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coc~atvralonreft )Ton d = 45' C rOpH3OHTOM. K ~ K O B O  OTHOLII~HHB 

M ~ K C H M ~ ~ ~ H O ~ ~  H M H H U M ~ A ~ H O ~ ~  C H n  I iaTSXeHHEt  HHTH, R p H  KOTOpbIX 

T e n o  n o K o n T c s i  ? M H T ~  napannenma H a m o H H o f i  n n o c K o c T H ,  X O ~ # I H -  

U K s H T  TDeHHR 9 0.20. 

a n a r e  M 2- 1 H a  s ep~exe  (PHC. 3) IIOMBTRM 

x e  c m M ,  n e f t c ~ ~ y m u ~ e  H a  T e n a ,  II nf- 2,0 K r  
y K a x e u  B O ~ M O ) K H O ~  H a n p a m e H u e +  ~3- 

rv lz=  3,O ~r xenua  en c no~ornb~o e e ~ ~ o p o ~ 0 , ~  a,. 
d ,   no C ~ ~ ~ O ~ K T H ~ Y ~ M  ece c u n b l  HB ~ a n p a s n L  

H H ~  n e n x e H H a  K a x n o r o  n 3  T e n  H Sam- 
UIeM Yp(FLBH€'HHB UHHBMHKH, Y ' iHTblBM, 

-C -+ 
VTOJU, I =b,J=(;t. n o n y l r u ~  c n c T e M y  ypae- 





w s a  N 2-5 P a c c ~ o ~ p a ~  nBa cnysea: 

d = 45' 
1. Teno nBnmeTca ' 

PI O,ZO cnygae T ~ K  & r a r  u B noroe . P + R + f + m g ' - 0 .  
r,w =,?, 3 a H a T E e 9. PAEDTA. MOUIHOCTb. 3HEPT'MR 

n p H s e ' R  F = p ~ = y m g c o s ~  a ~ o t  
rP 

~ H H  4 d  COOTBeTCTByeT MBKCHMMbFXB 

3ABqeliHLB CHnbl TDeHHlR lIOKO% H M ~ C R M & I ~ P I O M Y ~ % H B Y ~ H U D  Ca 
u e ~ a x e m n  HATH B COCTOSHIIH EOKOB  me, T ~ K  K ~ K  cuna HBTRXW . 3Aepmfi. n o ~ e a u ~ a n b ~ m  H KRneTnqecKaa 3aepmr~. C B H ~ ~  
mn y p t m i o ~ e m e a e ~ c ~  c y ~ ~ o 0  c s n ~  ~pernra  w c o c ~ a s n r r m e t l  c e ~ s e c ~ o f i  pa6omR H saeprireR ~ e n a .  B ~ ~ H M H O ~  n p e  
nba rsl~ecm ne  ~ e n p a m e a ~ e  neaxeaua (pat. (3) erne no~enuuanb~oi i  H KHH~THS~CKOB ~ ~ e p r u ~ .  n o ~ e a u ~ a n +  

T,,, = p m g c o o d  + mg sind.  saepmsl ynpyro n ~ p ~ w p o e a s i ~ o r o  Tena. 
n-1. 8 73-75, 80, 82-84; n-4.T. 1 ,  % 86-94, 96 - 

00: Jl-5. 4.3; 4.6; 4.9; 4.12; 4.16; 4.18; 4.20; 4.21. 

3 a H II T I e 10.DMHAMMKA. PEUIEHME 3AnAY 

3 a a n T B e 11.3AKOHM OOXPAHEHMR B MEXAHMKE 

34ltoa coxpmetrarr u e x a a ~ s e c ~ o i i  m e p r w .  A B c o n ~ m o  ynpy- 
Y ~ P .  A f k o ~ ~ m o  treynpyrrrii ynap. C o e ~ e c ~ ~ o e  npu~ejienwe 

Pnc. 6 PBc. 7 

2. Teno npurxeTcr peBaoMepmo m a .  B  TOM cnynae 
iearre a u m  6 y n e ~  MHanManMlbtM,  ax mx CBna aamxetr88 
ameunrseeTcr PaaocTbR) Memy C o c ~ a w i o m e B  c a m  ~rxec 
c q t l  TpenRa (PC. 7 

Y - mg sittd -pmpcoSd  . T,"" 
I { * .  O x a r q a ~ e n ~ ~ )  - m a w  e a a a u e a  eernaeam +R~SBCIMMOI ~ O B S T P ~ ~ M P ~  

k. sinat, + P C O S ~  . aapeaaemmhnr 4ma~~ecmx EWE,. @ o p ~ y n ~ ,  nammec?esaao 

Tnpn ~ i a d  - -  C O I ~  
' T ~ q e  $i fm~el~ae MWUWIRW, m x  pabma, MOW 

4 

24 25. 



RCHO n p e n C T B B U T b  ce6e. KBKHe CHnbl  COBepLUBlUT pabcny, HaLl 

XHM T e n O M  H H a  9 T O  H n e T  3 T B  ~ 8 6 0 ~ 8 .  
Y c ~ o e ~ u e  z m c o x i a  c o x p a x i e n u s  ~examsecxof4 anepmu BW 

HenOCTaTOWIO nOHHMalOT, S T 0  OH Cl IPBBennHB A n n  3 6 M w T M X  ycropeuue o n p e n e n r e T c r r  us ypaexemff 
c T e M  H T O ~ ~ K O  B TOM cnpae,  K o r n a  M e i W y  T e n a M H  W- mmamimi P - ng =ma 

3 A J l A q M  
K ~ r f e m q e c ~ a r r  aeepm H u m  ~a 

paboy ~ ~ W T H B  ~ p e n ~ f f  ( ~ a  VW- 
nnreaae e x i y ~ p e m t e 8  meprn~) a Ha y k  
n s v e H u e  ~ o ~ e H m € L n b I i o f i  ~ H ~ P ~ - W H  T e n a ;  

npu npoxomnema nym t B n o n b  ~ e ,  

yBenuveme no e a s t i a n b ~ o k  a n e p r u u ~ e -  
na WEMO mgh6fld. n o s ~ o ~ y  KKHeTii- 

