro rasa

U=N-Ex Zp
MameHeHue BHYTPEHHEIA 3HEPTUN NPU m = const A= 2 m RAT
NPOUCXOQMT U3-3a U3MEHEHUA TeMNepaTyphl g M
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@ PABOTA B TEPMOOUWHAMUWKE

1)
AV =V, -V,

IMpu corepLueHum paboTbl ra3oM (Haf, ra3om) BCerpa uameHsieTcs ero 06bem

Paciunpenue rasa

=

PaBorarasa (4)

A°=F _ (h,—h)cos0®
"=pSth,~h)l

|.—‘i =pV,—V)= [JAVI

PaboTa Han razom (4)-

A=F(h,—h) cosl§0°

A=pS(h,—h)1)

[4=-r.-V)=—pav |

o8 p = const

Cxarve rasa

A=p(V,-V)
A = pAV

Pabora raza (47)
A" =F, (h, - h,) cosl80°
A" =pS¢h,—-h} 1)

[47=—p (v,— V) =—pav]
Pabora Han rasom (4)

A = F (h,— h)} cos0®
A=pSh—h,-1
[4=pV,-V)=pav |

~A

eciu AV =0
A=4A"=0

A=pAV =" RAT
11

2) NleomeTpuLeckoe UCTOJNIKOBaHUEe

Pabora B repmonmHa-

MWKe YUCHeHHO paBHa

nnoLuaan hurype nop,
rpacvkom P(V)

v3oTepMa

M3oXOpA

S=0

obLmia cnyyai

(® TENNONEPEQAYA

Tennonepepa4a ‘

Konmuectso
TennoThl

0 [Ix]

TENNOMDOBOHOCTL f———

HENOCPEOCTEEHHLIN 0BMEH KMHETU-
YECKOI AHEPIUEN MEXTY Xa0TUHECKIA
ABVXYLLWMWCH 4aCTULIAMIK B3auMO-
LEACTBYIOLLMX TEA WNM 4aCTEN OHOTO

A TOTO e Tena

Buaei Teruionepenaymn )—

NepeHOC aHepruii no-

TOKaMU XIAKOCTU VA

rasa (Tennsie NoToku

WayT BBEpPX, XONozA-
Hble — BHW3)

U3MEHeHWe BHyTpeHHel sHeprun 6e3 cosepLueHus paboTl (nepe-
Jia4a aHepruum ot 6onee HarpeTbix Ten K MEHEE HarpeTbiM)

| 1 Mepa U3MEHEHA BHYTPEHHE 3Heprm Npy Tennonepefaqe

nepeHoc aHepruu
ANEKTPOMArHATHLIMK
BONHamu (BO3MOXEH

B BaKyyme)
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@ KONWYECTBO TEIUIOThI

Harpesanue YnensHan 3T0 KOMMHECTBO TeNNOoTh!, KO-
{oxunaxpenune) TEenNoemMKoCTb TOpOE NOTAOLLAETCA (MM Bhi-
O=Cm(t,-t) _— LenfaeTcR) OoHUM KuioTpam-
L - '—I K] MOM BELLECTBa NPy N3MeHe-
A8 OAHOATOMHOIO rasa: Hu Temnepatypsi Ha 1K
¢ =3k | ¢ 3R
2y 2u
(upu V = const)|(npu p = const)
Mapoobpasosatve YpenwHan aT0 KONUYECTBO TerIOTh,
(koHpeHcaunn) TennoTa KOTOpOe nornowaertcs
napoobpasoBaHns {sbipenseTcn) 1 kr BellecTsa
| OQ=r-m _ NPV €ro NPEBpaLLEHN B Nap
r[[hd/ur]

(v koHpEHcauum), npu
t=const

Mnaenexwe
(kpucrannusauma)

O=Am

YnenwHan Tennora
nnasneHna

A [br/xr]

3TO KOMMYECTBO TENMOTHI,
KOTOpOE MOrnglaeTcs
{Bbinensercs) 1 kr BeLiecTaa
npy erc naasneHun (umm
Kpuctanausauyuu), npu
t=const=t¢

(5 NEPBbiA 3AKOH TEPMOAVUHAMUKMU

3Hepra B NPUPOLE HE BOSHMKAEST 113 HUYEro M He UCHE3aeT.
KOMMHECTBO SHEPIVM HEU3MEHHO. OHA TOMBKO NEPEXOOMT 13

OBHOH OPMBI B AIDYTYIO

3aKoH coxp

3HEprum

aHeHUA

3aKOH COXPaHEeHWS ¥ NPEBPALLEHUR SHEPK, PACTIPOCTPAHEHHBIN HA TENNOBbIE NPOLEC-
Chbl, HOCUT Ha3BaHKe | 3aKoHA TEPMOOWNHEMWKK

. |AU=0+A

BHyTpeHHAR 3HEPIMA CUCTEMBI MOXET M3MEHATLCA 33 CYET Nepe-
Ja4M e KONUYECTBA TEMNOTh {Q) Y COBEPLLIEHHOIA HAA, CHCTEMOI
paboThl (A)

I |Q=AU + A’

Konu4ecTBo TennoThl, NEPEAaHHOE CUCTEME, PACXOOYETCA Ha
WM3MEHEHWE BHYTPEHHEN SHEPTM CUCTEMBI (AU) 1 COBEpLLEHNe
CHCTEMOI paboTol HaA, BHELUHUMK Tenamu (A’)

(6 ABMABATHbIA NPOLECC

9710 npouecc, npovcxeaawnii 6e3 TennoobmMeHa C BHELWHENR cpepoin ¢ = 0
(BricTpoTa Npouecca: TENNoCOMEH HE YCrneBaeT NPoU3oHTY)
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@

NPUMEHEHME | 3AKOHA TEPMOOAVUHAMMWKU
K PA3JINYHbLIM NPOLIECCAM (UMAEASIbHbIA rA3)

VBOTEDMVHECKDS

paciLmperve

72

AT =0; AU =0 (BnryT-
[1HHAS BHEPINR HE UBMEHS-
ares) A'> 0 (raa cosepwaer
pabory)Q > 0 (tenno no-
1aowaercs)

Fa3 cosepwaer pabory

3a CYeT nornoleHus
Tenna wu3 BHewHeil cpefbl (BHYT-
PEHH$A BHEPrs NPu 3TOM HE u3-
MeHaeTcs)

VBOTEDMHECKOS

Cxame

P%T;;onst
| 27 v

AT =0; AU =0 (eHyTpen-
1A IHEPrUs HE WBMEHAET-
Ay A< 0 (A>0) (nag ra-
aM coeepuiaiT paboTy)
<0 (renno eslpenseTcs)

Hag rasom co-
[7=—0+4] uep

_____ BEPLUAETCH pa-
6oTa, npw aTom ra3 BeAEnAeT
TEN/IO BO BHELLHIOID cpeay (BHYT-

13obaprHoe

HarpeesaHue

P p—const

29 v

AT >0; AU>0 (BHyT-
PEHHAR BHEPTrWA YBENW
wyeaetcn) A'> 0 (ras co-
uepwaer paboty)Q > 0
(TEnno NOrnowaeTcs)

PEHHAS 3HEPrvs He W3MEeHNEeTCH)
- — Ta3 fonyyaer
O-AU+ A TENnno vs BHELU-
Hel cpeapl. MonysenHan Takmm o6-
pasomM SHepris TPaTMTCA Ha YBEnV-

YeHne BHYTPEHHel 3Heprvv v Ha
COBEpLUEHIE ra3oM paboThl

wzobapHoe

OXNEKOESHIUE

P p—const

7% v
i

AT < 0; AU <0 (BHyT-
pEHHSSA 3HEPrus YMEeHk-
aigetcr) A'< 0 (A >0)
Hafl ra3oMm CcoBeplanT
pabory)Q < 0 (ebgenser -
Gy

Al — 0 + 4] Han rasom co-

BepuwaeTcs pa-
6012, npy 3TOM ra3 BLigEnsieT Ten-
N0 BO BHELLHIOIO Cpefy, a ero BHyT-
PEHHSN BHEPINs YMEHLILAGTCA

Y3OXOpHOe

HarpesaHue

P V=const

AT > 0; AU >0 (BryT-
PEBHHAA 3Heprus ysenu-
upsaerca) AV=0: A'=0
(A = 0){paBota He coeep-
waetce) O >0 (tenno no-

rMOLASTCR

m a3z ysenvMBaeT CBOID
=1 BHYTPEHHIOI 3HEpruio
34 CYeT TennoThbl, NOAYYeHHON K3
BHELLHeR Cpenbl

MBOXOPHOE

OXnaxJeHne

AT < 0; AU < 0 (BHyT-
PEHHRA 3HEPrv\ VMEHI:‘
wiaetca) AV=0; A'=0
(A =0) (pabota He coeep-
waetca)Q < 0 (tenno ew-
nenfeTcs)

AU = O laz Boloenser ren-

? ~ | NOTY BO BHEWHIOK

cpeqy; npy 3TOM €ro BHYTPEeHHAs
SHEPIVA YMEHLILAETCA

anuabaTHoe

paciumpeHve

7 V

AT< 0; AU < O (BHyTpeHnss
aHepruA ymexsLaeTca) A> 0
(ras copepwiaet paboty)Q =0
{HeT rennoodivena)

5 7 Fa3a cosepwaet

. i paboTy TonLKO 3a
CHET CBOeil BHYTPEHHEN 3Heprim
(BHYTPEHHAA BHEPrUs Npu 3TOM
YMEHbLUaeTca)

anvabatHoe

cxarme

P%Q= 0
i ¥

AT > 0; AU>0 (enyT-
pPEHHAR 3HEPIMA YBeNu-
yueaercr) A< 0 (A > 0)
{Hap ra3om coOBepLani
pabory)Q = (Her Tenno-
SHMEHS )

Hap, rasom coBepwaer-
ca pabora, npu atom
EHYTPEHHAN SHEepPrus rasa yeenu-
YNBAETCH
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BTOPO#M 3AKOH TEPMOAWHAMMKMU

Dopmynupoeka |HeBo3MOXEH KDYTOBON MPOLIECS, EOMHCTBEHHIM PESYNETATOM KO-
KensBuHa: TOPOrOHBNAETCA NPERPALLIEH/E TEMNOTHI, NOMY4YEHHON OT HArpeBa-
TENS, B SKBUBANEHTHYIO e paboty
Kpyroeoii npouecc — NPOLECC, NPY KOTOPOM CUCTEMa, NMPOoitan
4ePes PALCOCTORHMIA, BO3BPALLIAETCA BUCKOOHOE
Dopmynupoeka |HesoamoxeHKDYTOBOR NPOLIECC, EAMHCTBEHHLIM PESYNLTATOM KO-
Knaysuyca: TOPOro ABMAETCA Nepeaada TENNOTLI OT MEHEE HAIrPEToro Tenak
Boree HarpeTomy

@ TEMNOBbLIE ABUTATEJIM (T. A4.)

1) Tennoeoit asuraTens | YCTPOWCTBO, NPEBPALLIAIOLLEE BHYTPEHHIOKD 3HEPr1io
TONIMEa B MEXaHuyeckyio pabory.

2) MpuHuunuansHan cxema U npuHuMn padorel T. 1.

HaZpeeamendb

(Mpy CropaHiv TOMNVBA BHarpesaTene BhiAENaeTeH aHepvE,
KoTOpan nepenaeTcapabo-emy Teny (rasy) O, (sHeprvsTon-
NvBa NPEeBpaLLAETCA BO BHYTPEHHIOK SHepruio rasa (napa)).
["a3 pacLUMPSETCA U COBSPLLIAST MEXaHMYECKYIo paboTy (4”).
Yro6hl fBMraTeTb pabOTAN LKIMNECKH, Fad Heobxommumo
CXaTb [10 MCXORHOTO COCTOSHMA. [l yMEHBLUEHUS paboThl
Ha[0, FA30M MNPY CKETUM €70 OXNKOAIOT, UCTIONL3YS X0N0-
yinbHvK (NEPESAIOT TenAo O, XonoanILHAKY)

Mo 3akoHy coxpasHeHus
aveprm: | A=Q —

3) NpeanbHbili TEMMOBOIA gBAraTenb

aroT. [1., yxoroporo pafosee Teno —

WoeanbHbINA raz.
Linkn
T . 1-2 uzorepmurieckoe pacimperne(T )
Kapro A>0
2-3 apuabartHoe pacLivpenue

=

e 4-1 aamnabarHoe cxarve

{ 3-4 naorepmuyeckoe cxarve (T)

4) KoagpPpuumeHT nonesHoro geicrens (KIMQ)

r

3 -100%

H

’]’]:

‘n:

Ll T\

=1 >
N=-2—%.100% | — onavaeansHoro T. [,
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N3meHeHua arperaTHoro
COCTOSIHUSA BelllecTBa
(1) B3AMMHOE NPEBPALLEHWUE FA30B, XXWKOCTEM

U TBEPAbIX TEN gy g

2azoobpasnoe JHeudkoe meepdoe
cocmosiue cocmosniue| |cocmoanue

P ——

Kpucmanuzayus
G
® NMAPOOBPA3IOBAHMUE  OYuManus

1) Napoobpasoeanne NPOLIECC, NPV KOTOPOM BELLECTBO NEPEXOAUT U3 X-
KOrC COCTORHUS B rasoo6pasHoe (Npoxoaut ¢ norno-
LUEHNEM 3HEPrHW: 3HEprus PACcXOAYETCH Ha paspbiB
MEXMOJIEKYIFPHBLIX CBR3ei)

f r‘L MAPOOGPASOBAHME =]

Y
napoobpasosaHVe, Mpoucxo-

napocbpa3oBaHue,

npoucxopasiiee co psLee coBeero obbema xma-
csoboaHoi nosep- KOCTW NpU ONpeneneHHo
XHOCTH KIAZKOCTH Temneparype I’ (temnepa-
npu noboin Temne- TYpa KWneHWs)

parype

BuineTator Hambonee BuicTpbie Moneky- | MNpy KUNeHun TeMrepaTypa XUOKOCTU HE U3-
nibl, E_KOTOPbIX A0MKHa BbiTh A0CTa- | MEHSETCH (1) NOKa BCS XMAKOCThL HE BbiKW-
TOYHA [y15 NPEOAONEHWS NPUTSXKEHUA | NUT. I, 3aBUCUT OT:

Dpyrux monexys. Takvm o6pazom, 1em- | 1) poga xuakocTu

neparypa XuaKecTi nNpu ucnapexun | 2) atmocdepHoro AaBneHus (B d=r°,,, 1)
NOHVDKAETCA

3) HachILeHHbI nap || 310 nap, HaXOAALUMIACS B OVHAMUMECKOM PaBHOBECHN CO
W CBOE XUAKOCTLIO (YACHO MOMEKYN, BLINETEBLUMX U3
b S od” O XMOKOCTY 32 eQUHULY BPEMEHW, PaBHO YMCNY BO3Bpa-

=\ Y/ TUBLUMXCS MONIEKYT)

— KOHUEHTPALMS HACBILLEHHOTO Napa He 3aBUCKT ot ero obbema (npu 1° = const)
— paBnexHune HacbllLleHHOTC napa (P") 3aBUCUT TORLKC OT TEMNEPAaTYpPbl

AB — ecxarve HeHachi-

o P = nkT LeHHoro rasa: vi pT
BC— npu  v.P =const
P, T sacuer (npespawerune napa B
1 1 HaCbILLEHHbI)
r'iwn CD — cxaruve XuaKocTi
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(3 KPUTUYECKASI TEMNEPATYPA

Kputudeckan || 310 Temneparypa, npu KoTo-
TemMneparypa || poit uc4esaior pasnuims B
PU3MHECKMX CBOVICTBAX MEX-
7 [K] LAY XUOKOCTHIO W HACKHILEH-

HbIM NapoM

npu T,; p,,,., ABNSIETCH MAKCUMAIBHOM
Pz, — MUHUMATIBHOW

las, umetouin T< T HEeHACHILUEHHbIV P — M/IOTHOCTL
Mpu T>T: Hu Npu Kakux AaBREHWAX ras
HEenb3n obpaTMThL B XUAKOCTE

@ BAAXHOCTb

1) ABbconioTHas napuuyanesHoe gasneHue BOAAHOMo napa (npw gaH-
BNAXHOCTDb HOVi TeMneparype)

. MNOTHOCTEL BOOSHBIX NapoB B BO3AyXe NpW OaH-
- 3 3
F.INal; p, [k /M5 /T | join remneparype

2) OTHOCUTENBHAR OTHOLUEHUE NAPLUMASIBLHOrO 1aBNeHns BO-
BNAXHOCTb ASIHOTO nNapa (NNoTHOCTU) NPW AaHHOA TEM-
0[%] neparype K agNeHui0o HaCblLLEHHOTO BOARA-
Horo napa P_ (MnoTHOCTK p, ) Npw TOM Xe
o= 100% || =P 1009 | || TEMnepaType, BepaxeHHOe B NpoLeHTax
}:H‘ pﬂf
3) Touka pocsl || TeMneparypa, pY KOTOPO BOLAAHON Nap CTaHOBUTCH HAChl-

LLEeHHbIM (BBING,A3ET POCa)

t'!
4) NpuGopsi Ana onpepeneHus BNaxHoOCTH

1. TvrpomeTp Jlambpexta (adupHbiit) (819 onpeaeneHms TOHKW pOCh)

2. TvrpomeTp BONOCAHOI (AEMCTRME OCHORAHO HA CBOICTRE 06e3XM-
PEHHOr0 BO/IOCA MEHSTH CBOIO [/IMHY B 3aBUCUMOCTU OT BNAXHOCTU

BO3yxa)

3. MovpomeTp {neiCTBIME OCHOBAHO Ha CPABHEHM NOKA3aHWIA BNEXKHOTO
MCYXOro TEPMOMETPOB)
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( Teepablie Tena )

(Taepnue Tena

oy

AmopdHuie
— HET CTPOrOro NOPAAKa B PACTIONOXKEHAN 4a-
oy
— U3oTpoNUA (OAMHAKOBOCTE PU3Nye-
CKUX CBOWCTB N0 BCEM HanpaeneHUsm)
- HE UMEIOT NOCTOHHHOW TEMMepaTypbl
nnasnexus (1)

—( Kpucrannuqecme)
— YACTULIbIPACTIONOKEHB YTIOPSITOHEHHO

— aHU30TPONMA — HEOLWHAKOBOCTH
GU3MHEeCKMX CBOWCTB NG pPasHuiM Ha-
npaeneHusM (MNpoYHOCTH, TENAONPO-
BOOHOCTU U T. 0.)

— CTpOro onpepgeneHHas Temneparypa

nnasnequs (z_ = const)

— TEeKY4ecTb
— coxpaHeHne Gopmbl

OHO 1 TO e BELLIECTBO MOXET NPOSBMATH KaK aMOpd)HbIE,
TaK W KPUCTAIUMHECKME CBOMCTBA B Pasnv4HBEX YCIOBUAX

(2 BUAbI BEDOPMALMIA

1) pacrsokeHue (Cxarve) 3) kpyuenve
2) cagur {cpe3) 4) narub

(3 AE®OPMALMS PACTSDKEHUS

1)

Al — abcomoTHoe yamHerve [m]

Se—==0 Al Al
SEC————— €= — OmHocuTEnsHOe YIMHEHME
I | | L o
F
O = '——L — MexaHmeckoe HarnpsxeHve [H/m® = lNa]
2) Lyarpamma DACTSOKEHMIA 0A — 06nacTsabComTHOYTIPYTVX
pedopmaumii (BeinonHseTcs 3akoH Myxka)
K & ., — MPeAen ynpyrocr
BC — 06nacTb TeKy4eCTv MaTepuana
G _ — Npepen npoHHOCTY
3) | 3akon T'yka (ONbITHO) E — mogyns 1Onra

{xapakTepusyer

ans abconioTHo

X opmaumii- 0 ~€ =| o=F- ¢ p
PP RedapMEUN I Aegopmarm) [H/m? = MNa]
E-S MEXaHWHECKOE HaNPSDKEHNE MPAMO
Fup=k|s{> =—— | | NponopuMOHARLHO OTHOCUTEBHOMY
Iy YANMHEHMIO

ConpoTuBIAeMOCTe Marepuana
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(OnexTpogmHammka )
AnexTpoguHaMuKa I I paznen GUanku, U3y4aioLwmin 3NEeKTPMHECKIME 3apsaabl, UX
[OBWXEHVE W B3aMMOLENCTBIS

3nexTpuueckuii CkansipHan GpuUarieckasn BeMuvMHa, ONpeaensiowan MHTeHCKB-
HOCTb 3NIEKTROMArHUTHLIX B3aUMOASCTBIIA

3apan
q[Kn]
SapAnp AENATCS HA OnHOMMEHHBE 3apsifbl
ONOXMTENBHEIE W OTPULATENBHEIE || OTT/IKMBAIOTCA —-—@® &=
Hocwrenu 3apapa: T, ___e @_‘_.
fﬁl‘-)l:zx::::}lgoi"?_h;e::,zg?g: (:?C 3apsAbl NPUTAMVBAIOTCS @ =0

3neMeHTapHbIi MOmynb 3apsia aNeKTPoHa ||
3apsn WK NpoToHa z=1.6-10""Kn
g =¢ [Kn]
Bapsaa Tena (g) BCermA NPECTABAETCS YMCTIOM, KPATHBIM BE/- T, Ly
— (N —

“WiHe ANEMEHTAPHOMD 3apAaA (WCTIO MPOTOHOB: N ; WCNO aniekTpo-
HoB: N;)

1) TpeHvem
SnexTpusauus ||coobLieve Tenamsapana 2; I(ZecaHlﬂBM

[PV BNeXTOVBALM B TENE COA1AETCS 3) BrksHVeM

- u3bbITOK ANEKTPOHOB — TENo NPUOBPETaeT oTpurLATENLHLI 3apsa
- HENOCTaTOK 3NEKTPOHOB — Teno npuobpeTtaer nonoxuTenbHsI 3apad

3akou coxpaHenusn || Anrebpanyeckas cymma 3aps-
0B 3aMKHYTOM CUCTEMBI OCTa- || ¢, +¢,+... g =consl

3apapa B 5
AnexTpoaMHaMmKa
SnexTpocTatvka
s 3nekTpoMarH1THas
VMHOYKLWS
FloCTOAHHBIN

snempwecmm mx Mammuoe none )
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l. [3nel('l'p00TaTMKaD

AnexTpocTaTuka H paspen aNeKTPOAVHAMUKY, U3YYIOLLNIA HETIOABUXHbIE
3NEKTpUYeCKue 3apsanbl

(@) 3AKOH KYJIOHA

1) bHbIE BECh g
1785 . KynoH{dp.) ;A l_;fZ
LAY Haoneite: P
o-J
F~gq, F =K——=
s r’
qﬂ. q e =z F e ;1‘2‘ )
o= B BakyyMme
= (B BaKYY!
o + = Cunel B3aMMOAEICTBISA [BYX TOYEYHBIX 3aps-
_.i.e____@.—“._. AOB B BAKYYME NpsiMo NponopLuoHanbHbl
G - 4 Mpou3BeaeHIO MOAYNEA 3TUX 3apsaoB U 00-
= - - == paTHO NPONOPLIMOHANLHE! KBaOpaTy paccTon-
q . [72] HWs MexXay HUMK. HanpasneHbl No NpsamMoi,
COEAVHSIIDLLEIA LEHTPH 38PAN0s

ToueyHelii 3apap, — 3apsHKeHHan MaTepuanbHas TouKa

2 | k- KoadhduLMeHT YuCNEHHO paBeH cune B3aMMO- P T
NPONOPLMORaNLHOCTY || ABACTBUR ABYX TOYEYHbIX 3apA- Cj—b
posrno 1 Knnapacctostm I M | Jxn I
— aneKTpu4eck 2 2
€ ] 5 K=L=9-10°M—'§ €,=8,85-10712 o
NOCTORHHANA 4me, Ka ol
3}
I‘Yll l‘hl £ — ananexTpryeckas NPoHNULIAEMOCT: CREAb!
F=K—7F—= R 0KA3LIBAET, BO CKONBKO paa cuna
= Fywar) | msaumopelicTamn 3apsnos s BaKy-
(sCpane) Fy (cpeny | YMe GOTbiLIE CUTLI B3AMMOAENCT-
BUA ATUX XKE 3aPAN0B B CPeae
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(@ SNEKTPUHECKOE NOJE

MaTepualbHbIi Nepeaarivk B3anMosencTeus

1) SnexTpudeckoe none

— CO3AETCA 3apAami
— OEACTBYET Ha 3apsagbl

2)

3)

4)

SNEKTPVHECKVIX 3aPSA0B, KOTOPbIN CYLLECTBYET
BOKPYI HAaNEKTPU30BaHHLIX Te

HanpsxeHHOCTL BEKTOpHasA puU3n4eckas BENvumMHa, ABNSIOLLANA-
3NEKTPUYECKOro CSl CUIOBO XapaKTepuCTUKOMN 3NEKTPUHECKO-
nons ro nons. PagHa OTHOLLEHWIO CWNbl, C KOTOPOI None
E[H/K] [ERCTBYET Ha TOHEYHBIA NONOXUTENBHEIA 3apag,
K3TOMY 33pAagy
+q = s =
__-Fe—=="" @ E nanpaanera — F | |Q —3apaa,
0D "4 E or 3apana Q E=— co3aaoLMIA None
e_ E A ® E wanpasnena q g — 3apag,
A K 3apsay Q - Ha KOTODbIV
‘] - ETTF neicTayer rione
HanpsXeHHOCTL NOMNR TOYEYHOTD 3apqu.a
o
E=K
E=— 2 e
IQI d [ £
r .. K
F
Mone ybusaer

C paccTosiHem

MpuHUMN cynepno3avumuu nonen

E=E]+E2+EB...+Er1 =}

Ecrnv 8 JaHHO TOYKE NPOCTPaHCTsa
pasnuyHble 3apsKeHHLIE YacTuLbl
CO3[A0T ANEKTPWHECKME TNONSA, Ha-
NPSPKEHHOCTY KOTOPLIX E;; E2; Ej ...
En, TO PE3YNETUPYIOLLER HANPSKEH-
HOCTW NONS B 3TOW TOHKE PaBHa ux
FEOMETPUHECKOI Cymmve
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5) Fpadmuueckoe uaobpaxeHue SNEKTPUYECKUX nonei

JIuHuUM HaNpPsSHKEeHHOCTU
(cunoBbie NUHWYK)

NVHWK, KacaTenb-
HHIE K KOTOpPEIM B
noboit Touke co-
BNajaloT no Ha-
NpPaBneHunio ¢ BeK-
TOpamu Hanps-
XEHHOCTU B 3TUX
TOYKax

1) nuHUK HaymHalTCA
Ha (P 3apAnax u 3aKaH-
yueaiotea Ha ©

2) Hukorpa He nepece-
KaloTCsH

3) ycnoBHO: YMCNO nn-
HWIA, NPOHWU3LIBAIOLLNX
eAnHULY nnowanm,
YWCIIEHHO PaBHO MOLY-
no E

A W
N\ N \ ) i (.
6) OnHopopHOe 3neKTPOCTaTUYEecKoe none
SnexTprMecKoe none, Hanpsi- E
e XEHHOCTb KOTOPOrO OAMHAKO-
: BA BO BCEX TO4YKAX MPOCTPaH-
” CTBa, HA3bIBAETCH OAHOPOA-
- HbIM.
F
(E, = E;, = E_,=const)
7 PaGora cun aneKkTpocTarMieckoro rnons A=gEAd

+ o+ + 4+

(a=F-s-cosa) (F=¢E)

- A,=¢-E-Ad(cosa=1)
A, =0 (cosa=0)

AI—Z—B E AJ—Z * AZ—J = qEM
A, , = gElcosa = gEAd
A, == g-EAd (coso=-1)
0

BN

Anexrpyvyeckoe none
NoTeHUMankLHo:

a) pabora KynoHoB-
CKUX CUN NO NEpPEME-
LeHMIo 3apsAaa He 3a-
BUCUT OT ANWHBI M
¢opmMBl TRPAEKTOPHH
6) pabGota no 3amkHy-
TOMY KOHTYPY pasHa
HYRIO.
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8)

9) NpuHumun cynepnosuuyy ——>

Morexnuman ckanspHas GU3NYECKan BENVHMHA, SBNFAIOLLARACS
QUIX/KrT] SHEepreTU4ecKoil XapaKTepUCTUKOR aeKTpy-
YECKOro nons

o=—L TOMbKO
9 | oran.nomm

W, | S@MOIT | napeH MOTEHLMEANBHON 3HEPTYK €OUHUYHOFO
NONOXUTENBHOTO 3apA8a B OAHHOW TOYKE Mons

A=gEAd = gEd, —qEd, = Wm - sz W =qgFd| — noTeHuManbHan 3Heprus
- P 3apsaa 8 HAHHOIA TouKe nons
e d = 0 — Hynesoil ypoBeHs
(orpurLarensHas nnacTvHa)
MNorenuman S3NEeKTPoCTaTu4ecKoro Wp Q
nons TOYeYHOro 3apsaga P=—= - =K=
q ¢=Ed ¢ r

= d=
W,=qEd ] ¥=n

' A
0\ [ MOROXWTENEHBIA 3apag; ¢ > 0 IOTpMI.taT. 3apagio < 0 J

Ansi noTeHuyuana

10)

11)

12)