S e C K a S  8RepF€%S H a  paCCTO5XHHR OT HUX- 

aero ssptm IIIIOCS(XSTH pama 

n q R s e r u e H u  na m m x  B woti T o q x e .  B~opoe T e n o  maenti B K, = K, -p my eeosd - mjtsind, 
pow. T a K ,  STO yI 'On biem~XY EIHIRTIIMH C T B ~  p a 8 e H  d = 60°, ti 

Zrj'CTHiTH. Ha KBKOR yran OT BepTMICana OTlmOESTC9  T e n a  n 
.ynapa, e c n ~  ynap a 6 c o n m  ~eynpyrrrtk? = n = 45, n o n y w ~  

34. npu n e H T p a n b n o M  ai5conmo aeynpyz-OM ynape map 
~ 8 ~ ~ 0 8  mf3 0.50 KI' R 2,0 Kr, &lBHraBUlHXCS H a B C T p e  

2'g(Sind+pcosd) ' 

Teno 2 marane H M e e T  noT8Hmh 

anmyuo B A e p M I O  mgfL. ~ H ~ w T  B HUX- 

me% T O ~ K ~  T p a e m o p R H  nepen yaepaM 

.4 



3amureu ~ K O H  CoxpanenHs ukinynbca B rrpo+nwex sa ma , , .. -0 nepemna ~ e p n n  P-K'- K". * K Y A ~  
4 

m e  Bemope V 
m,V = lm, t m , ) ~ !  

.Mcnonb3y~ paeerrcma (CM. p ~ c .  8) 

v ; L'= ~(~-COS)), M - 1500 rr + A A - p-a, c m e e -  

nonygtsu Maa TenoM a qeus t , P&e M ~ L  

m: + 2 n , ~ ,  +tn;eod ~ o p a  uner na .yeenuqeuue mwrs~e- J = arc co$ , p=25? 
(n,  vecrofi M no~e~unenbxoll  sneprurr a a  

~ouoBHnrr H Ha npeononeuue can ~ p &  

Ilpa, n p o f t n a ~ u l  aero~o6Hnerr 
np. pasaoycropenno~ A M X ~ H W H  as apeus t . p a e s  5 = . 
h - S.sind, n o n m  M 

+ ~ c o s ~ ) ;  N-58,7.tQs&r. 

i\ Pac. 8 
3 a s n r B e 13.PABHOMEPHOE aBWEHME IW 

OKPYXHOCTM 
3amme~ SMUOB coxpamenu 

, q W a  8 I I ~ O B M I I ~ X  PB sanpaeneme 
. ; ,  o8- Tens 2 (CM. PEC. 8) Jk~e(hraa a yrnoearr cropocrb. U e n ~ p o c ~ p e ~ u r e n b a o e  ycm- 

-r:;. 2.0 QI - -  . e. BTopofi ~ K O R  H b m ~ f l a  B np~i~eueHuH x plrmprxemm no o* nzv -m,V-(m,+m,)V! 
, Q - 160 n m  8 24-26, 36; n-4. r.1, O 11S117, 122; %S. 

* ' v - 3  KtsMfCma 8.8; (?.lot 6.13; 6.'16; 6.28; 6.33; 6.37; 6.38; 6.43. 
a ,  2 V: "OCne ysdpo 

' ( * .  + m +nr, * (mz -mfr Va. 3 a s s r a e 14. nMHAMMKA, PEWEHME 3AnAq 
I * , ('v2= m j  

28 ' 4 29 
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XNBBeTCEI B PaBHOBeCHK B I'OPK30HTanbHOM llOROXeHHH BepTHKtWIq 

~ o f i  canot, n p n n o m e ~ ~ o f t  x KOHW c ~ e ~ w ~ a m e l t C 5  9 8 C T H  6anm, 

Kos$r&uee~~ TpeHHS MeWy rpy30td H nOBepXlfOCTbl0 CTOne fit 
O , 2  5 .  Kaxo~a B ~ ~ H I H H B  ' C H ~ ~ I  Tpemg, ynepmealorqeit rpys, 

e c n w  cTonnK nenaeT n = 12 O ~ / M H H ?  

5-4. Memarii UHnKHIIJ).C o b p e ~ y . l o r r ~ e L  A A U H O ~ ~  ee; 0.20 M 
nnaaaeT B p y ~ u  Tag, YTO ero 06pa~ynnuas B e p T w K a n w a .  noeep~ 
p ~ y m  H~JIHBBKW c n o f i  Macna n h a c o ~ o R  ft = 0,30 ~ . O n p e n e n w s  
rnnpocram~ecxoe naBneHne H a  nnnaiee oc~oeanue uununnpa. flnoa 
R O C T ~  ~ e n u  j: - 8.9 lo3 lr/u3 ; PTJ? - PI= 13.6.10~ 
nr/v3; Macna - 8 - 0.80. lo3 a / ~  

5-5. A 3 p t p o c ~ a ~ .  3 anon~emba  renreM,  a a s w a a e T  nomMeTKr 

Cff B e p T t f W b H O  B B e p X  K 38 BpeMP t 25 C WTHI ' aeT  B E 0  

TbI 8 ' 50 M. 06behi a3pOCT8T8 V 200 lA3, Mecce 060 
n o m i  H r o n n o n m  m, - 50 gr. Orrpenenu~b cpegalow c w n y  co 
r r p m B n e H u H  8oanyxa. CSBTBB ee ~ e w ~ w x i ~ o i l  OT c~opocm eapo 
maT8. fiOl'I30~~b mJl%ls P4 ' 0,18 KP/M3. BO3LIyXa - I 

= 1,3 m/u3, 

F,,, L -f . &=,,25 -- I 
PUC. 12 Fmw L -ze ' - 

3arruute~ ycnome paswcma c w  
MIA MOMBHTOB nynio ~ Y ~ R O C H ~ ~ J I I , , I I O T & ~  # - l a =  . . ractlllee A Cpwc. 13 1: y 

d - 30° rng Rsia 4 = T 2R. 