B

P=¢+ Q2+ @3 +...7Q,

MNoteHuman peaynbTupyloLero nons

anrebpanyeckoll CymMMe MnoTeHUWANos,
CO303aBaeMbiX B 3TOi TOYKe OTOENb-

[LAHHOW TOYKE MPOCTPaHCTEa paBeH

<=, HbiMK 3apanamu
A
Pa3HocTb noteHumanoe —» | ¢, — @, =U=— U|B]
q
A= Wpl = ng Pa3HoCTL NOTEHUMANOR ONPENenaeTcn pa-
= _ BGOTOI KyNIOHOBCKUX CWIN NO NEPEMELLIEHMIO
Wp =Qq A=gi9 =9} ANEKTPUMECKOTO 33PANA U3 TOYKM 1 B TOUKY

2 (He 3a8MCYT OT BLIBOPA HYNEBOTO YPOBHS)

Cesisb MexnY HanpmxXeHHOCThIO U pa3HOCThIO NOTeHUUanos

2T F A, =qE A

[@; U] = [Iw/Kn = B]

U=E ‘Ad
e AP Sy (E] = [B/n = I/Krom =
Nd =2 4 = wm/Knm = p/Kn ]
SKBMMNOTEHUMANbHbIE || NOBEPXHOCTH,
[ I | 1

noBepxHocTu (3AMM) || NOTEHLMANLI A 14 _
¢, =@, ECMA=0 => Boextodex || T F =UR—F
= cosa=0 = HAKOTOPBIX || =it 1
=> 307 L cunossm mamvsiv || OAMHAKOBbI
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nPOBOAHUKA U AUSJNIEKTPUKHU
B 9NEKTPOCTATUHECKOM NOJIE

Nposopxumk || BeLLECTso, 0bnanaiowiee CEOBOAHbIMM 3apAAAMM (SNEKTPOHaMM,
voHaMK). [NPOBOAMT ANEKTPUHECIKIN TOK

Fo E Ha cBoB0AHLIE 385kl BHYTPW MPOBOAHVKA OeiA-

"= " - = CTByeT cuna F =¢ - F,, B pesynsrare MoeT Kpar-

E’ ¢ :E —Ojt | oBpemenmbii Tok po Texnop, nokave ko =—E’

L = i i 1 (Eo — HanpsKeHHOCTb BHELLHEro nons; £ —

iy s - by i = HaMPAXEHHOCTL, CO3MaHHan nepepacnpene-
=k L, NeHVeM 3apaaos)

NPOBOAHMKA SIBNAETCH SKBUNOTEHLMABHON

B pesynkrare: HanpsikeHHOCTB MO BHYTPW MPOBOLHVKA PABHA HYTTIO, 8 MOBEPXHOCTL

lNpyMeHeHre; 3NeKTROCTATMYECKan 3alluuTa

HduanekTpuk

BELLECTEO, 00AaAaloLLIee TONbKO CBA3aHHBIMK 33Ps0aMK,
HE MPOBOAVT 3NEKTPUHECKWIA TOK

MNMonsipHbie AUINEKTPUKK

o CocToaT 13 MOSEeKyn, Y KOTo-
o®

pbiX LeHTpbl pacnpegeneHis
NosIOXuTE IBHBIX 1 OTPpULIATE -
@'j/ @/@ HbIX 32pa40B HE COBMataloT

©-@—punons (H,0)

F B anekTpyyeckOM nofe
_..-.@/@I::r E, BMnonu opueHTUpYIoTes
—— " B0/ CUNOBbIX SHUWIA
TpoMCXOaWT nonspy3aLs AUBNEKTVKA
Ces3aHHbIe 3apsgbl Ha no-

HenonspHeie AU3NEeKTPUKA
COoCTOAT 113 aTOMOB M MONe-

Ky7, Y KOTOPbIX LEHTPH pacnpe-

=\ AeNeHs NONOXITENEHEIX 11 OT-
dE)  puLaTeNbHBIX 39PAN0B COBMNa-
Jaior

PR

o2 (H;He)
B anekTpryeCcKoM norie
Monekyns! nedopMupy-
loTCR, B pesynbrare ob-
pasyloTcs: AMNonK, opu-
€HTUPOBaHHHE BAOAL CUNOBLIX NMHIAIA

MpovcxonuT nonapusalma AVSNeKTpUKa

e @ BEPXHOCTU [MANEKTPLKA P il T E K

56 00| & CosnaoT sHypu Hero none | T& e (E'T1 Eo)

P Ev ('), ocnabmiouee areur- > col = 9nekTpuyeckoe none
' - Hee 3/eKTpueckoe none --===l Fo BHyTpY NpoBOAHUKa
(F TV Eo) E ocnabnsetcs

nHaﬂeKTpH'iECKaﬂ npoHUaeMOCTb Bewecrea —"P MOKA3bIBAET BO CKONBKO
= Eooue — HATDTXEHHOCTS 511, 110N Pa3 yMEeHbLLAETCS Ha-
B 2 ARSI NPSXEHHOCTL MOAS
¥ Ecp Eq, — HaNPAXEHHOCTS 371, NO/K BHY TPV [A3NEKTPVKA
BHYTIM AVBNEKTPMKE
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@ KOHAEHCATOPbI

1) KoHpeHcarop || cucrema, COCTORLLAA V3 OBYX MPOBOIHKOR, PA3OENEHHbIX Cro-
eM AN3NIEKTPUKA, TONLLMHA KOTOPOro Masia no CpaBHEHWIO C
= I I = paamMepamm MPOBOJHVKCE, MPOBOAHUKIN 3aPSXXAIOT PABHLIMU
+| 1= Mo MOZYTIO, HO PasHLIMIA M0 3HaKY 3apaaamu (oBLuee anexTpu-
YEeCKoe Nore)
Mnockwii fiBe nnockve Metam- || o, PSS po_4
- 20 - <
KOHAEHCATOp Heckue NNECTYHBI, pac S i \\ €-€y8
MOAOXEHHLIE Napan- % S\ .
nenbHO MpasaeneqHbie || o s 7 N
CIIOEM OMarneKTpnka nagemun4-f L) T
2) [ 3nextpoemkocts || dmaneckan semruia, xapaKTepay- c=4
iy 1011125 CIOCOBHOCTL NPOBOAHMKA Ha- .-
C[Kw/B = @] kannvears 3apaa. Onpegenserca or- i
3aBuCHT OT: HOLLEHKEM 3apsaaa Ha NPOBOJHVKE q
- pasMepoB, {Ha OAHON 13 IACTVH KOHOEHCATOPA) C= =
¥ 3’5333%3? Ty 4| keronorenwany (pasHocnoren- ML
— cocencTea Lwanos Mexay ero obknankamm) P
C ApYriAMA C= U
NPOBOOHUKAMW
ANeKTPoEeMKOCTh Z
=92__ 4 a
NNOCKoro §é§e C=U"F.2 c_E&"S
Z =
KOHAeHcaTopa éSd ke d
e EEO S
3) JHeprus 3apsHKeHHoro KoHaeHcaropa W [[1k]
1 S 72 2
2 2 2 2 2C
4) CoegviHeHue KOHAEHCATOpOoB
napajuiencsHoe UJ=U2:U nocnenosarenbHoe U:U,+U2
G g=4q,%4q, _{ }_ 4,46,=49
I | P,
C=€.+ . — =
ﬂcz} | Cl CZ C Cr C2
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Il @ocmquubliﬁ 3NEeKTPUYECKUi TOKD

@ SNEKTPUMECKUA YNOPALOYEHHOE (HaMPaBeHHOE) DBNXEHUE
TOK 3aPFHKEHHBIX HACTWL, MO ASNCTBUEM SNEKT-
— Y= PV4ECKOTO NONS (32 HanpaBneHne Toka Npu-
T AAA) | L HATO HanNPaBeHVE ARVKEHVS NONOXUTENb-
g = =, HOr0 3apAaa)

Ycnoeus cylecTBOBaHus 3. TOKa

1) Havume cBoBOAHBIX 3aPAXEHHBIX HaCTIL,

2) Hanv4ue 3NeKTPUHECKOFo Nonsa (Pa3HOCTL NOTEHUMAN0B
Ha KOHLIaX NPOBOLHMKA)

HelicTBre aneKTpuMYeckoro ToKa

1) TennoBoe (NPOBOAHWK, MO KOTOPOMY MIET TOK, HArPEBaETCs)

2) XMHWYecKoe (3NeKTPUUYECKUA TOK MOXET USMEHSATh
XMMWYECKMiA cocTaB NMPOBOAHWKA)

3) maruuMTHOE (OKa3blRAET CUNOBOE BO3NENCTBME HA Apyrue
MPOBOAHWVKM C TOKOM U HAMarHMHEHHHIE Tena)

@ cuna ToKA

1) Cuna || ckanapHas GpU3VHECcKas BeNMHMHE, YUCTEHHO

TOKa paBHan 3apagy, KOTOPLIA NEPEeHOCTCH 3ae0u- y 4
1[A] HILLY BpEeMEHV Hepes rornepeyHoe CeseHme npo- t
BOJHWKA

2) Cuna Toka npoBOOHUKa
1 2 g, — 338PAA, NEPEHOCHMBINA OAHOA YacTuLien
= N— wyucnoyactm; N=n-V=n-8-1

n — KOHLeHTPAaLIUs 4acTiL|

-4 a=N.
qla'; /3 I= P =i gl S — miowaas ceveHvs

-‘-—!——-—
V - cxopocTs asiwkenys yacThl { yopsaoHeHHoro)
N - n-S-1I-
P P qﬂ:nSVqﬂ I=gy-n-V-S
r. T t A
o s 2 y
V= V =7-107" M/c (MeOHbIA NPOBOAHMK)

quS
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(3 3AKOH OMA A1l YHACTKA LIEMNA

Sy Ha onbre (I.0OM(Hem.)):
_I | cvnaToka NpsMo MporiopLvO- 7 ! R<R:
2 | HanbHa HanpsOKeHVIo Ha [aH-
(:) HOM Y4acTKe Lienu 1 obparHo R
MNPOTOPLIOHATEHA CONPOTHB-
NEHVIQ STOQ YHACTKa
U= o=
| 2 U 0 U
f=—
R
@ COMNPOTUBNEHUE
Conpotuenenue || Ouanyeckas Benivha,
XapakrepuayioLas cro- R R
R[OmM] cobHOCTh MpOBOAHMKA
MPOTUBOAEICTBOBATL YC-
TAHOB/IEHVIO SMEXTPUMEC- 5 U
KOO TOKA B HEM
ynenbﬂoe YIMCNEHHO paBHO CONpPOTUBIE- _ 7
COnpoTUEEHHel | VIO TPOBONHVIKA ANHOM 1 M N

W nnowabsio nonepedHoro ce- I

PlOvM] =Onem yeHus 1 M2 ;
b
3aBMCUMOCTb COMPOTUBEHUN CBepxnpoBOgUMOCTL
OT Temrneparyphbl
R=Ry(1+0.-1°)|f npu e = 0°cC: l l/Hg
p=po(l+o- ,] ﬁ ﬁj T

O — TEMIEPATYPHLIA KO3 PULIMEHT
CONpOTHUBAEHNUS

A9 METB/IOB: o > ()

A9 3NekTponuToB: o < ()

1 ol g
YUCTLIE METB/NbI! o:=-ﬁ§=273 Lt

C ysem-erineM Temneparyphl yBen1yueaeTcs
amnauTyaa konebaxuin yanos KpucTananyec-
KOl pewierky METaNN0B, TakiM 00pa3oM co-
NPOTUENEHUE BOBPACTaET

CBOI*CTBO, 3aKNKIHAIOLLIEECH B TOM,
4YTO COMPOTUBNEHKE CKAYKOM Napa~
€T 00 HYI5 MPW OXNaKAEHUMN BELLIE-
CTBa HUXE KPUTUYECKON TEM-
neparypbl (BELLECTBO CTAHOBKTCA
abCcoNIOTHLIM NPOBOAHUKOM)
MeTamnsl: 7, ~1+20K
kepamuka: T, ~100K
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(5 COEAVHEHWE NPOBOAHWUKOB

nocnenoBarTenbHoOe napannenbHoe
(A f — A——
| =] ol e XX P
W) ) (A
) ) R
O ®
1) (no 3akoHy coxparetvs @) | 1)U, = U,= U | (r. k. Ame3asucur oT
dopmbl myTH}
2) (r.x.paborad =4, +4, /q) 2)I=1L+L (k. g=q,+q, /1)
=t § LV, Y
YU =IR) g= IR + IR, I = U/R R R,
VT e [R=R <R, —ym | [Lod
U=IR R R R
4) Ona N opuHakoBbiX NPOBOOHWKOB: 4) Nna N 0HEKOBbIX NMPOBOAHUKOB;
R
R=NR, Ra=ol
N
obaEoH0e — 3TO CONPOTVBIEHKE, | yyuT — 3TO COMpOTUBIIEHME,
KOTOPOE BK/NIOYAETCH B KOTOpPOE NoAKMo4aeTcs
COMPOTUBNEHME | ienb nocnenosarentho | I I/ \Ra  napannensHo K amnep-
R, BONbTMETPY ANS pac- METPY An8 pacLumpeHus
Lmpenyst npepenos ero | NPenencs ero usMepeHs
rt=-Up uaMepeHus (Mensiercs | 1 R (MeHsieTCH Wkana pene-
U LKana gefeHus npu- HUA Npubopa)
Gopa) I .
n=—I\J1=1+1 =1 =I-1 =nl —I
n:ﬁ_ U=U’,+Us IA A w o T, 1,
Uy | y=v-u=nu,u, kR
U =U IR =IR R, =44
UV Ug - RV Ug w A ui A ’m
L=1,-» —Y=—t R =—1°F&
" Ry R, Uy, 5=
(® PABOTA, MOLWHOCTb, KONMYECTBO TEMNOTbI
2
a) Paboratoka 4 A qu e oy
R el s
0 KommuectBo ()  ecomnposopvik = I 'R t |— 3akon Oxoyna-flexua
TEennorthb! [/[b'(] HenogewxeH: A = Q Foxay
2
8) MouHOCTB P p:.‘i P=U—I=12R=y—
[Br] t R
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@ 3AKOH OMA /191 NOJIHOM LIENK

1)

2)

3)

4)

CroponHue cunbi

Y1066 TOK B LIenU Gbin NOCTOAHHBIM,
HEOBXOAMMO Pa3aensTh NONOXUTE Ib-
HbIE N OTPULIATENLHBIE 3apsaL B NCTOH-
HUKE TOKa

370 HEBO3MOXHO CAENaTh KYyNOHOB-
CKVIMI CUNAMK, TO BCTb HYHbI CTOPOM-
HWe cUnbI ( For ) — 3TO CWIbl HE3NEKT-
PU4ECKOro NPoMCXOXaeHnsa (HeKyno-
HOBCKIME), PasbeuHSIoLLMe MONoxXn-
TENbHLIE U OTPULIATENLHDIE 3apROk!