. - ua~ etlnaartmea aoaoilZQ -n&+i?i~ _I---- _- _-.-....-_ ___- _ . . 
.c8.1 B~&UUOXBH 'zs43 01: - $ M9118InouU B Jg g , warn na~mdou nrsmnaUou onJau YVOLFI~XBE: 'admuan g *gq ' 

i 
.suow/~x ~'~01: = 7$ ~dgadea 8~38~ mid- wmQ[- 9 BM~ ~O&OLI~ 

-on BH sdgada~ aovuo~w a~aauaotl sinuatfadu~ 
'+q LT~f-'~~g z 2 BHI'I~~LH~~HOX '3/N OOP =A a UOPK)&W 

.a&~oxxdaaou x mwutluadu wdgadaa RWO&B '@an n 0ndg~b.n~ 
-waudau q~~o~xdaaou en mwhBu wdgadao aowo+w YO&~, *- hvuve 
g0U3 B3J.aISUI9UWK 63~~~~88 a q~30mdatiol1. Od~3011ff WH *&j ' ~MHmsd 'HHOXWE ~l%~YJ '€2 R 4 s w E 

'qUOl4nr/JX sz ~4 833WW IZ~H~BUOW 'N&W 0'2 - d 8 
3,o~ = = adthwdama~. ndfi W.LOEW ~J~OH~UII IIJ+~E#H-~W , 

*axoumg e '99'Zt f6V'ZT fS€'ZT !TG*ZT j8Z'ZT !&Z'ZT ~ZZ'ZT (L'ZT 
eo~qu~ht3~0ada~ s~auatfadug 'Pi&8 0'~ ZJQ WH 0~3OdG%3d B~B~L*T'~ 9- :LPPTZZ 6 at'J. *Pw :SEQE 'oZ'ZT 8 Z'V 
+mwn NOLC U~LI '3 00~ ~$0 wn umd.xw~ CBJ aaoumg &- '8ew.x o.sonqmWn aanm&m~ emaaeed~ .~onec -J 
-WE: a 6 62 = b~ adadwdauuua~ ndu a~~nma~u04[8~ 'Z-Q pmie~aoeeg0 *&dame& emm eelrunuo-v *sudem n ereo 

-xmy-sraj *8mum-~wog P~XOX~ *satluMrmo enxemed~ *IEU~ 

naqo rssuahrluaa.4 OY~UOX~BH *UWH *YW O'L P~V BE 93~~ ~kmW.t360 ~~m01~f211deamdW 'mh~uaa 'e8~ wltslreN~ 
-nhauaaX smiidam BHauU ~o&s nd~ -1qdL8damaz g0-m OM 
300 LO ~ad~sa n 0'~ = 7 go~nm n 01: - $ ~~ 
oisnemouu ;a s~aurdaz:, gnxilroahnu~rw~a~ gw13ahndUmuRn 'T* , RHOWE 9198CXQ.I 'ZZ e a A * * f e 

MhVUVE . - , ._- '8'ZT !E'ZT !8'i'C :9*TT 1P'TT '9- 'OCt 
- ' - 6TZ 'TOZ-S~T B 'To& 'W !LS-~S '62 "I 'I-T B 'ZW 

'edK&~damaJ, *u&amru aae&3#atlouuwg *xeua+ xRadae& H 
XlhtaoxU~~~ '~8~13~ a U~~UOYY amamuau 'ammxnau aonxododg 
'sHdoa& ~oroah~&a~w-osds~~rcHauow saxamornu ammo- 

.adeUX ~du nrnmHxdaaou rruma-*o 
zols~adau OiSL30HUOU RHO w 'XRJX~UL~H B3&asllC11 4530~aaou 

o .QOEVO%W dru.4 a~enes 5-p a -axn~wxaru on HV WUW? CU@ 'hJo VBL~S~S~ HHHZO~XI MM~OSL 





















3 a H rr T H e 42.SnEKTPORMHAMHKA. PEWEHME 3AilAY 

no~aumse.  saumna pasnena ' 3 n e ~ ~ p o ~ a w e ~ a c ~ ~ '  c0nepxa.r 
3 a n a ' X H  no P a C v e T Y  M a r H H T H b l X  noneR nOCTORHHblX TOKOB, CUJl 

B s a u M o n e f i c T ~ n a  n p o e o m n K o B  c TOKOM. npu p e u t e H K H  =nay no 
SlBJleHHK, ~ I ~ ~ K T P O M ~ I X H T H O ~ ~  H H n p U H H  C n e n y e T  IlOMHHTb, q T O ,  X O H  

npnsu~oft B w H m o e e H n s i  3RC HH~YKLIUH B. cnysae n e p e M e m i o r o  

M a r m T H o r o  n o n s i  a s n r r e T c s i  euxpeooe a n e K r p H 9 e c K o . e  none, a B 

C n y l l a e  nBHXeHHZI. R p O B O ~ H K 8  B nOCTO5lHHOM Mar 'HHTHOM n O n e  - 
neac~~rre  na ceo6orm~e sapam c H n N  nope~ua ,  M a T e M a T w e c n a s  

npu pew d aanas ~ e o f i x o n n ~ o  p e ~ b  o n p n e n a ~ b  nanpatii- 
nenue cm, nrtlct;pounx H a  n p o e o m u K n  c TOKOM co CTOPM~I Ma- 

H H T H O r O  n O n R ,  U H t 3 I l p a B ~ e i i H e  UHnyKuHOHHblX TOKOB. 

8 

3 A A A ? M * - '  . w $ .  

. a  
10- 1. ~ ~ P O H O ~ I ~ H K  ~ ~ K H O B  L E. 0.5 M U C O n p O T H B n e H H e M  

R 2,0 Okl p a C I l 0 n O X e l i  B OruIOpOnHOM M a l l f H T H O M  R o l l %  C H l c  

a y ~ n u r f i  B a 0.02 Tn. K a ~ o e  H A n p S X e H H e  npnnomeno K rrppBO+ 

HHKY, ecnu co C T O P O H ~ I  M 3 8 r t i n T H o r o  nons HB H e r o  neacreye~ c H n a  

F e  0.02 H ? B e K ~ o p  0 C O C T a M S C 3 T  C ~ P O B O ~ H K O M  )Ton d I 
60°. 

18-2. P e a ~ ~ H ~ H b l f i  C B M O n e T ,  H M ~ K ) ~ A #  P B 3 M B X  K p b U l b e B  L .a 
50 M I  J l e T H T  r O p U 3 0 H T t l r I b H O  C O  CKOpOCTbiO V ~ O O K M / S . C ~ I -  

W n e n K T b  P a 3 H O C T b  n O T e H L I H B ~ O B l  B 0 3 1 i H K 0 1 0 U ~  M e w  KOHIIBha! 

K p b l J I b e B ,  e C n H  B e p T l r K a n b H a R  COCfnBnRIOUIBR H H ~ ~ U U %  M d t X H T H O ~ O  

n o n R  3 e ~ n ~  pama Be = 5 lCr3 Tn.  

10-3. no n R y M  MeTQnnHVeCKHM C T e P W H R M ,  P W l l O ~ O X e H H b I M  

n a p m r l e n m o  npyr npyry H a  p a c c T o ~ , w u  t? = 0.5 M npyrY ot 

n p v a  n O n  v n 0 M  d m  30' K r O P H 3 0 H T y  U 3 a M K H Y T b l M  npOBO+ 

HAKOM, C K O n h 3 H T  x e n e 3 H b l f i  C T P p X P H b  MBCCOR m = 10 P. QCTB- 

M a  pacnonoxesa H OWOPOIUIOM n e p T H K a n b n o u  none c H n n y m u e B  

B - 0.1 Tn. on pen en^^^, y c T a H o t + w B r u y m c n  C K O P O C T ~  BDHXBHHP 

C T e p X H R ,  e C n H  K ~ ~ @ H ~ I ~ : ~ H T  T P e H H R  ,,u 0,5, a C O I l ~ ~ D ~ e H H B  

K O I i m a  n o C T O R H H 0  H PClDHO R " 0.1 OM. 
10-4. K a ~ y l u ~ a  n u a M e T p o M  d - C, CM. c o n e p m a l n a s a  n 

= 500 B I I T K O ~  M ~ W O R  ~ ~ O D O ~ O K H  C C ~ ~ H H ~  S a 0,4 M M ~ ,  pa- 
n O n O X e H 8  B O j l H O P O ~ O h 4  M a r H H T H O M  IlOnC?, HIinyKUHff K O T O p O r O  H& 

n p a B n e H a  B n O n b  OCH KBTYUIKH H paI5HOMBpHO U3MeHZlC?TCII C O  C X O l  

AS 
p O C T b I 0  - -2 

= 2. 10 Tn/c. K O H U ~ ~  KBT~UIKH 3 8 M I C H y T H  Ha-  * 
KOFOTKO. Orrpenenn~b r e n n o ~ y m  MouwocTb,oblnenalauIymca B K- 

T y m K e .  Ynenb~oe  c o n p o T H s n e H n e  M e n u  j' -. 1,7 10-8 OM.M. 
10-5. ~ ~ ~ K T ~ O M O T O ~  C nOCTORHHbIMH M a I X H T B M H ,  RKJlWlf ' l-  

mft B nenb n o c T o m o r o  T o K a  H e n p u m c w i e M  U = 220 B, paam- 
B a e T  M€WCHMaJlbAylO M O U m O C T b  P' 330 RT. K ~ K ~ R  TOK npO't9- 
RaeT rrpn  TOM no uem? 



3anma I% 10- H ~ U ~ ~ W T H O P  ~arrpnmor~we c n s w o  
c TOKOM, T e x y u l U M  rrrr n p o n O m u K y ,  H @rO L = 0,5 M c o r r p o n t ~ e ~ u e ~  a e x o ~ o ~  OMB V = I R  - . 

!? a 2.6 OM Ha lTpOf30aHK C TOKOM CO CTOPOHbI M B F  

ra B UBMHTHOM none H a  
.------A-A-.,,, I ,,,,,, 

M W ~ T I I O M  none, B ~ a r c a e T  3&l 
-WH E=~Pvsind. .  S Q T O ~ ~ E  - -  - -  - .  

m*io'r-l~~~tw B a ; o a . r y p e ~ r  
0 - 0.1 Tn RP~rc;rv/ 8'- 0.1 OM ,* 1 . L . -  
, U r n  0.5 . R K 

d *  G c M = O , O G M  nOCTOHHHOr0 TOKB 

n - 5.00 P=12R, 
- - -  

wc? TOK B KBTYUIKC? O ~ ~ C ~ O F N ~ H  803- 
S -0.4 1om7&f2 H W K B X I ( ~ ~ R  B H C ~  3nC H H ~ ~ K U Y Y  I 



$mesa M 10-4 I- B anes~pouoTope sne~~p~vecxm Jl-3. ff 1-15; n-4. T.U, 0 1-9; n-5. 9.1; 9.3; 9.4; 

u - 2 2 0 B  - aneprna npeo6paaye~crr ~ ~ C T N Y H O  B .6: 9.10; 9.14; ?. 17. 
aHeprnlo MexasusecKym, a Y ~ C T H Y H O  - 

P, = 330 BT B Tenno~yfo. Mexa~nqec~a~r ~OlrtHoc~b 
8 

P ~ ( I I  -I'R. 3 a H rr T H e 44. KOnEEAHMR. PEUEHME 3ADAq 
, 

+ *' TOR B MoTope OnpenenHeTcR no a a n q  

3 a H R T N e 45. 3nEKTPOMAI'HMTHbIE KOnE6AHMRI * 

rue &, - 3aC U l f K I Y U H U ,  BO3HuKefOuaR B aneKTpoaBHraTene. M 3  
8 m X  UBYX YPBBHBHH~~ IIOnvaeM 

P (U -L ) E ~ .  
R 

n 4 .  8 16-20; n-4. T. U, 8 26-29; .V-5.24-..11;24.16; 

3 a H R T n e 46. ~ E P E M E H H ~ I ~  TOK 

~ ~ R C T B ~ I O I I I H ~  3naqe~n~ ~ a n p a x e ~ n ~  n T O K ~ .  3a~o1i 
Tenepb' Mom10 R&TK aeoBxone~tJR rox  OM^ nna ane~.rpnsecxolt uenw nopeMeHHoro TOKa. npeoBpa3o~a- 

me nepeMemioro ToKa. 
JJ-3, 8 21-25; 26-35; n-4. T.W, 8 152-168;n-5.24.1; 

24.2; 24.3; 24.4; 24.7; 23.56; 24.9; 24.10. 