-+ = -
1R

(MCTO‘-IIlVIK ToKa)

YctpoiicTsa, co30310LIME Pa3HOCTL
NOTEHLMANOB 38 CHET CTOPOHHIAX CUN.

SnexTpoABKXYLLAA CUNa ¢dur3nyeckan BENNHMHA,
(34C) paBHan paboTe CTOPOHHMX
€[B] CUN Mo NepeMeLLgHAI0 ey A,

HUHHOMO NONOXUTENIBHOIO E=—"

(3HepreTMHECKan XapakTepucTKa 3ADAA BAOMB KOHTYPA

UCTOMHIKE TOKA)
| &7 £ — 3IC ucTo4HvKa ToKA - 3 o OMELLS:
+| = r — BHYTPEHHee conpo- — =
I J TMBJIGHUE MCTOMHMKA TOKA R+r TONHON LIENN
R — BHewHee conpoTve-
— R " newe (uerm) Cwnia ToKa B LIENW NPAMO Mpo-
— nopLworansia 3LC NCToMHYKa
TOKA 1 0BPATHO NPONOPLIXOHANE-
A= O+ Oy (38K0H COXP. 3HEPrM) | | HA NOSHOMY COMPOTMBNERMIO
A _=FRt+ Frt Lierm
i ]IE'—"I-R+I-r| )
Amw= g & =1IrE £= me + Umm
TOK KOPOTKOrO Vs :S(lf : ]
3aMbIKaHWA € U u. . -—elr q B R+r
= €
L el T s I R
r
CoeaunHeHre NCTOYHMKOR TOKa €
r
8) NOCNeNoBATENbHOE 6) napanienbHoe L
r L
|—| |—| I— s £
R +N-r R+rlIN r
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BNEKTPUYECKUMA TOK B PA3JIMYHBIX CPEAAX

. (TokBMETATNAX )

BELLECTBA C KPUCTANIMHECKON pelueTkoil. BaneHTHble anek-
TPOHB! MOrYT CBOBOHO NEPEMELLATLECA B NPesenax Tena —
ce060aHbIE 3apAaL!
MpoEOAMMOCTE  — 3NEKTPOHHANA (TOK — ABUXEHNE 3NEKTPOHOB)
Conpomvanenue MeTasuios 06ycnorneHo aedekramy PeLLETKA U TETVIOBLIMM Kone-
6aHmamn noHos. BospacTtaeT npy HarpeeaHum MeTannos (R ~ 1°)
Tok B MeTaiiax nogyuHserTca 3akoHy Oma
OcobenHocTu: 1. Mpyr NPOXOXAEHM SMIEKTPMHECKOrO TOKa Yepes

MeTannb HeT NepeHoca BewecTsa

2. flBneHue CBepPXNPOBOAMMOCTW (NPWU HN3KKX T)

MeTtannoi

n. (ToxkBamEarOMTAX )

SneKTPONUTbI I BELLIECTBA, PACTBOPbI KOTOPbLIX NPOBOAAT 3NEKTPUHECKNIA
TOK (PaCTBOPLI CONeit, KNCNOT, LLUENOYEei)

MpoBOAUMOCTE — MOHHaRA (TOK — [IBIDKEHWE MOHOB)

ConpoTugnesve || NP1 NOBLILLEHUN TEMMEPATYPbI BO3Pa- | p
CTaeT CTeNeHb AMCCOLMaLMI, TO ECTb
BO3pAcTaer KOHUEHTpaunsi MOHOB.
Cwna ToKa B anexkTponuTe Bo3pacTaer; £
CONPOTUBNERUE YMEHBLLIAETCH

SnexTpormTyseckas || PACTIAL MONEKYN BEWeECTBA o ra=
Ha MOHbI NOA nencTBMEM Q
AMCCOUMALUA DaCTBOpUTENS e

NaCl - Na™ + 1™

Snextponus || BbAENEHWE BELLECTBA HA 3NeK-
TPOOAX npu NPOXoXAeHUN Yepes
ANEKTPONUT TOKA

3akoH anexkTponusa (3akon ®apapen)

.
Macca BeilecTsa (m), Buinenuslierocs va || m=kq [l BI-t 1 H) I-t
SNEKTPOLE 3a Bpems (f) MponopUVoHasbHa 3a- s
pAgy (g), NPoLeaLLeMy YEpPES DNEKTPONIT m=klt F k
Ip - F =96 500 Kn/mors
k=—2 — anektpoxumMuyeckus n — BaSeHTHOCTL RO DEpERs
n IKBUBANEHT Belyecrsa
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. { TOKBBAKYYME 1

it

Bakyym|| cwibHO pazpexxeHHsii ra3, B KOTOpom [AnvHa ceoboaHoro npobera
YacTuL (paccTosHWe, NPOMIEHHOE MEXAY CTOMKHOBEHUsIMI) BONb-
Le pasmepos cocypa (P << P, P~ 10" mmpm.cm.)

MpoE0AMMOCTE — 3/1EKTPOHHASA (TOK — ABWXEHWE 3NEKTPOHOB)
ConpoTueneHnne — npakTu4ecKkn OTCYTCTBYET (R — 0)

TepmoanekTpoHHas || seneHve Boinera cBOGO.- YENL
amuccun HbiX 3NIEKTPOHOB C NOBEpX- N Y
HOCTV HArpETHIX TEN (OO0,

YCNOBYE BLUIETABNEKTPOHA: Exz) 2 Apsinosa Q

2
mV . .
E.& =—2—— (saBucur ot £); A, — 38BUCUT OT CBOICTE BELWIECTBA

Obnapaer 0LHOCTOROHHEN
MPOBOgMMOCTEIO
: 7 i
o . \
. 'f L s b d
1 1 1
HEmMy HOKAIUEAHUR J r
(Hazpes xamoda) I — TOK HAChILIEHWA
TMpumeHeHWe: BLIMPAMIEHUE
NEepEMEHHONO TOKa
Tpvon U, — sanvpaiowee Tpvop NpUMeHsIeTcs
HEERINEBANE | KaK ycwintesnb Kone-
Kamod -
- - HaHuii 1 kak BbiNps-
+ MUTENDb
cemKa U‘J'ﬂ“ ] Uce'nm
+ _-) e
- 8 Ucem + Ufem
JnexTpoHHONY4EeBan TPYGKa npu NonagaHnumn Ha
(ocuwnnorpad, tenesnzop, IBM, pazap) NMOMNHECLIEHTHBITA
1. HUTL Hakana CNoiA Bul3LIBAET €10
. A 2. karop, / CeeeHue
'-: 3. MOQYNSTOP SNEKTPOHHOro Ny4Ka
A 4. cucTema aHoOoB
5. TOPWU30HTaNEHO OTKNOHRIOLME TNacTuHbl
1234 5 6 7 6. BepTMKaNbHO OTK/IOHAIOLWME NAACTUHEI
7. NOMWHECLEHTHEIA CROW
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. (( TOK BMOMYIPOBOAHMKAX )

MonynpoBoAHWKK || BELECTBA C KOBANEHTHLIMU CBA3AMM, Y KOTOPLIX 3NIEKTRUHECKOE
COMPOTURNEHWE (YUGNO CBOBOOHBIX 3aPALOB) CYLLECTBEHHO 33BW-
CWT OT TeMINEPATYDhI 1 OCBELLIEHWR,

MposoAMOCTE — 3NEKTPOHHO-ALIPOYHAR (TOK —ABVDKEHIE ANEKTPOHOB U ALINOK)

ConpotuaneHue 6) N1 OCBeLLIEHAY

a) Npw NoBLILLEHNY ° R BO3pacTaeT KOHLIEH-

BO3PACTAET KOHLEHT-
pauna ceoBOAHBIX
3apsnoB — COMNpPOTUB-
nexnuve nagaert
[Tepmope3vcTophi]

CoGcreeHHan NpoOBOAUMOCTD ‘

it i

e

Tpaums CeoboaHbIX
3apapos —» CONpo-
TUBNERNE najaer
[hoTopeancTopsi]

R
\ o v:eem :

3TO NPOBOAMMOCTE YUCTLIX MOYNPOBOAHWKOR
6e3 npuvieci (I(peM-MM repmMaHuing

T=0K

e
e

| —n
—e

!
¢@§9*

Memo. rAe 9NEKTPOH PasopBa KOBAIEHTHYIO CBA3b, WMEET MONOXMTENbHLI 3apap, (+)
1 HA3LIBAETCA [AbIpka (3HepretMyecki BeifGaHOe MEeCTo A cOCenHux anekTpoHos). Mepe-
ABDKEHUe BHYTPW NONYMPOBOAHMKA OLIPOK 1 CBOOOAHLIX ANEKTPOHOB — 2MeXTpryec-
KM TOK

MpumecHan NPOBOAUMOCTL

a) AOHOPHAA NPUMECH

BaneHTHOCTL NpuMe-
cv Bonbtle, Yem Yy oc-
HOBHOrO BeLLecTea:
KpemHui (Si) — 4-Ba-
NEeHTHBIN

wmbllbsk (As) — 5-Ba-
NEHTHLIN

OOWH SNEKTPOH B CBA3W JNVLLHUA

.| npv noBw-
>0k WEeHUU TeM-
neparypbl 4acTb BaneHT-
HblX 3NEKTPOHOB PEET KO-
= BaneHTHLle CBSA3M (CBO-
6Gooxbie 3apsob)

Bce Banenmuel
aneKTpoHbl ocyiue-|
CTBNRAIOT KOBaNeHT-
Hble CBA3W (caoﬁon—l

6

npum

BaNIEHTHOCTEL ApUME-
U MEHBLLE, YEM Y OC-
HOBHOTO BELIECTBa:
KpemHwii (Si) — 4-ea-
NEHTHbI

usauin (ln) — 3-ea-
NEHTHBIA

HEXBATKa OQIHOTO 3NEeKTpoHa ans obpa3zo-
BAaHVA KOBANEHTHOW CBA3W — ObIpKa

— OCHOBHble HOCMTENW 3apraa: EKTROHbL
— HEOCHOBHbIe HOCUTENW 3apAda: AbpKU
NoNYNPOBOAHWKY n—THa

(anexTpoHHA® NPOBOAMMOCTL)

— OCHOBHble HOCWTENWn 3apapa: Obpku

— HEOCHOBHbIE HOCVITENIW 38pAaa: SeKTPOHb
NoNynpoBOAHWKKM p—THNa (AbIPOYHAR
NPOBOAMMOCTD )

p—n-nepexo OHOCTOPOHHAR n—p—n
—_ % 2 LT NPOBOAVMOCTL (p—n-p)
M c B (o) nepexos

2 \j\f i 4, (TpaxavcTop)
o younexme
obparhbiit nepexoq (1 Q) npamodi nepexoa( 1 T) aneKTp.
{HeocHOBHBIE HOCUTENU ¢) {ocHOBHEIE HOCUTEM g) CUrHaNos
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V. ( TOKBTA3AX )

a3 || 310 01H0 13 COCTORHMI BELLIECTER, B KOTOPOM Er0 YACTULIB! ABUXYTCS CBOBOAHO,
PaBHOMEDHO 3ar0/NHAS BCE BOCTYNHOE A5 HUX NPOCTPEHCTEO
MpOBOAMMOCTE — KHOHHO-3NEKTPOHHAS (TOK —ABYDKEHIE UOHOB W SNEKTPOHOB)

ConpoTHBNEHME: Taab B HOPMANbHLIX YCNOBUAX RBASIOTCS OAMANEKTPUKAMMN
(R —>o0). HOCUTENWM 3NEKTPUYECKOrO TOKA BO3HMKAIOT

TONBLKO B pegynsrare MoHu3atm
Honnzaums pacnan HelTpanbHoro aro-| PEKOMBMHaLMS [l coenunenne
z |[M2Ha nonoxuTenbHeii MoK e @@ aNeKTPOHA C
%%M) 11 ANEKTPOH MO, AENCTBEM WNOHOM B HEMT-
VOHI3aTOpPE (ynkTpaduone- ®/ panbHbiit aToM

,m‘*é’ffé‘ém\(@ TOB0E, PEHTTEHOBCKOE W Pa-| Eem neifCTBUE MOHMBATORA MPEKPALLIA-
(uow) | |AMOBKTUBHOE M3NY4EHWS;| ETCH, a3 CHOBA CTaHOBUTCS JMANeKTpit-
Harpee) M

23086l PasPRi — npoXoXaEHWE ANEKTPUNECKORO TOKa YePe3 ra3

HecamocTosTensHeli rasoBbiil PasPSA — 310 paspAg, CYLIECTRYIOLLWIA TO/NLKO o4,
DeACTBUEM BHELLHX MOHN3ATOpOB
a3 B Tpybke MOHW3UPOBaH, Ha I
ANEKTPOAL NOACTCH HANPSXE- Li}- =
HWe (U) 1 B TPYOKe BO3HUKAET 7 g
\p-,/ anektpuyeckuid Tok (I). MNpu AU* U
4 EI yBeamuenun U Bo3pactaet cuna 0 )
c © Toka (I).
Korpa ece 3apsxeHHbe HacTuL b, 0Bpasyiomecs 3a CekyHay, JOCTUTAIOT 38 3T0 BPEMA 3NEKTPo-
ROB (MPKY HEKOTOPOM HaMpPsikeHUW (1*), TOK AOCTUraeT HAChILLEHWRA (fH). Ecnun peicTane HoHW-
3aropa npekpailaeTcs, To Npekpawaercs v pa3pag (7= 0).
CamocTonTenbHbil ra3oBbiA PaspAn — paspsa B rase, COXPaHSIOLLWIACS NOCne
NpeKpaLLeHs [EACTBIAA BHELLIHEO MOHU3ATOPA e @/
I NPy HEKOTOPOM 3HAYEHWMN HANPFOKEHWUA :
(U, s60n) CMNA TOKA CHOBA BOBpACTAET. G_ﬁ‘

! U/ WoHuzatop yxe He HyxXeH ANs Nnoanep-
e Xauvs paspsoa. Npovexoput MOHK3ELMA my®
BNEKTPOHHbIM YAAPOM —_— A

Tunbl CAaMOCTORTENbLHOTO pa3pana

a) TNEIOWNA — BOZHUKAET NPW HU3KNX
[ABNEHNAX (B ra30CBETHRIX TPYOKAX 1 ra3o-
BbIX nasepax)

6) WCKPOBOW — npn P=P_ w Npu
Oonswmx E 3nekTp. nons (MOnHWA,
npoboii puanekTpuka)

B) LYroBOI — Bo3nmkaeT mexay 6nnuako
COBWHYTHIMIW 3NIEKTPOAAMMI (CBapKa; OVTo-
BbiE Namibi)

r) KOPOHHBIA — BO3HWKAET MPU BbICO-
KOM 0aBNEHNK B PE3KO HEOAHOPOOHOM
none ¢ 6onbluOl KPUBN3HOW NOBEPXHO-
cT (ocTpKe) (OrHK CBATOFO 3nkma)
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III.( MaruurtHoe nonej)

@ 1) MarnurHoe “ CWIOBOE NOJE B NPOCTPAHCTBE, OKPYXAlOLEM 3iek-
none TPUYECKME TOKM U NOCTOSIHHBIE MarHuTh!