3 a a a T H e 43. r4EXAHMqECKHE KOIIEEAHMR 
m ~ ~ 1 ( p j s m e  ~ o n e 6 a ~ w  a~nrrlaTcsi OWHM n 3  B ~ I K H ~ R ~ ~ X  

son AwmeHm c nepeMeHHm.4 ycKopenweM, KoToPble A3FamCR 
KWIedaTenb~oe n~urne~ue. Ceodomsle u ~snrymne~uble x m e  typce @mm cpeweP ur~anbt. Ha~bonee npoc~we 83 - r a p  

6a~lm. YC~OBER B O ~ H M K H O B ~ & ~ I  'CBO~ORHM~ ~une6aa~R. M a ~ e ~ a ~ m -  ognmecrrre sonebma. 
(recmr8 uanmnr. Ceobomsre rap~o~~secmre ronedmuras. Liacme , npr peuieuun s ~ o r o  pmnena H ~ ~ B X O ~ U M O  3na~b YPB* 

II nep~on c&omux xone6mnl.' npeapatne~~e srreprw nptr =one- ease rep~oaa~eclrax ~one6arrtlfi. arnrcb~~ammx nonomm~e ~me6- 
barnsix. Pemwmc. B 
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Heo6xqnu~o T A K X e  n O H u M a T b  C M b I C n  @ ~ H Y ~ C K H X  BeIIUSUH, B X O W -  

~ P U ~ U H O ~ ~  B03HUKHOBeHUR r a p M O H U ' l e C K U X  ~one6aasft Tens SIB- 

J l R e T C R  A ~ ~ C T B H ~  C U n b I ,  Be.lHYUHfl KOTOPOR IlpOnUpUHOH€i$lbHB BelTU- 

Y U H e  CMeUIeIIHR.  TO M O X e T  6 b l T b  C B n a  Y n p ) T O C T U  H n u  p a B H W e f t -  

c T e y m m a s  n p y r H x  cun, u M e m m u x  pamuwym npupony. ROmotq 
a a f i a q u  no onpenenemlo nepuono unu s a c T o T b I  ~ o n e 6 m l H t j  q a c T o  

M O r y T  6b1Tb C B e R e H b I  K a I i a n H 3 y  C l m ,  n c f i c ~ ~ y l o u r w x  H a  KQne6J lK)-  

W e e c R  T e n o ,  H K o n p e n e n e a u w ,  ~ o s M u w e s ~ a  n p Q n O p u H O H a J I b H O C T U  

t ~ 0 3 ~ ~ m e a ~ y  X~CTKOCTH 1 ~ e m y  p a m o n e f i c ~ s y w u e f t  CHAOB A 

C M e u e a u e M .  Torna n n ~  onpenenesrrrc nepaona n o c T e T o r H o  ~ o o -  
A O n b 3 0 B a T b C R  $ o p M y n o R  

W C J I e n O B a T e J I b H O ,  

Wo' 
Mnorue 3rtnaw xone6a~enbnoro neuwenua MOW 6mb p+ 

UIeHM C H C I I Q n b 3 0 B a H W e M  3 8 K O H a  COXpQHeHHS a H e p I W H .  n0nllaR Me- 
xanuvec~asi a ~ e p r u a  npu r a p ~ o n H s e c K u x  xonebm~sx cwnawmm- 
ca u3  xuxemqec~oR H nmenuuanbnoR s ~ e p m u  T e n a  

Cnewe~ H M e T b  B ~ u n y ,  PTO M e x a m i q e c x a s i  BFI~PFUSI coxpa- 
~ s r e ~ c a ,  emu C H C T ~ M B  a a ~ m y ~ a  H B ~efi ~ ~ ~ T C T B Y I O T  c u n ~  TPB.. 
rraa. STOM csrygae xone6tWlU H e  n ~ ~ l r m l a r  6 m ~ b  Q B T ~ X ~ ~ M B .  

3 n e ~ ~ p o u a m a ~ ~ b x e  xanebaaus n p e n c T a e n P l o T  codofi m o a n -  
Pecme B ~ M ~ E ~ H H S  38pna. To-, EanpPsma, a t a m e  aneaprr- 
necxoro a ~ m m o r o  none#. Hawdonee .r&o acfpeqtl-- 

C 

.,:. ". - .  _ _I- < - . -. - . .-.. - , . ,  , I.. 
. . .- . . 

. . , ..;. ,@; -- - .- -.. . - " . . - .  - . -.-. .. . 
&SCTOM paccwmpenar B sanavax no STOP T e M e  amaelscs K o n e -  , 
6a~enbabd# K O B T ~ ~ ,  v~~nepxauuR e M K o c T b  C , IIHRYKTHBHOCT~ L x = X , C O S ( W ~  + 4. 
H C O ~ ~ M e H U e  - R . n03~0hfy, H ~ O ~ X O ~ H M O  S e T K O  3 R a T b  IlpUH- Heo6xonu~o T A K X e  I T O H u M a T b  C M b I C n  @ ~ H Y ~ C K H X  BeIIUSUH, B X O W -  uun pe6mb1 ~ o n e 6 a ~ e n b ~ o r o  K o n T y p a  u ~ ~ K O H ~ I ,  o n u c ~ ~ ~ ~ l o m e  ~ 3 * *  

LUXX B 3 T 0  Y P a B H e H U e :  a M n n U T y R b 1  'xo ( C ~ ~ ~ ~ C T B ~ H H O  a W O M -  ' 
Te:lbHfiR B W l l l ' l ~ H a ) ,  u u ~ n u ' l e c ~ o f i  YaCTOTbI  -W . @3b1 - (&t ~ 9 ,  