' C030aeTca OBVXYLUMMMCR 3apaaamu; ,EEI;ICTEVE.‘T Ha ABuXylLMeCn 3apansl —,

2) [ Marnuthie B3aUMOLEeUCTBURA OnwiT 3pcTepa

+ Baaumopeiicreusimexay |  + I -
———

NPOBOOHMKAMA C INEKTPW- S
YECKM TOKOM Ha3bIBaIOT h’?i?_, ( .ﬂani e ME; ,
MAHUTHBIMUA, -5

= 4 &
If 1+ 1 \I pi
i
! ;!!'4 &7
i Eﬁ‘M”: Cunbl, © KOTOPBIMW | pariyryan crpenka opuermi-
I

NPOBOOHWUKN OEACTBYIOT | DYETOR OKOSO OOBOIHINKE

IOpyr Ha gpyra, — Mar- | BOKpyr NpoBOgHuKa C TO-
T HUTHEIMM CMNAMA KOM CYLLUECTBYET MarHu1T-
Hoerone

3) BexTtop MarHUTHOW MHAYKLMM || BeKTOpHas ¢uanyeckas BenuymHa,
ABNSIOLLAACA CHMNOBOM Xapakrte-

+rr— B [Tn] .
PUCTUKOM MArHUTHOMO MoOnA
i N I S ) S g ] Pamka € TOKOM (KOHTYD) ODUEHTUDYETCS B MarHUT-
( T HOM riofie onpeaenerHbIM 06pasom. Bpatyaoiymii
nvoneHT: M

OnLITHO YCTaHOBNEHO (He 3aBuCHT OT POPMbI PAMKM)

1 — cuna Toka, S — nnowank paMKu

M _ - p| — xavaxrepuorma | p_ M

I-S MarHUTHOIO Nnoss I-8

[T1=umAr? = nwdn]

HanpaBnexnue BEKTOpPa MarHUTHOM MHAOYKLMK
Hanpaenenue BekTopa B cosnapaer:

_S:_;L B a) ¢ HanpaBneHreM cesepHoro (N) koHUa marHuT-
N —-<AL,L>‘-f =5 HOIA CTPENKK, OPUEHTMPOBAHHOIN B MarHWTHOM rone
y_ YA 5 6) ¢ HanpaeneHnem Hopmamm () K paMKe C TOKOM
I {BTTn) B COOTBETCTBMK C NpaBunomMm GypaBum-
Ka (NpaBbill BUHT)
4 MpuHyuun BekTop MarHUTHOM MHAYKLMW B AHHON TOHKE
cynepnosvumum nons pageH reoOMeTpPUYECKOIA CyMME BCEX BEK-

TOPOB MarHUTHOW MHAYKLUMN MarHUTHBIX NO-

B=Bi+B2+Bs+..+Bn| pol veiouwxcs B 3TOM TOUKE
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® PAGUYECKOE U30OBEPAXXEHUE MATHUTHBIX MOJIENA

JIVHMM MarHUTHOM MHAYKUMM || 310 NMHWK, KaCATENbHLIE K KOTOPBIM
B 100014 T04KE HArNpaB/ieHbl Tak Xe, Kak 1

i B B BEKTOP B B3TOM TO4Ke
/-F——-{ 2 1) NMHUKM 3aMKHYTBH camu Ha cebs
B B B (BVXpEBOE None)

B 2) He nepecekaloTcs
3) YCNOBHO: YUCNO NMHUA, NPOHU3BI-

BAIOLLWX EQUHULLY NNOLWAAN, YUCNEH-
HO paBHO MOAyMo Bektopa B

TPOMATHUT)

&y

Mpamoii BuTtok = Katywka ¢

NpOBOAHMK __ C TOKOM | ~. TOKOM (3nek-
C TOKOM \
« Z : W
% N

I‘\ VT h‘
+

None BHYTPU
. KaTywky oa-
’ HOpOAHoe

I

Cli=H#E 0
S

N
|:“—

(3) MArHUTHbI NOTOK

MarHuTHBbIA ckanapnan ¢puanydeckas BenuynHa, onpeaensioLas

noToK YUCNO IMHUIA MarHUTHON MHOYKLUMW, MPUXOOALUMXCH

®[B6] HOPMaNLHO (NepneHaVKynApHO) Ha AaHHYIO oWk
NpOCTPaHCTBa

—Crﬁ—r_ __ﬁ—-—_ ﬂ%%‘i_ D=8 -5-cosC
B | =<Z=8 B

i M » —
= B — Moayns Bektopa B

5 — nnowans pamku

P D=0 O<®<®d,, |— yronmexay sekiopom
M HOPMANLIO K pamke

@ SHEPIETUHECKASY XAPAKTEPUCTUKA NMony

PaboTa no 3amMKHYTOMY KOHTYPY HE paBHa Hymio. 3Ha4WT, MarHUTHOE noe
HE NOTEHLMANBHO
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(® MAMHUTHBIE CHSIbI

1)

2)

Cwna Amnepa [cmna, LefCTBYIOLLAN HA MPOROAHVIK C ANeKTPUYECKNM
Fa[H] TOKOM B MarH1MTHOM nosne
7
@I_—:—- | - T Iqﬁa‘:’,—- I Fy=B-I-lsina | a=¥B
. s I 1 R VB I A : B I
I | I | I B — MoAynL BeKTopa Mar-
— = = HUTHORN MHBYKLMU
Fa=0 | F atmax) |0<Fa<Faman| 1 - cuna Toka B nposogHike
(o= 0°; 180°) (0 =90°) I — nwea NpoBoaHVKa
Hanpagnexve F 4 JlapoHb neeoi pyku pacnona-
M raeTcs Tax, yT0bbI:
JE;B*I'#—ng — BeKkTOp B — BXOIMT B NafoHb
e — Wanpaenexme | — Mo Hampas-
R | NEHVIO YETHIPEX NaNbLIER
FalBl1l Torna Hanpasnexue 60/1blLOTO

nansuUa — HanpaeneHue F A(max)

Cuna JlopeHua || cina, DeiCTBYIOLIAA Ha JBUXYLUMIACS NEeKTPUHECKII
n

T [ , .
B LAY, F,=B-gy-V sino a=bp

Fp=8B-I-1-sine

ol

B — Moayne BexTopa mar-

i I=gy-nV-S§ HUTHOWM MHAYKLMK
:ﬁa _ g, — 38pAN HacTULb
V N=n-V=n-8-1 7 V— ckopocTb YacTuipl

npmoa=0180 = Fa=0 npuoa=90" = Famay

JlapoHb nesoii pyxu pacnonara-

Hanpagnerie £ x &TCH TaK, 4Tobbi:
— BexTOp B — BXOOWT B NajoHs
ﬂQ@MﬂO — Hanpaenexwe V — No Hanpae-
NEBOIA DYKK NEHVIO YeThIPEX NanbLEB
Torga éianpanneHme F ni(max)
T ana @ sapsga: no Hanpaen.
FylBlV 6onbLLOro Nanbua

s © 3apAga; NPoTUE Hanpaen.
GonbLWOoro nansua
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@ ABWXXEHUE SAPF)KEHHbIX YACTWUL B MATHUTHOM MOJNE

—_——

— A4 = = g1 sy BUXEHUE 3apP9XEHHBIX 4acTuy
VTTB FB—=—r5 Fs=0 A C
_@: (2=0) PaBHOMEpHOe NPAMONNHelHoe
V =cgnst
o VA __ (MarHvTHO®  Ecnin 3apag, BNETAET NepneHmKy-
VLB - =g 1o NFIPHO MarHUTHOMY NOIIO, TO
m; G N HarpaeneHo !
I F e le uapwcyHka) o =90=|F,=B-q;-V |
n
- '\ = FAR e s 3aps[ OBUraeTes pasHomep-
N o FalV HO NO OKPYXHOCTH V| = const
.- : °
- A pabota cuwoi Jlopeua He coBepLuaeTes!
Panmyc OKpYXHOCTU nepuor,
BR
F,=B-qy-V mV qun_ 27c-m
Vz R=-—B=const m T= -
Fn_m-au=m? QD V=2T|:R ‘-?()
T
Vﬁa B ‘__JV—;; ——=="» B ECV 384 BNETAET NOA YTIIOM B
- o T MarHvTHOE none: v =V, +\,
0° < o< 90° W

V | — CO343€eT PABHOMEPHOE ABWKEHWE MO OKPYXHOCTW
q — CO3A3eT PABHOMEPHOR NPSAMONMHERHOE OBVKEHME

B pesynsrare 3apsp JBUraeTCA 1o CriMpani

@ MAIrHUTHbIE CBOMCTBA BELLIECTBA

MvnoTesa Amnepa

MarHuTHeIe CBOIACTEA TeNa ONpeaensioTca MUKPOCKONnYe-

N~

amom

CKMMU 3NEKTPUYECKMMI TOKaMn (OpbuTankHoe geuxenme

ANEKTPOHOB B arome) — Tokammn Anrepa
a) Ecnn HanpasneHns TOKOB HEYNOPSA0YEHb!, TO MOPOX-

EDQ
SPF

6) Bo BHELUKEM MarHUTHOM M0J1e TOKU YTNOPSA0HNBAIOTCH, BCNESACTEME YEro B BelLecTse

OABMBIE VMW MarHUTHLIE NONS KOMNEHCUPYIOT APYT ApY-
ra, T. . Teno He HaMarHUyero

BO3HUKAET COOCTBEHHOE MarHUTHOE NoJe — HaMarHW4eHHOCTb

Bo — marmumras wraykups  [= = <1 |ovaMarHeTvki
Eetiiero Cart B=uBy CnabomarsuHsie BeliecTsa
B — mMarHutHas wHIyKums p > 1 |napamarHeTiku
B BELYECTBE K >> 1| deppoMarHeTiku
L — MArHATHAR NPOHMLAEMOCTs CPEMb) CWALHOMAFHUTHHIE BELIECTER
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IV.[[GneKTpomaerrHaﬂ UHAYKLUS ]j

® ABNEHMUE 3JIEKTPOMArHUTHON MHOYKLUK

1831 r. M. dapageii (aHrn.)

[py oBuxXeHn MarHnuTa U Katyliky OTHOCU-
TENbHO OPYr Opyra B KaTywke BO3HWKAET
ANEKTPUHECKWA TOK, KOTOPLIA Ha3uiBaloT WH-
AYKLUWOHHBIM

SNEKTROMarHATHaA MHOYKLYA
- $HBnexne BO3HMKHOBEHNA MHAYKLIMOHHOrO TOKA B
q);\;ﬁ; =?= y’f { / B 3amkryTOM NPOBOAALLEM KOKTYPE MNPV N3MEHEHWN

— MarHUTHOo NOToKA (P), NPOHUBLIBAIOLLETO KOHTYD
T'Tff“\ (NP NBMEHEHIM YCTIA JIMHWIA MarHWTHOR NHIYK-
Lm)

(@ NPABUNO NEHUA —

(I)‘ I s & ‘ . S MHOYKLUMOHHDBIA TOK, BO3HNKAIOLLIA B 3aMKHYTOM

J ’ KOHTYDE, BCErLa MMEET TAKOR HanpaB/neHne, 4To Co-
30aBaEMOe UM MarHUTHOE MoNe NPEnATCTBYET U3Me-
HEHWIO MarHUTHOMO NOTOKA, BLI3BABLUEI 0 310T UH-

) LVKLUNOHHBIA TOK

ﬂ% ‘i'\ /BlB\ ecm® |, 10ByTTB: |ecm@ T, 10 Bo TL B;

@ 3AKOH 3NEKTPOMAIrHUTHOWA MHAYKLW

Onuirtsiv nyTem AD Cuna NHOYKUMOHHOMO ToKa NPSMO MNRONOPUMOHANTBHE
ycraHoBaeHo: ] - At CKOPOCTH MameHEHWA MarHUTHOMO MNOTOKA Hepe3 NoBepx-
HOCTb, OTPaHUHERHYHO KOHTYPOM

TOK B NPOBOOHMKE BO3HUKAET, ECMIM HA 38PN ASACTBYIOT CTOPOHHWE Cfibil. PaboTa cropoH-
HX cun xapakTepuayerca SAC(E). CnenosatensHo, Mo M3MEHEHN MarkUTHOrO MNoToKa
uepes KoHTYp BoskikaeT ILC vHAyKUMM (€;)

I ~ AA_(D AD AD S0C UHOYKLAKM B KOHTYPE YWCNeH-
5 f g ~—— | & =—— || HOPABHA CKOPOCTV MAMEHESHVIR Mar-
(R — conpoTuBheHue s o g gy R
¢ npaeunom JleHua)

KOHTYPa)
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@ BUXPEBOE 3NEKTPU4ECKOE NONE

CYUHOCTD FIBEHUA ANEKTPOMArHUTHOM MHIOYKLMWM B HEMOABWKHOM TIPOBOAHMKE COCTOMT He
CTONBKO B MOSBNEHUMA UHIYKLMOHHOTO TOKA, CKONLKO B BOHUKHOBEHMI BUXDEBOTO 3NEKTPYHECKOrD

NONA, KOTOPOE W NPVBOIMT B OBVDKEHUE 3MIEKTPOHBI B MPOBOANUKE AR — Em{xp. = I;

HYem Gonbie ckopocTs| oo, B 5 | ymerwwere B B
M3MEHEHWS BEKTOPA B, ieeme o By Y . 4 A
Tem Gonble HanpsxeH- AB >0 ;J/ AB
HOCTL BYXPEBOIO aneKkTpu-| A+ 73 At <0 173
HECKOMQ oM o o
AB {(npaevno L (npaBuno / F
~— A'I[
Bap. =~ NEBOrO BUHTA) i Npaeoro BuHTa) Kp

— BUXPEBOE MNOJe He CBA3aHO C 3apAAAMM, er0 NIMHUA HANPAXXEHHOCTH 3aMKHYTHI Ha cebn

— BUXPEBOE 3MIEKTPUYECKOE MONE HEMOTEHLMANLHO (A.mpL #(0 no 3aMKHYTOMY KOHTYPY)
— CUNOBblE NMWHUU He NepecekanTca

= Esmp_ F1 1, (HanpasneHve IMHWA HaNPSXKEHHOCTU COBNEAAET C HanpasNeHeM WMHAYK. TOKa)

(B camouHaYKUUS

(4acTHBIA Cny-aid INEKTROMErHWTHON WHOYKUMKW) 310 sBNeHwe, 3a-
KIOHAIOLWEECH B TOM, YTO U3MEHEHWE MArHUTHOMO MONf KarTyllikv C
TOKOM (NPOBOOHVKA) MPWU MPOXOXKOEHUW Hepe3 Hee M3MEHSIIOWErOCH
TOKA NPUBOOMT K NOABMEHWMIO UHAYKUMOHHOIO TOKa (fy) B 9TOW CaMO
KaTylwke (NpoBOAHWKE)