3 J l e M e H T a X .  nasanb~ofi 4 a s b 1  - \p , u y M e T r ,  n p e n c T a R m b  ux H a  rpa4ere 3t).. 

B u c u M o c T r r  c M e u e s u n  x OT n p e M e H u  t . 
~ P U ~ U H O ~ ~  B03HUKHOBeHUR r a P M O H U ' l e C K U X  ~one6aasft T e n a  R B -  

JlReTCR A ~ ~ C T B H ~  C U n b I ,  Be.lMYuHfl KOTOPOR IlpOnUPUHOH€i$lbHB BelTU- 
X ~ ~ C ~ X  KoJI&€IHH&. ~ P U  MaAbIX aKTUBHbIX C O n p O T i i B n e H H R X  n€- 

Y U H e  CMeUIeIIHR.  TO M O X e T  6 b l T b  C B n a  YIIP)TOCTW H n u  p a ~ ~ w e f t -  
pROn C B O ~ O N ~ I X  xone6anuR B KOHTy'pe O n U C b I B a e T C S  t$~pM$Tofl c T e y m m a s  n p y r H x  cun, u M e m m u x  pamuwym npupony. ROmotq 

a a f i a q u  no onpenenemlo nepuono unu s a c T o T b I  ~ o n e 6 m l U t j  q a c T o  T=ZJ~W. 
M O r y T  6b1Tb C B e R e H b I  K a I i a n H 3 y  C l m ,  n c f i c ~ ~ y l o u r w x  H a  KQne6J lK)-  

~ e e c ~  ~ e n o ,  H K o n p e n e n e a u w ,  ~ 0 3 M u w e ~ ~ a  n p Q n o p u ~ o ~ a n b ~ o c m i  l l p ~  peure~uu senas no ~ e ~ e  " n e p e ~ e n ~ ~ f i  a n e ~ ~ p u ~ e c m i i  
t K O ~ ~ H ~ ~ H T ~  X~CTKOCTH 1 ~ e m y  p a m o n e f i c ~ s y w u e f t  CHAOB A 

C M e u e a u e ~ .  Torna n n ~  onpenenesrrrc nepaona n o c T e T o r H o  ~ o o -  
A O n b 3 0 B a T b C R  $ o p M y n o R  

MOHHYeCKHX K W ~ ~ ~ H U R  3 T 0  ) ' p a B H e H H e  RpUBOnWTCR K y p 8 B H e m K )  

W R  UpOeICUUH H a  JlHHWIO, D D O n b  KOT0pOft  C O B e p U I e e T C R  X o J l e 6 8 H H e  

Z 
aX=-wox, rne o o - g ,  

H CJIeLIOBaTeJIbHO, 

11-1. K ~ e ~ e c o ~ o &  npyxuae n o n s e r r r e H  rpys ~ a c c o B  m = - 25 r. Onpenena~b nepuon ~ o n e 6 a ~ u t  rpyaa, ecnw npymna yn- 
Mnorue 3rtnaw x 0 n e 6 a T e n b n 0 r o  neuwenua MOW 6mb p+ mxs-s H a  A€'= 2,0 c M  non n e t t c ~ ~ u e ~  cunbr F =  0,15 H. 

u e s M  c U C I I Q ~ ~ ~ O B ~ H U ~ M  3 8 K O H a  C o X p m e H u s  aseprwa. n o n ~ a ~  ~ e -  1 1-2. B m+re ~ o n e 6 n e ~ c r r  ~ a ~ e ~ a m . r e c ~ u B  M ~ R T H U X  c 
xanuvec~asi a ~ e p r u a  npu r a p ~ o n ~ s e c ~ u x  x o n w ~ m ~ s x  cwnawmm- m m o ~  HHTA 8 = 1,2 M. q e ~ y  paws nepwon ~ o n e 6 a ~ u R  M ~ T -  

ca u3  x u x e m 9 e C K O R  H n m e n u W a n b n o R  s ~ e p m u  Tens 

mV2 r(z2. E = K + f l r = -  +- 
2 2 

Cnenye~ H M e T b  B ~ u n y ,  PTO M e x a m i q e c x a s i  BFI~PFUSI coxpa- 
~ s r e ~ c a ,  emu C H C T ~ M B  a a ~ m y ~ a  H B ~efi ~ ~ ~ T C T B Y I O T  c u n ~  TPB.. 
HBH. S T O M  C v a e  K O J t e 6 t W l U  H e  ROJlrmlbl 6 b l ~ b  3BTyXa-me  

3 n e ~ ~ p o u a m a ~ ~ b x e  xanebaaus n p e n c T a e n P l o T  codofi m o a n -  
PecxEe u 3 ~ e ~ e H H a  38pna. To-, EanpPsma, a t a m e  aneaprr- 
necxoro a ~ m m o r o  none#. Hawdonee .r&o acfpeqtlm- 

n e p e M e m i o r o  T o K a  ( a s n e ~ u e  s n e x ~ p o h m r s u ~ x i o f i  H H ~ ~ ~ I I I I H )  H cro 
npeotjpaaoeanurr. HeoBxon~~o  n o s u M a T b  B e n m u H b I ,  x a $ a K T e p u 3 Y  IO- 
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3 a H a T U e 5 2 .  BOnHOBbIE CBO~CTBA CBETA 

3 a H a T u e 5 3 .  KBAHTOBbiE CBO~~CTBA CBETA 
6 

' -  3 e H II T u e 54. OI1TMKA. PEUEHME 3ADAY 

. @ o K y c  n u ~ 3 b ;  unu s e p ~ a n a  u U ~ O ~ ~ A X ~ H U S I  M o r y T  B ~ I T ~  mi 
MbIMU. B 3TUX CJlYqDRX COOTB€?'$CTBYIOU%?e PaCCTORHHR C'IUTBHYTC? 

? 
I. O T p U X l a T W b H b I b f U  K Q o p ~ y n a  3nITUCbIRaeTCR l3 B U n e  

4 4 -  4 +& 
---_-I 

d f F 
( a 3 0 6 p a x e ~ ~ e  u $ o ~ y c  ~ ~ u ~ b i e t  .I : 

i 

unn ., 4 
/ 4 4  

T - T = F '  ($OKYC ~ ~ ~ ~ c T B u T B ~ ~ H ~ I ~ ,  u~obpaxe -  
H H e  MHU~~O?.?)  

Ecnu U 3  YCJlOBUR 3 a n a Y U  H e U J B e C T H O ,  RBJlReTCH nu ~306p&-  
X e H U e  UnU &KYC ~ ~ ~ ~ c T B u T ~ J I ~ H ~ I M  nu60 M H U M B M ,  T O  B C e  W I e H b l  

CWiTaIOTCiI  I I o ~ o x u T ~ J ~ ~ H ~ I M u .  P e 3 y I l b r a T b 1  B ~ N U C ~ ~ H H ~ ~  n O K a X y T ,  

n p a B U n b H 0  JlU n b l 6 p ~ H b l  3 H a K U .  n p ~  O T P U U a T e n b H O M  O T B e T e  C O O h  

B e T C T R y I O ~ I O  R e n U Y U H y  C J l e n y e T  C Y M T a T b  MHHMOB. 
npu p e l r r e H u u  a a n a ~  c n e n y e T  T a K m e  u M e T b  B avny, s ro  40- 

KYCHOe PaCCTOZIHUe n U H 3 b l  3aBUCWT H e  T O n b K O  O T  C B O ~ ~ C T B  M a T B -  

puma I T U H ~ ~ I ,  HO u OT CRORCTB o ~ p y m a i o u e f t  cpent.1. T ~ K  nnn ne* 
5X~0BblI lyr tn0f i  JlUH3bI 

HOllleHHIO A ~ C O ~ I O T H O ~ O  n O K a 3 A T e f I R  T I p e n O M n e H H R  M a T e p U 8 I l a  JlHH3bl 

K ~ ~ C O ~ K I T H O M ~  n o ~ a 3 a ~ e n m  n p e n o M n e H H a  o ~ p y x a r o m e f t  c p e n b l .  

B o n ~ o n b l e  n p e n c T a I 1 . l e H H a  o c B e T e  n o n T s e p x n a s o T c s  H a  mu- 
T e  T a K U M U  RRnBtIHHMU. K a K  U H T ~ ~ ~ € ? ~ ~ H U H R  H ~ u ~ P ~ K ~ ! U R .  ~ O ~ ) T O M Y  

p e m e H u s r  H e K o T o p b r x  3 o n a ~  ~ T O ~ O  p a ~ n e n a  o c H o a b r s a m c r r  Ha '  u e ~ -  
KOM nOHHMaHWU 3 T U X  R B I I ~ H U ~ ~ ,  B OCHORe KOTOPbIX I l e X H T  ItpHHRUII 

Ne3tlBUCUMOCTU ~ ~ ~ ~ C T B H H  CBeTOBbIX nyyeR. M 3  s e r O  C n e n y e T ,  ' I T 0  

B 3aBWCUMOCTH O T  P a 3 H O C T U  X O n a  n B y X  K O ~ ~ P ~ H T H ~ I X  Jly.lefi BOA- 

H b l  MOI'yT nu60 Y C H n H B a T b ,  nu60 0 c n a b n ~ T b  npyr n p v a .  
OCHOBO~~ K B ~ H T O B ~ J X  ~ ' r p e n c ~ a a n e ~ u f t  o cewe I I B ~ R H ~ T C R  T a X H 8  

h c 
n o n a T H s ,  Ka2i a n e p r u R  mama c a e T a  - h 3 unu - H ero HM- 

h A 
H n u  - hynbc - - A . Ranema, nonaepmawurue H R  on bar^ 

C 
K B a H T O B y l o  I l p H p O n y  C B e T a ,  CBR-bI C nOHBTHBMA H M n Y n b C a  H 

3 S e p r H P i .  K 3 T U M  HRJleHH5lM OTHOCSITCII ( ~ O T G ~ @ + ~ K T  H H a 6 n l ~ ) a ~ e -  

M o e  H a  cmme R a m e l r u e  c s e T a .  



13-1. M 3  C T e K n a  C lTOKa3&3TeReM n p e n o ~ n e ~ u k  n 1.65 
H 3 I ' O T O B ~ e l I a  IInOCKO--BbIIIYKJIaP n K H B a  C p8AAYCOM KPUBU3Hbl R = 
PP 25 CM. H&TH n r i ~ e R ~ o e  y e e n u s e H u e  n p e n M e T a ,  pacnonomclr- 
noro H a  p a c c T o m t i u  a = 60 CM OT u e H T p a  I I H H ~ ~ I  H a  ee ma* 

HMe€tTCSI c4eprisec~aa nonocTh p a n H y c o M  P = 3 , O  CM, sanon- 
H ~ H H ~ R  B O ~ O R .  n o ~ a a a ~ e n h  r r p e n o M n e H n s a  B O ~ I  EZ = 1.33. H a  
n o n o c T b  n a g a l o T  n a p a n n e n m b x e  nysn c B e T a .  Orrpenenn~b panrryc 
C B e T O B O r O  rryr lKa,  K O T O P ~ I ~  WOHUK B IIOnOCTb. 

13-3. C~e~nluanca T o s K a ,  H c x o m i u r a R c s i d H a  r n a ~ ~ o i t  o n T s r e -  

CKO# OCU C O ~ H ~ B K I U ~ ~ ~  nHH3bI  H a  PBCCTOSHHU d 80 C M  OT 

P e H T p t 3  JIKHijbI, I I e p e n B H H y T a  K n H H 3 e  H a  O T p e J O K  0 10 CM. HO 
m K o e  p a c c T o s i e n e  c M e c T u n o c b  ~ ~ 6 p a x e ~ H e  TO.IKH, e C n H  $oxyc~oe 
p a c c T o m e  nawm F = 50 C M ?  

13-4. PY~HHOB~& naaep uJny.IaeT . HMTtyJIbCe ~ = 2 . 0 . 1 0 1 ~  
CBeTOBbIX K B W T O B  C RJ'IKHo# B-bl j\ 694 HM. ~ . I B M ~  P a B I I a  

cpemsm MOUIHOCT~ Bcnb ru IKu  naaepa, ecnu ee N H T e n b H o c T b  T 
= 2.0 1 6  C ?  