CamMoMHayKLma

3aMblKaHWE LIENA I
1. Namna 2 3aropaeTcs Noaxe /1_ IN'
2 ITsBT-0Toe,; t vk
Qe MHe =1 Wi (npaauno Nenua) AF
PaamvbikaHue Lenm

3 I Tl
1. JlTamna 2 Aapko BCnbixMBaeT \ ' “
2 1l5Blsdlose, ——t
3.e4TTe = 1,111 (npasuno Nexua) At

Moyrib BEKTOpa MarHTHOM MHAYKLIMU MarHUTHOMO NOJIA, CO3/aBaEMOr0 TOKOM, NPONopLMOoHa-
NIEH CUNe TOKA, 8 MarHUTHLIMA NOTOK NPONOPLUMOHaneH BekTopy B (@ =B-S-cosa)

|B I = A , _, aae,aemxoawuuneﬁr Slo=1L1
| | PONOPUUOHABHOCTHA
Benvuuny [ HazwigaioT MHOYKTVMBHOCTLID KOHTYpA. AD Al
Mcnons3ya 3aK0H INEKTPOMArHUTHOM MHAYKUMK, 3anuwem: & = —E=—LE

MHOYKTUBHOCTD || STO(ManECKas BENNHA, FENFIOLLIASCH MEOV <UHETHOCTY> SNEKTPVHEC-
KOV LIEMM MO OTHOLLEHMIO K M3MEHEHVIO CHITbI TOKA (33BUCHT OT (GOPMbI 1
L[TH] Pa3MEPOR MPOBOIHVKA U OT MarHATHBIX CBOVCTE CPEAKI)

(6 SHEPTUSI MATHUTHOIO NONSI TOKA |y, _ 1"
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AnexTpomMarHuTHbie KosnebaHusa
" BOJIHbI

SNEKTPOMArHUTHLIE AneKTpoMarHUTHbIE koneGaHuA U BONHLL — pasaen Guaiku,

xonebanus U BONHLI (| M3YHAIOW NEPHODNYECKVE UMEHEHIA 3aPAAA, CUMbI TOKA, Ha-
MPSDKEHNR, ANEKTPVHECKOTD M MarH THOM NONEN, 2 TAKKE NPOLECT
PacnpoCTPaHeH NEKTPOMArHUTHLIX NONEi B MPOCTPAHCTBE C
Te4eHUEM BpEMEHU

® CBOBO/OHbLIE 3/IEKTPOMAIHUTHLIE KOJIEBAHUA

1) KoneBarenbHblit KOHTYD ~ — yCTPOMCTBO, C NOMOLLLHO KOTOPOIO MOXHO NONYSMTL
SNEKTPOMArHTHEIE K0nebaHMs. COCTOUT U3 KOHASHCATOPa

EeMKOCTbI0 C 1 KaTYLUKA MHAYKTVBHOCTV L
Lé C Ecnu conpoTvBneHue KOHTYpa R 0, To konefaHus
ByayT 3aTyXaioLpMn

WoeankHbiA konebarenbHblid koHTyp — R= 0

2) >

KoHneHcaTop 3apsikasTes of 6aTapew, nony4as aHeprio W, =—C—I~jzﬂé*»
Mpy NpUcoeauMHeHUW K HEMY KaTYLUKN MHOYKTMBHOCTU OH Das3psbkaeTcs, U B
LiEn NORBIAETCS 3EKTPVHECKWIA TOK. BCNencTsve sBNeHUA CaMOMHOYKTUBHOCTH,
BO3pacTaHue 1 yObiBaHWE INEKTPMHECKOro TOKA Npy Nepesapsae KoHGeHcarapa
NPOUCXOAUT NOCTENeHHO. BOZHUKAOT BNEKTROMArHUTHLIE KoneGaHusa (neprogi-
yeckue usMeHeHun 3apsaa (g), cunsl Toka (1), Hanpsokerns (U), aHeprvn anek-
Tpueckoro (W) n marnutHoro (W) noneit)

T+
il € e 1€ i 1€ e L@C
Im1 |Im | lIm
U

0

-In
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3)

4)

W=W +W_=const \
(W,+W ) =(const)" =0

YpasHeHue konebaHuii uoeankHoro KonebarensHOro KOHTypa

Ecnu konebarentHblil KOHTYR SiBNsSieTCa uaeantHeim (R = 0 ), TO BeINONHAETCH
38KOH CoxpaHeHus aHeprim W= const. Mcxops 13 Toro, 4TO NpouseodHas no-
CTOAHHOID YMCNa PaBHA HYMIO, NOAyYaeM crepyiowee:

aHanor
B MEXaHnKe

a=x"=—o’x

Y
g

F=-?q |~

|| peuleHe ypaBHeHus

g = g, cos !

q,, — aMIMTYRa (MaKCUManbHbIe 3Ha%erHs 3apaaa)

€4=—L—=-L- r =+L‘Jmmz " COS (f

[ =1, -sinwr

U=U -cosot

€y =€ -COSQM

KonebaHus B MaeanbHoOM KonebarenbHoMm
KOHTYPE ABASIOTCH rapMOHU4ECKUMM

Popmyna TomcoHa

T=2nJL-C

C — anekTpoemKocTh
L — HWHOYKTUBHOCTL

LGC

€ Neproj SNeKTPOMarHUTHBIX
konebanui B nOeanbHOM KOHTYpe

9)

ﬂpeBpameHne SHeprmn

B koneGarensHoM KOHType MPOMCXOOAT Nepyvoavtecke NPEeBpalLeHa 3Heprmm
ANEKTPUHECKOTO MONSA KOHAEHCATOPA B 3HEDIVI0 MArHUTHOTO NOMA KATYLLKK M-

OyKTBHOCTM M oBparHo.

2 2 2 2
an | (4, U [Um

2 | 'l2c” 2

ECAM KOHTYP naeansHbii, T
s u
2

3HEPrVIs COXPaHAeTCs: o
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@ BbiHY)KQEHHBIE SNEKTPOMAITHUTHBIE KONIEBAHUA.

NMEPEMEHHbIA 3NEKTPUMECKUINA TOK

1)

2)

MpocTeifluas Moaens reHepaTopa NepemMeHHoOro Toka

IMpoBOARALLMIA KOHTYD (pamky) noLwaakp0 S
BpPALLAIOT B NOCTOAHHOM MarsmMTHOM none

(C BEKTOPOM MArHUTHOM MHAYKLIMK B)

MarHuTHsI NOTOK [® = B - S - cos O, TAE 0L — YTON MEX/ly BEKTOPOM B 11 HOpMa-
JIb0 K PaMKE #1 | Mo BPALLIEHAN DaMKN MMEHASTCR, T. K. MaMeHseTcs yron o. Benep-

CTBUE ABNEHA SNEKTPOMArHUTHOA MHEGYKLIWA B paMKke BOSHUKAET NEPEMEHHBIA 1H-
OVKUVOHHBIA TOK

®=5-5-coso d=B-S-cosmt \©O— YrnoBaackopocTs
o= BpailieHuss pamku}
(Mo 3aKOHY BNEKTPOMAT HUTHOA MHOYKLMK:

€; =—%=—¢’=—BS(¢0§W)’=+B- S - - sin o

; & — amnmtyoa S4C
— ~y = - - "
£ =g -siner |& =B-S-0® WHOYKLY

13 by Ly

rapMoHIHeckue konebarna

U=U, -coswt — HAMPSKEHNE NEPEMEHHOIO TOKa

I=1,, -cos(w+.) | —owaTtoka, roe @ — casur no ¢ase
MEXY KONEDaHMSIMIA CNBL TOKE W HATpSDKeHAS

DeiicTeyiowMe SHAYEHUS CUNbI TOK2 U HANPSXeHUs

AeiicTByIOUMM 3HAYEHUEM CUIIBI NEPEMEHHONO TOKA (/) HA3BLIBAIOT CUNY
Takoro NOCTOSHHOIO TOKA, KOTOPLIA Ha OAVIHAKOBOM COMNPOTMBNEHMM Lienu 3a
BpEMS, pPaBHOE OOHOMY nepuroay, BuABNAET Takoe Xe KOMWMECTBO TEMNOoThI, 410
1 JaHHbI NEPEMEHHBIA TOK 3a TO Xe Bpema

U MowuHocTb
I, =— U,=—= nepemertioro | Po=1,-U
AR AR e
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3) PesoHalc B Leny NepeMeHHoro Toka

HeneHre PesKoro BO3PACTaHWA amMniMTyabl Bbl- I i
HYXOEHHbIX konebaHuii Toka B konebarensHOM :

KOHTYPE C ManbiM aKTUBHBIM COMPOTUBNEHMEM, IR:
NPOVCXOOALLEE MPY PABEHCTBE YacTOThl BHELU-

HEMD MEPEMEHHOIO HanNpstKeHUs 1 coBeTBEHHOM : R
4yacToThl konebarenbHOro KOHTYPA, HasblBaloT

PE30HAHCOM B 3NEKTPUHECKOM korebaresibHom :

KOHTYpe 0| o ©®

1
©=%=Jic

Lelt CBA3Y)

(fBneHue MCNonb3yeTca B PaavOCBA3M 0159 HACTROVKK Ha YHacToTy nepenao-

R, <R, <R,

(3 ABTOKONEBAHUSA

Yrobul ceobBonHble konebaHus B koneGaTtensHoM KOHTYpe Bbl He3aTyXaloLLMMK,
HEOBXOMYMO MNEPUOAMHECKI MONONHATL 3anac SHEPrM B 3TOIN CUCTEME.

Konebanus, kotopsle MOTyT CYLLIECTBOBATE B CUCTEME 683 BOBAEICTEIA BHELLHVX MEpWMOM-
YECKMX CWN, HA3LIBAIOTCA aBTOKONEBaHAMN

FeHepaTop He3aTyXalLWMX 3NeKTPOMarHUTHLIX KoneGaHui

NonynpOBOAHWKOBLINA TpaH3ucTop (p-n-p)

BuIMONHRET POk KNDYA B CXEME
Cros > 0 = KIMOY PAIOMKHYT

Ors < 0 = KJIOY 32KPBIT

NOCTORHHOTO || Lenk
Hanpsxewus | |TpaHaucTopa

=

K KOANeKmop
E C fiaza
LCB éL ; HITmep
32
HHH
obparHan ces3e
r kaTywka L "|
WCTOYHUK aMuTTepHas | |konebatens-

HbI KOHTYP
g

— KOMMNEHCALWA noTepk 3HEPrn npo-
VCXOOUT NEPUOANECK NP NMOMOLLIM
TpaH3ucTopa (B CTPOrOM COTNacoBa-
HUKM C KOMBUHALWAMI HaNpsXeHus
Ha KOHTYpe)

~ COTMACOBAHWE MPOUCXOAUT NPW No-
MOLLM KaryLUKW UHBYKTUBHOCTH Lm
(oBparHan ceass), kOTOpas perynvpyer
noTeHuuan 6asbl COOTBETCTBEHHO KO-
nebaHuam KoHTypa
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(@ TPAHC®OPMATOP

1) Tpancdopmarop 370 YCTPOICTBO And NpecdpasoBaHnA MepeMeHHoro
TOKa, NP KOTOPOM HanpsXeHue yBenuivBaeTca
— g MNY YMEHLLUAETCA B HECKONLKO pa3s NpakTU4ecku
‘:gNu N, 6e3 NoTepy MOLLIHOCTH
NepeuLHas BTOpU4HaA Y
op CTPOICTEO

Sl nee Katylwky (o6moTky) Ha obwem deppomar-
HUTHOM CepaeyHVke
N, — 41CnO BUTKOB REPBUHHOIA 0OMOTKI

w 3 } g N, — 41CNO BUTKOB BTOPUHHON OOMOTKN

2 -
) Cep.ﬂ.eLIHMK KOHUEHTPUPRYET MarHWTHOE None Tak, 4To BCe BUTKWU NEPBUYHOM

V1 BTOPUYHO# 06MOTOK NPOHU3LIBAIOTCA NPAKTUHECKM OMHAKOBLIM Nepe-
MEHHbLIM MarHUTHBIM Mornem (MOTOKOM). B pesynbTare B Kaxa0M BUTKE Ha-
BoauTcs oavHakoBas IAC nHaykLm (e)

3) Pexum xonoctoro xopa (7, = 0)
EcruR=0,To U, =—¢, (IR=U, +¢); e, — OOC vHpyxuyum B 1 BuTkKE

U,=-¢@,=0
Uh_&t_aM N | U_N_g | K-rxoobpuper
Uy —€ e-Ny N, U, N, rpaHcopmMatLu

K > 1 —paHcdopmarop noHwkaioumii (U, > U,)
K < 1 — tpaHcdopmaTop nossituaiouwmii (U, < U)

Pexwum paGoyero xopa (7, #0)

~U |EJR ﬂ“f’zﬁUﬂl"Uﬂz:ﬂzl—z
U, 1

TpaHchopMaTopb! UCTNIONBL3YIOT 17 NOBLILLEHNA HAMPAXKEHVIA
C LenbIO nepenayn 3NeKTPO3HEPT A C MEHBLLIMMUA NOTERAMUA
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(5 3NEKTPOMAIrHWUTHBIE BOJIHbI

1)

2)

MPOLECC PacrpOCTPaHEHVS B NPOCTPaH-
CTBE NePeMEHHO0 3/IEKTPOMArHUTHOMO

InexTpoMarHMTHan BONMHa

— B—u B'

nonda =

ENTR E Jeu

‘_\//E \U_... A — omHa
Cropocts SMB B Bakyyme: BOJHE

c=310m/c ELBL1V

KoneBanus BeKTOpa HanpsXEHHOCTU 3nekTpu4eckoro nons (E) u BeKTo-
pa MarHuTHon uHaykiwm (B) B nioBoid Touke coenaaator no ¢ase. Ha-
NpaBneHNA BEKTOPOB E W B NepneHauKynsipHbl gpyr Apyry u Ha-
NMPasfEeHNIo PacnpPOCTPaHEHWs BOSMHLL. 3NeKTpoMarHUTHasa BONHA ABNS-

€TCH 1oNepe4HOIA

CeoiicTea 3neKTPOMarHMTHbIX BONH (CM. MEXZHWY. BOJHbI)
Q) Sdindind r (I/IHTedeepeHu@
1
ol B Ab - Ar=hn — max

Ar:%(2n+ ) — min

0 o)
5 ([omprsawn)

I sine _ Y}

nOARPUIAINCD

:
AR S e
% CKOPOCTU BONHB)
h W i B Cpege oT ee
o,
- U 4acTOTH
% & / Vl/

V2
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( ONTUKA )