13-5. n p H  OCBQm0HHU M e T a I l n a  MOHOXpOMaTHqeCKHM CBeTOM 

W O ~ ~ K T ~ O H M  n p ~ o % e ~ a l o ~  c p o p o c T b  %= 3.10~ M/C. ORPS-. 
n e n H T b  CKOPoCTb  ~ O T O ~ ~ ~ K T P O H O B ,  BbIneTalOIUHX U 3  M e T 8 J l n a  W H  

O C B ~ ~ ~ H H H  aro M C R O X ~ O M B T H ~ ~ C K U M  C B ~ T O M  c ~ a c r n o i  ~a b3 * 
7 1013 I'n bonbme. 





3 a H a T n e 56. ATOMHOE f l a p 0  

Yucno~b le  masenus  B e n n s H H ,  KOTOPbfe  n p n x o n H T c a  H C ~ O I I L ~ .  

3 0 B a T b  n p ~  pewemu + H ~ H S ~ C K H X  3anas. a a n B l o T c a  6onbmeft 4 sa- 
C T b W  I I ~ H ~ J I H X I ~ H H ~ I M H .  ~ O S T O M ~  I lpH IlOJlyW3HRH ' l H C n O B O r 0  O T B e T a  

p e K o M e H n y e T c a  c o 6 n m ~ a ~ b  pan n p a m ,  K o T o p u e  n o M o r y T  ~366- 
X a T b  6 e c n o n e a ~ b l e  3 a T p a T b I  T p y n a  H B p e M e H H .  

1. n p ~  C n O X e H H H  K B ~ ~ Y R T ~ ~ H ~ ' ~ ~ ~ U ~ ~ R X ~ H H ~ I X  ' IHCeJl OKOH- 

r a ~ e I l b H b 1 f l  p e 3 Y n b T a T  O K p y T I I P r o T  T a K ,  ~ ~ 0 6 b i  OH H e  H M e n  3 H a ' I b  

UHX B H ~  B Tex paapsnax, r o T o p h r e  o ~ c y ~ c ~ s y m r  xoTa 6b1 a OR 

HOM H 3  S H C B n .  

H a n p ~ ~ e p ,  rrpu c n o m e H w u  ween 

1,0151 
rrs 5,69772 

p e a y n b ~ a ~  c n e n y e T  o ~ p y r n ~ ~ b  no COT~IX n o n e f t  (TA. n p H H n T b  pan- 
Hb1M 5,70) B COOTBeTCTBHH C KOnHY CTBOM EUia'IaUlHX L I H ~  llOcne 9 aana~ofl, n h i e m u H M c a  B s H c J r e  1,27 ., 

2. n p K  YMHOXeHHH C n e D y e T  0 K p ) T n S T b  COMHOXHTeJlH T a r ,  

~ ~ 0 6 b l  x a ~ b l f t  ma HHX oonepxan C T O ~ ~ K O  3~asau .w~ n ~ + p  (nocne 
a a n a ~ o f i ) ,  cwonbwo HX H M e e T  C o M n o m - r e n b  c H a H M e a b l l l u M  'IWCIIOM 

T a K K X  U A + ~ .  

Harrpn~ep, B M e C T O  BbffHCneHHSI BbIpaXeHUSI  

- - # 

* 
3nasa rmr~~  nat$pam H a s b r s a m r c n  B c e  U H @ ~ ~ I ,  K p o M e  HY- 

na, a T a K x e  H H y n b  B cnpae, K o r D a  OH CTOHT M e x n y  3HH'IaUIHMH 

u ~ @ p ~ r i  K n H  *Hue sucna H K o r a a  H ~ E W X T H ~ ,  STO e n H n H n  corn- 
B e T c T B y r o I p e r o  paspnua B n m o ~  m c n e  H e  t l M e e T c i a  ( A a n p W M e p ,  

B sacne 5,70 nynb aenPeTcs a h a s a m e f t  rrru$poit). 



- 
1 ~ ~ I i ¶ a ~ e J l b H b Z ~  pe3ynbTaT HaRO OXpYr'nHTb UO TBKOrO Xe 

XCUIweCTBa 3Ha'f8IIIHX 9~b. npH IIPOMelKyTo'lHbIX BbI911CJleKHSX 

pe3yJIbTaT PeKOMeHIlyeTCa OKpyrJISTb C COXpaAeAHeM OWOR no- 
. n o n m i ~ e n w o R  a i a s a r n e i i  IXK$P~I. 

3. llpu n e n e r r a u  r r p u 6 m x e ~ ~ r s x  nacen cnenyeT u c n o n w *  
~ a ~ b  Te xe.npasana,  TO u npa ymoxeHaa. 

4. llpu B o s s e n m u  B KewpaT ana ~ y 6  cnenyeT B peaynb- 
TaTe 6 p a ~ b  c r a n b ~ o  wasamux U H + ~ . . C I ( O ~ ~ K O  ax u M e e T c x  B OCHDI 

B ~ K  CTetTeEU. 
2 H a r r p u ~ e p .  1,32 , = 1.74. 

5. npa nsmevexuu KBaqpamoro am ~ y 6 u s e c ~ o r o  ~ o p r r r r  
pe3yIlbTaT CnenyeT OKpVnSTb PO C'lWIbKaX aHaWllIlHX UU$P, CKOJ ' I t i  

- .- 
~ O C T O R H H L M  TXPOTeHKS 

--- .- 
( Q ~ B H T ~ ~ H O H H ~ I S I  nOCT0- 

qgi) 6 6,6720 M3/XT= c2 --- - 
H o p ~ a n b n o e  ~ T M & P  a 
H O ~  uaaneme aTM = 1 0 1 3 2 5 ~ / ~ ~  1.013-105m 

3 a v n  s n e m a  e = 1.602 189. 10-la K n  
-27 

Macca r r p m r s a  m,= 1,672648 10 

Mecca anexvpoxa me- 9,10953-loo3' x r  

. ATOMH~SI em~una ~ e c -  -27 Q. 
C ~ I  ( a . e . ~ . )  = 1 8.e.~. - 1.66 x 10 
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