Ontuka || pasnen pusvku, B KOTOPOM U3YHRIOT ABNEHMA U 3BKOHOMEPHOCTH,
CBfi3aHHbIE C BO3HUKHOBEHUEM, PAcnpOCTPaHEHWEM 1 B3aUMOeir-
CTBMEM C BELLIECTBOM CBETOBbIX ANEKTPOMArHATHBIX BOJH

l. @' eomMeTpu4yeckKkas ontumka j

FeomeTpu4eckan FeomeTpuyeckas onTuka — 3TO pasfen onTuky, B

onTUKa KOTOPOM M3yHaIOTCA 3aKOHb! PACTPOCTPaHEHWA CBETOBOW
SHEpPrK B NPO3payHbIX Cpeaax Ha OCHOBE NPeLCcTaBne-
HVISl O CBETOBOM Ny4e
Ceetoroii nmy4 “ 5TO NWHWE, BAONL KOTOPOIA PacipoCTPaHAeTCA aHeprs
——T e CBETOBLIX 3NEKTPOMArHUTHLIX BONH

B 04HOPOQHOW CPEenE CBET PaCciPOCTPaHSETCS npsiMonuHeliHo . CBETOBLIE ny4-
KV Mpuy nepeceseHiv He UHTepgEepUpYIOT 1 PacNpOCTPaHAIOTCA NMOCTE Nepeceqe-
HA HE3ABUCMO PYr OT gpyra

(D) 3AKOHbI OTPAXEHMSA

|. Yron nanexws paBeH yrity OTpaXeHvs:
o=0

Il. Nyq napalowmii, nyd oTpaxeHHslin 1 nep-
B NeHOVKYNsAp, BOCCTAHOBNEHHLIA B TONKE Na-
OEHUS K TPaHuLE OBYX CPeL, NexaT B O4HOM
MyoCKOCTY

Uz06paxeHue 8 NNOCKOM 3epKane

1)} N3obpaxeHre ABNSETCH MHUMBIM
(nocne oTpaxeHVs OT 3epKana NnepecexarTes
HE CaMU Ny4i, a UX APORCIBKEHMS )

2) V130BpaxeHne HaxoOMTCA HA TAKOM Xe Pac-
CTOSIHUV OT 3epKaNa, Kak v npeamMeT

3) Paamep n3obpaxeHus paseH pasmepy
npeoMeTa
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(@) 3AKOHbI MPENOMJIIEHUS

1)

2)

3)

OTHOLLEHE CUHYCOB Yr7ia NaaeHus 1
yrna npenoMeH1s eCTb BEMUYUHA 1O~

CTOAIHHAA ANd OByx Cpen,
I cpeda snoc V, -
2 cpeda Y const =ny

A

A

ll. Flagaowwmia nyy, npenoMineHHbIN fiyy v
nepreHavKynap, BOCCTAHOBNEHHRIN B
TOYKE NageHus K rpaHuLe asyx cpea,
NEXAT B O4HOI MNOCKOCTU

OTHOCUTESBHBIN NMOKa3aTenb npesomneHus (n, )

370 DM3UNECKan BENMHUHA, ABNAIOLLASCH XapakTepuc-
ny 1= M TUKOM OBYX AaHHbIX Cpep. [NokasbiBaeT BO CKONLKO pas
Va CKOPOCTL CBETa M3MEHSETCH N NepPexoae U3 OfHOR cpe-
Db B APDYrytO
ABCONMNIOTHBLI NOKA3ATENb NPENOMAEHUA 9T0 nokasdresb npenomne-
¢ | c—cropocmceera HWA NaHHO CPEREI OTHOCU-
v | B Bakyyme TeNLHO BakyyMa
sinot _V, _c/my _m sing  fy
Siﬂ'Y Vz C/nz m sy i
MonHoe BHYTpEHHee oTpaxeHue npun, <n sino._Vy _my
1 Sjll'Y V2 m

I I ¥=90"
R i e

NPV YITIEX NBASHS o > ¢, MPOUCXOAVT MONHOE BHYTDEHHEE OTPAXEHIE

ecnny=90°=0, npegenbHLIi yron

a . "2
sin 0"11]: —;—
1

MnockonapannensHan NNacTUHa Mpuama

I yy cmelzercs CrevoBoil iy
= e napamiensHo OTKJIOHAETCH
.7 R

(x — cmeweHve) | npuamel

K OCHOBaHMWIO
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® NvH3bI

1)

2)

JNunza|| NpospayHoe Teno, orpaHuyeHHoe gBymMs chepuueckumu
NOBEPXHOCTAMM

ToHKan nuH3a ” NUH3Q, Y KOTOPOI TONLUMHA Mana Nno CPaBHEHUIO
C paanycamu KpUBU3HbI NOBEPXHOCTU

Coﬁwparguziﬂ nvH3a a 4,24,
N rsn—
$ [ ——
oY o =
Paccevsaollian nvHaa B Do
Y o7 —
Y/ = —
O YA O ——
i . . \"' - "--._

02 OI %_‘..._ - 0 F' 02

Fnasxas ontuyeckan ock (0, 0,) — NpAMast, NPOXOAALLas HYepe3 LeHTsb!
chepryecKx NOBEPXHOCTEN MAH3kI

MNoBouHan onTuyeckas oCh — mobas npsAman, npoxopsuiaa yepes
ONTUHECKWIA LEHTD

OnTrueckuii LeHTp (0) — NepecedeHWe raeHoi oNTUHECKO OCKu C NMH30M

®dokyc (F) — To4Ka, B KOTOPOK COBUPAIOTCA NOC/E NPENoMNeHUa BCe Nyuu,
nagaloLye Ha NUH3Y napannensHo FNaeHO ONTUHECKOI OCK
(cobupaiolan nMHaa)

Miviii poxye (F') — T04Ka, B KOTOPOIA NEPeceKaioTCs NPOAOIKEHS BCEX
NPENOMIEHHBIX JTyHE, NafaloLMX Ha NMHIY Napanent-
HO MaBHON ONTHECKoi Ocy (pacceuBaloLlan miH3a)




Onmuxa 81

3) NocTpoenne n3obpaxeHmii 8 NMH3ax

1) JTyd, NPOXOSALLMIA YEpEs OMTUHECKIIA LIEHTD, HE NPEOMISETCA
2) Jlyd, nagaowmin NapannensHo rMaBHoM OMTUHecKOW ocw, nocne npe-
NOMNEHUA NpoXoanT Yepes ¢oKyC (MPOOOMKEHUE NyHa Yepe3 MHUMBINA

oxye)
3) Ty, NpoxoasLLiA Hepes (OoKyC Nocne NPENOMIEHWS, WAET NapannensHo
I'TIABHOWN OMTUHECKON OCU
A unaobpaxeHne A § u300paxeHHe
A y — YMEHbLUEHHOE A” - YMEHbLUEHHOE
2F -~ BeiiCTBUTENBHOE r F'2F' - mHumoe
- T SR - npAmMoe
2FF "\2& o 2F'F ) (BO BCEX CNy4asx)
A ~ paeHoe A )
'y — BEeiCTBUTENLHOE A A4
\F 2F - nepeseprytoe ) F2F
2F F 2F'F'
A ’
a N — yBe/etHoe 4
— BefiCTBUTENLHOE 7
1 -~ \F 2F 3 I'IEDEBepHyToe ) j47‘ F’ZF'
2F F ‘ 2Fl Fl
A' J
A ﬁispaxemn 4 : -'
= [ Far
— YBETNHYEHHOE A A.-
— MHUMOE y F" 2 F'
— npsmoe +

2F'F 1 \

Yem 6nmxe NpeamMer K nuHae,
TeMm Gonblue n3obpaxeqne
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4) Xopn nyyka napannensHbiX Ny4ei, naywmx Baonk noboyHol
ONTUYECKOW OCH

w nobounas
onmuMecKas
och

LF

:\gﬁa;aaam
%noﬁal:m ohmuneckag ocy THIOCKoCmE

LeACTBUATENBHOE M300paxeHne NOy4aeTcs, ecm NpenoMieHHEIe Sy nepe-
CEKaTCA B OOHON TO4KE (MOXHO NONYHUTL Ha 3KpaHe)

MHUMOE M30BpaXEHVME MOMYHAETCH, €CIW MPENOMIEHHEIE iy HE Tiepeceka-
I0TCH, OHO HAXOOMTCH B TOHMKE MEepeceqeHus NPoOODKEHWA nydein (HeBo3-
MOXHO NOMy4MTb Ha 3KpaHe)

0bpaTtMMOCTL X04a Myyei: nNpeaMeT v ero ulobpaxeHue Bcerga MOoXHO no-
MEHATb MeCTamMm

9) dopmyna TOHKOW NNH3bI

cobuparowias nuHza: F > () 1
paccevBawowas nuHsa: F< 0| F

_1_ 3HaK craraeMblx
'3 onpenenneTca
XapakTepoM n3obpaxeHus

1
OnTuyeckas cuna IMH3bI D= 5 [mnTp]

YBenvyeHve =
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7= :
II.L BosIHOBasi ONTUKA

Bonnosas I paspen ONTUKW, U3YYalOLiMi CBETOBLIE BOMHEI KAK YACTHLIN
onTHUKa Cny4ain SNEKTPOMarHUTHBLIX BONH

CeeToBbie BoMHLI 06/124310T BCEMY CBONCTBAMM 3NTEKTPOMArHUTHBIX BOSH

@ DWUCNEPCUS CBETA 33BMCUMOCTL CKOPOCTY CBETA
(nokazarens npenoMneHysi)

Jvcnepcus — NpyyYHA pas-
noxeHusi B cnekTp 6enoro

cBeta

KpacHbi

Benblii cBeT — CNOXHbIN

CnexTpancHulii cBET — MO-
HOXPOMAaTUHECKIUIA (onpene-h
neHHan fnvHa BONHbI A) \

Teopusa gucnepcum

sino. e
sinYp | Vioom "p Vip

maonbta: = |p <n . > [’¢
sinao. 3 v > Y i3 ¢ c "
= =, n¢l p ¢ nd) e

sin Yy, A

B Bakyyme avcnepcum HeT: ¥, i an = 3-10* m/c
Paznoxenue v cuHTes MoHoxpomHLEi CBET: NPOCTON
(NpV3amoii He paznaraeTcs)
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(2 WHTEPO®EPEHLIUS CBETA

1)
ceeta

KorepettHbie
BOJIHbI

WuTepdepeHumn

cnoxeHwe AOpyx wu bonee KOr€épeHTHbIX BONH,
BCNEACTBUE KOTOPOro HabniopaeTcs ycTonyumeas
KapTuHa ycuneHvs unv ocnabneHus CBETOBbIX KO-
nebaHuii B pasHbIX TOHKAX MPOCTPAHCTBA

BOJIHbI OIVHAKOBOIA YACTOThI C NOCTOSHHON PAa3HOCTLIO

a3 (BNpMpoae HET KOrepeHTHbIX MCTOYHKKOB CBETa). Ko-

repeHTHble CBETOBLIE BONHbLI NOMYHaHOT NMyTEM paspene-
HUA OOHOIO 1 TOMO XKe MyyKa 1N NPpW NMNOMOLLIX Na3epoB

Ycnosue unrepge- —3 Ycnoeue mHtepge- T
PEHLMOHHOro Ar=Mt PEHLWOHHOTO Ar=—2n+1)
Makcumyma 1=0,1.2. MUHAMYMA 2
n=0,1,2...
2) | Konbiya HutoTowa Wnrepdeperumn 3eprana PpeHens
B TOHKMX NMNEHKax
W I 2 o

/\

Wi

A\

@ NONAPU3ALIUA CBETA

rnonepe4Has BOnHa

EcTecTBeHHbIN CBET ABNAETCA HEroNsApU30EaHHsIM (COAEPXVT BOMHbI
CO BCEBOZMOXHbIMY HarpaBneHusiMm konebaHuii BEKTOPOB £ W B, Nep-

NeHaVKYNAPHBIMY HaNPaBNeHWI0 pacnpocTpaHeHusl BonHbl). Ceet —

nwmﬂcz?auuu och

| PGSR noAspuIaRuUL
\\ 3 'i’ T

ecmecmaeHBbil \

vmeelnay noaspuzamop "CPPRE08 porapuzamep

ceem ceem

Monspvaarops (TYPMa/VH, repanartvT, nonsponasl) obnapatoT cnocobHo-
CThIO MPONYCKaTb CBETOBLIE BONHLI C koneGaHusAMY BeKTOpoB E W B

TONLKO B OJHOW MIOCKOCTU — MOSSPU30BaHHbIA CBET

INasep UCMyCKaeT
Nonsipy30BaHHbINA
cBer
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@ BUGPAKLS CBETA

1)

2)

Oudpaxumsa || fiBNeHve ormbaHua CBETOM NPENsiTCTBUA, pa3Mepsi
KOTOpbIX COM3MEPMMBI C A/IMHOIA CBETOBOIA BOMHbLI

Ycnoeus HabmoaeHus
— pa3Mepsbl NPEensiTCTBUS A0MKHbI BbITL COM3MEPUMBI C [JIMHOWN CBE-
TOBOW BOMHbI (A ~ 107 M)
— paccTosiHMe OT MPensiTcTBUA [0 TOYKKM HabniogeHws OOmKHO ObiTb
ropas3no bonblle pasMepoB NPEnATCTBUSA

B pesynbTate gudpakumy HaknaaelBaloTCA CBETOBLIE BONHLI, NPUXO-
LOAlLME U3 PasHbIX TOHEK (KOTEPEHTHbLIE BOMHLI), 1 HabnoaaeTcs uH-
TepdepeHuMa BOIH

dwvppakymoHHan pewerka || COBOKYNHOCTb 6OMbLLOrO Y1cna O4eHb
Y3KUX Lenen, pa3feneHHelx Henpo-

ez == ez 3PaYHBLIMY NPOMEXYTKAMM.

s d — nepwop OudPaKUMOHHONW pe-

d=a +b | WETKA

AvdppakumonHas KapTuHa =5 K =2 = max 2-ro nopsaka

UHTEepdepeHUMOHHBIA Makcu-
MyMm OGyadet HabniogaTeca B
TO4YKEe A NpY YCNOBUU:

-]
} max 2-z20
nopacka

LS.

]

Ar= 1K, roe

max [-zo
noproka  K=10,1,2... (NOPRAAOK MaKCMMyMa)

$ yeHmpaibH. Ar = d-SiI'Iq)
max (K={))

-ﬁ} max 1-20 d-sinp=A-K

nopROKa

"&} max 220 K =0 = sing@ = 0 — UEHTpab-
nopadka X “#
Helll MakcyMym (Benwii UBeT)

IKpan
K=1 = max 1-ro nopsagka

(cnekp, T. k. A > 4,)

ot 6enoro ceeTa (CnexTp ) U T. AL
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(5 CNEKTPbL. CNEKTPASIbHbIA AHAJTU3

1)

2)

3)

4)

5)

l Hcrounmku ceeTa I ¥

JIIOMMHECLIEHTHbIE

— 3NeKTpo... (ra3oB. paspsa)

- Karogo... (anekTp.-ny4esan Tpybka)
— XUMU.... (XMMHYECKas peakuus)

- ¢OTO... (Namnbl OHEBHOIO CBETA)

Tennoeble
(namna HakanveaHusa)

Crexrpocwon MpuBop, XOPOLLIO Pa3nensioLLA
BO/HbI pas3imuHOR 4viHb! W ga-
IOLUMIA YETKWIA CNeKTP Uany-
YeHus (B OCHORE — SIBNEHNe
AVCnEponn)

CnexTpel uCycKaHus
a) HenpepsiBHLIA (NONYHAIOT OT PACKANEHHBIX

TBEPOBIX UM KUOKAX TEN; NNa3Ma) xp.
¢. Beelpeta
cnexTpa
= = N Habop
6) NMunedvaTblid (OT packaneHHbIX rasce B a R
aTOMapHOM COCTOSHW)  MnY nuHuR
k. opHoro
ueera
8) Monocarwiii (0T packaneHHbIx ra3oe B MO- Hs A
NeKynspPHOM COCTOSHMN) m
nonocaras
NUHVR
CnexTp nornowenms ATOMbI 2HHOT O BELLeCTBa
2 Na Ha (ore nornowaKT Té CBETOBLIE
Ex xp.  CTVIOWHOrO
crexTpa yepras| BOMHbBI, KOTOPbIE OHW CaMK
& puHus (Mw VICITyCKaIOT
Habop nuHWiA)
CnexTpanbHbiid onpenenedue XMMKWHECKOro CoCTaBa BELLECTBa Mo
aHanu3 ero cnexTpy (bonbluas YyBCTBUTENBHOCTL, MAbIE

3aTpatbl BpemeHu; ¢dbakTop paccTosHus (CnexkTp
3Be31); OTKPLITUE HOBbIX 3NIEMEHTOB)
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Mexanuxa

KeanToBas onTuka ‘

il. {KBaHTOBa‘iI onTuKa]

Q@ POTOIDDEKT

pa3nen onTvKW, U3YHaloLLWiA KOPMYCKYNSIPHLIE CBOIA-
CTBA CBETA (CBOMCTBA YaCTuLL)

1)

vyl

$IBNIEHVE BbipbIBaHWS SNEKTPOHOB U3 BELLECTEA Mo
OEeACTBUEM N3NY4eHUs

otkpbiTve seneHus: 1887 r.T. lepuy,
uccnenosaHve aeneHvs: 1888 r. A. I'. CroneToB

2)

Onbimel CTOneroBa

(YCTaHOBKA: BaKyyMHas Namna C XONOoAHbLIM

KaTonOoM)

Mpw OCBELLEHUW KATOAA M3 HErO BbIPLIBAIOTCA
S/IEKTPOHSI 1 B LIEMM YCTEHABIMBABTCH BTIeKTMHEC-

KWA TOK g=e
a) I 1

nae. - — = il 2

b o E= >
U
= I'I h U;wlupanww
6) MameHsieM WHTEHCUBHOCTL CBETOBONO NOTOKa (@) (v = const)
| 3akoH oroaddpexra

J'/:(Dz >D,

uanupanuﬁ

Cvna ToKa HachILLEHWS NPSIMO
NPONOPLIMOHANEHA MHTEHCUBHOCTY
CBETOBOIO 3NYHEHIA

B) MiameHsieM HacToTy uzny4eHus (v) (@ = const)

/l/iw :

Uuul U;nnl IO

Il 3akon doroaddexTa

Makcumarbhas £ (oToanekTpoHoB
MponopLMOHaibHa YacToTe CBeTa U
HE 3aBUCUT
OT €70 UHTEHCUBHOCTH
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3)

4

—

KpacHas rpanvua ¢ortoaddexra

ECrii 4acTota CBETa MeHblile HEeKOTOPO ONpPefeneHHON [ JAHHOMO BELLe-
CTBa MUHAMEBHOW 4acToThl (V;), TO ¢oToadpexta He mpouexoomT

Teopua doroaddekra

ruroTesa NnaHka: CBET U3Ny4aeTea W NOrnowasTca
OTAeNbHLIMW «NOPLUUAMU» — kearnTamu (¢hoToHa-
MU)

Sueprus oaHOro S v — 4acrora csera
=1
KBaHTa: h — noctosiHHas lNnanka

1901 r. M. Mnaxk

h=663107 Ixc

YpaeHenue nHTeiHa ans dotoaddpexra

. AHeprs oaHoro (oToHa TPATUTCS Ha paboTy
IN=Ayy +7¥ | | noBbixogy 3MeKTPOHa 13 BELLIECTEA 1 NPUaa-
2 1 HUIO My KMHETUYECKOI 3Heprm
~ecmhv <A = doroaddexraHe byper
Aishl)\ e
—A,, =hvy,= L el - 4ACTOTA KDECHOBOJTIHOBOV IpaHuLib
€ | —amHa BOMHb (KDACHOBOIHOBOV IDaHnLb!)

Z'O _—
Vo

® OABJIEHUE CBETA (onbiThl Jiebepnesa)

LDasneHve ceeta 0bycnosAeHO TeM, YTO OTOHBI KaK HacTuiibl 0bnanaloT
VMAYNECOM 1 MEPEeJaoT ero Teny NPU OTPXKEHMU U NPK NOMMOLLEHAK

ln s hv - h | o hv Macca NoKos
p=mc S e 1 hv=mc’= | M=—5 ¢orona
g 2 m, =10
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(ATOM M aTOMHOEe a4p0

ATOoMHAR W ApepHas || paspen GusukK, M3y4alowmii CTPoeHWe atoma
duanka 1 @TOMHOrO Sipa W MPOLLECChl, CBA3AHHLIE C
HWUMK

(@ CTPOEHME ATOMA
1)

Oneir Pesepdopga (1906 T.)
r * Pezepdopa «BombGapomposans
P \ O-4acTULIAMW 30710TYIO QONLMY
- ! W HABNIOAN 33 CBEMEHNEM 3K-
P | paHa
:::::::::ﬁu-__
E ________ g " ’\# o-yacTvua — sinpa He
y s
] » ,,’ V, = 20 000 kv/c
AKMIUBHOE L
(Euecurfm lo.rm"{a/: ,\ mu = 8000 me
o-NacniuL) hoanea PR
L0 = [Tpyu noNagaHuK o-4acTrLbl

N IKPan,
ROKpbiHIbU Ha 3KpaH BO3HUKAET CBeHe-

JIOMUHECHEHMHBUY

cioem (ceemumed Hwe NOMUHECLIEHTHOO C/10oA

npu yodpax o-wacminy)

Habmopenma u3 onuita

~ BONbLUKMHCTBO O-4YaCTULL MPONETaeT CKBO3b (hONbIY HE OTKIIOHSSICh
~ HebOMbLLIOE KOJ-BO O-4aCTIL, OTKIIOHAETCA HA HEOONbLLME YTTibl

— €CTb O-4aCTVILibl, OTKMOHSAIOLLMECS OT Ponbrv Ha YTkl Bonee 90°

2) BbiBOAK M3 ONbITA MNnanerapHasn

Bcsi Macca atoma CKOHUEHTPUPOBaHA B SRS SN

O4eHb Marion 06iacTM NPOCTPaHCTBa — B, 18
-, © ~—_anexmpon (-)

aTtoMHOM sOpe (O's| ~10-2 10" CM), KO- - ’ \ Tapawwaerca
TOPOe COAEPXVT BECh MONKUTENBHBIN [ ®. ‘, v
3ap¢,'-uj' aroma. BOprr ﬂ'[lpa |'|DJ106H0 nna- Ay = Fo OO UMEALHE

“ 7 IAPAMEHHDE

HeTe 0BPaLLAETCA BNEKTPOH S~ po
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(@ nocTynATbl BOPA

I ATOM MOXET HAXOIMTHCA B OCOBbIX KBAHTOBbIX CTALIMOHAPHBLIX COCTOSIHUAX,
KepkAOMY 112 KOTOPbIX COOTBETCTBYET CBOS ONpeaeaeHHas aHepris. B atux
COCTOSHUAX aTOM HE M3nyyaeT (M He NOrnoLLaeT) SHERII0

Il Mpwnepexoge atoma 13 ORHOrO CTALIMOHAPHOIO COCTOSIHAS B APYTOE OH Mo-
rnoLaeT (wm vanyuaeT) poToH caHeprueithv=E —E (rneE wE — sHep-

MM CTALMOHEPHBIX COCTORHMIA)
NOMIoLLEHe vianyHeHue
hv g n A S L n
“‘;&fé’ 4 2 4
P - v Y 3 P 3
EnJJ/’ ¢ \ 2 E:.JJ/’ 2
E“ 1 ] Em / J} ' v 1

Taknm 06pa3oM KBaHTOBasA TEOPWS OOBLACHAET IMHEMHETOCTL CNEKTPOB

(3® MORENb ATOMA BOAOPOJA NO EOPY

Knacciy, pursiika

ms =
1/’_%\ \ ) i s Ké?
. P 2 2 vi =22 0
] ] 14 e % (1)
\\ I\ @“#@;} I, mOT=K-5 myr
P r
3: \\\ / /"stf
LT e W3 KBaHTOBOW TeOpVM: | mg -V -r=n-h | (2)

h
roe o — NPaBWIo KBaHTOBAHMA Bopa

PeLuas ypaeHeHma, nony4aem:

%32
n--h
WUT. — = aleraen=1.2.3..
PR B0 " K -moez - i "
(r,=510"m)

SHOEEV K- e*m K E
cTaumMoHapHoro —|E= —_—2——50— “acrora v n e
COCTORAHUA 2n°-h doTona h
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@ METOAbI HABJTIOOEHUA U PETUCTPALIMU HACTULY

1. Cyerumk lefirepa {neiicTBME OCHOBAHO Ha YAAPHOI MOHW3ALMK ra3a;
QUKCHPYET TOMNLKO aKT NPONETA HacTULEI)

2. Kamepa Bunecona  (MCMONb3YeTCA NEPECHILLEHHLIV Nap; hHUKCUpYETCs
TPAEKTOPWA NoJeTa 3apSHKEHHOIN HaCTULLb!, BAONb KO-
TOPOW BO3HMKAIOT MOHDI, HA KOTOPbIX KOHAEHCUPYIOT-

CS K2NenbKu XKMaKOCTH)
3. MNy3sipeKOBan (vcnonb3yeTCa NEperpeTan XXUOKOCTL; GUKCUpYET Tpa-
Kamepa EKTOPMIO ABWKEHVIS HACTULIbI, BAOL KOTOPROI 06pa3y-

10TCA NY3LIPLKA NP 3aKUMaHUIA XWOKOCT)

4. ToncrocnoiHas (0BpazoeaHVe CKPLITOro M30BPaKEHNA TPAEKTOPUA,
doToamynbcus KOTOPOE NOSBASIETCS NPK NPOABNEHNN (POTOSMYNE-
o)

(5 PAOMOAKTMBHOCTb

— 1896 r. A. Bekkepenb (dhp.) PaanoakTMBHOCTE —
— M. n 1. Kiopu (¢p.) MCTYCKaHWE Appamm He-
— 3. Peaepdopp (awrn.) KOTOPbIX ANEMEHTOB pas-

JIM4HBIX YacTul,. o-4ac-
ey THLL; SNEKTPOHOB; Y-KBaH-
(B marH. none) TOB (0, ¥ y-n3ny4eHns)

PanvoaKTVBHOS

PamyoakTMBHOCTL CONPOBOXOAETCS NEPEX0oM Sipa
B APYroe COCTORHIE M M3MEHEHEM Er0 NapamMeTpoB

PaguoaktmeHsliA pacnag — pPagvoakTUBHOE nmpespalleHne spep, npo-
WCXOOALLEE CaMOMPOU3BOSILHO

N i
3aKoH PaaMOaKTMBHOrO pacnana No N2 T
T-nepuos_nonypacnana (Bpems, B & =
TEeueHne KOTOPOrO YMCNO Paamoak- Mo+ g
7

TUBHBIX AOEP YMEHBLLIAETCS BABOE) T 3T
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® CTPOEHME SPA

ATOMHOE S1P0 COCTOUT 3 3NeMEHTAPHLIX HaCTUL, —

HYKJIOHOB — MPOTOHBI (D)
—» HEIATPOHDI (1)

MpoTom (p) || 3apsXeH NONOKATENBHO; g, =& =1,6-107'% Kn
macca nokos: m, = 1,6726:10% kr

HewrpoH (n) || HeliTpanbHas YacTULA
maccanokos:m = 1,6749-10 «r

OGosHauenue X — 0B03Ha4eH1E XMMIMHECKORO SNieMEHTa

agpa A — mMaccoBoe ymeno (YMEno HyKNOHOB)
A Z — 3apaposoe 4Mcno (YWMCNo MpOTOHOB)
X COBMafaeT C nopsiakoBbiM HOMEPOM XUMMU-
Z 4ecKoro anemexTa B Tabnmue Mergeneesa
[pumepbi:  1H — 5Aap0 atoma Bogoposa (MPoToH)

4He — A0po atoma resms (c-4acTyua)

233U — anpo usotona ypaka (92 npoToHa, 143 HeltTpoHa)

MsoTonsl — gnpa c oauHakoBbIMM 38paaamu (Z), HO pasHbivmv Maccamm (A)

MzoTonkl ecTh y BCex anemeHToB. BellecTso npeactaenseT coboli cMech
M30TOMNOB B ONpeaeneHHol nponopumn. Ecte crabunbHbie M HeCTabWUNbHLIE
M30TOMbI.

— SPO BOAOPOAa TH ; erousoTonkt: FH (AevTepui), 3 (Tpumuid)

® M-4

M 4
O-pacna,
P A = X 9, He+ - Y

M 0 M
-pacna
B-p A X— e+ Y
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y-manysenne ‘g Ay +y MapameTpbl Anpa

& # HEe M3MEHSIOTCA.
$Apo nepexoauT B opyroe
3HEPreTUYECKOE COCTORHME

@ SHEPIrusl CBA3N ATOMHbIX SAEP

flnepHble CUnbl 04eHb BEMVKW, HO ABNAIOTCA KOPOTKOAEVICTBYIOLLMMI (Leii-
CTBYIOT HA O4YEHb MariblX PaCCTOAHUSIX)

SHeprvia, KoTopas Hy:kHa A8 pacLLienneHns iapa Ha OTAEbHbIE HyKTOHbI (M
Beloensercs npu cbpazoBaHuk Agpa 13 HYKNOHOB), HA3LIBAETCA SHEPruei
CBA3M

E=mc= |AE=Amc’ | — aHeprusa cea3mn

Am =Zm,+ Nm —-M,, | — BRepexr maccel anpa

— Havbonee yCToiumMBE CpeaHVIE spa
— MeHee YCTOMMBbI NErkve U TSHKESbIE

-l

-
-

E
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