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?kincii>^i^oir sii^vo^iri
XîLrimile vectoriale sînt supraliniate, cele tensoriale sînt dublu supraliniate, iar cele complexe 

8mt subliniate.
^lirimile locale (micro8copice) mediate volumic in toate punctele clin volumul infinit mic 62c 

V al unui eșantion reprezentativ cle 1^X1, ca ^i cele mediate pe ansamblul elementelor 8tructurale ale 
unei fare componente a 1^ clin V, 8înt marcate deasupra cu 8imbolul

aria activi a plăcilor de conden8Ltor, re8pectiv a electronilor plani, aparpnînd 
celulei de mâ8urare (cu proba cle 1^)

2 
^.v.c 
^.L 
si,bi 
-2^2 
v6 
b 
c,cp

parametrul caracteri8tjc di8tribupei Oole-Oole a timpilor cle relax ape clielectrica 
con8tante cle integrare reale, re8pectiv complexe

lungimile 8emiaxelor mici si mare ale unui steroid alungit, re8pectiv ale altui
sferoid confocal 8i asemenea cu primul
susceptanda capacitiva a celulei cle măsurare (cu proba cle l^-d)
mobilitatea ionica
capacitatea electrici totalL, re8pectiv paranitL, a celulei cle mLsurare (cu proba cle

c 
c^.c^

semidistanp focali a unui sferoid alungit
unitatea locala de lungime pentru un sfewid alungit, respectiv pentru alt sferoid

v 
cl

confocal si asemenea cu primul
inducya electrici locala
distanta clintre armZturile condensatorului plan al celulei de misurare (cu proba de 
l^y '

N
>I
 rn

 m
ic

i. 
8

difuri vi tarea ionici
intensitatea locali a câmpului electric 
rigiditatea dielectrici
versor
excentricitatea sferoidului alungit 
forp lagrangeani
simbolul kuncpei
secvența câmpului electric armonic, respectiv valoarea ei corespunzătoare

^-)max

6 --MA
presiunea electrostatica (în modul)
greutatea masei m de ecbilibrare a balanței analitice din instalația de măsurare a 
permiri vitirii statice efective a l_M

6cj,6o conductantele în paralel ale celulei de măsurare (cu proba de 1^X1) corespunzătoare 
conductivitLtii dielectrice efective, respectiv conductivității obmice efective, de

I

regim aimomc, ale
accelerația gravitaționala
intensitatea locali a câmpului magnetic
amplitudinea complexa a curentului electric (armonica fundamentali) prin celula 
de misurare (cu proba de I^Kl)

H>ll'l2 
^p

funcțiile Lessel modificate de speța întîi ;i ordinul rero, unu, respectiv doi 
momentul principal de inerte al particulei coloidale aniwmetrice 
curentul electric net prin celula conductometrici umpluta cu
componenta de conductie a densiritii superficiale de curent a contraionilor din

I 
L

8VL de tip 8tem 
densitatea locala de volum a curentului electric 
conductivitatea electrica generalizați (complexa)

k 
l^î
I

constanti adimensionali
lickid(e) magnetic(e)
vectorul liniei centrelor a doua particule coloidale sferice (cu 8VL de tip 8tern

^P,8
atacat) adiacente
magnetiratia de saturație a materialului masiv (magnerira) din care provin 
particulele coloidale
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4
momenml de 8elecüe de ordinul Ic pentru o di8tribu^ie 8tati8tica lo§normala 
momentul magnetic permanent al particulei coloidale
den8itatea numerici (de volum) medie
polari rapa
momentul electric dipolar indu8
funcțiile Legendre de prima 8pep (polinoamele l^egendre), re8pectiv de 8pep 3 
doua cu argument de modul 8upraunitar
kuncpa l^eZendre 28ociatL de prima 8pe^a cu argumentul -1 co87) < 1
funcțiile Legendre L8ociate de prima Hi a doua 8peja cu indici pozitivi (1< m r
Hi argument de modul 8upraunitar
8arcina electricL
rara paniculei coloidale 8terice
rara vectoare
8tratul dublu electric (în accepțiune electwcbimica /X12/) atLHLt Lecârei particule 
coloidale
temperatura ab8olutâ
variabila temporali
operatoml de interacțiune electrica dipolara
ten8iunea electricL
volumul infinit mic 6ric al unui eHantion reprezentativ de
volumul din V conpnînd în interiorul 8Lu numai particula coloidalL de referin^

n 
? 
p

?w„(cox7i)

q 

r 
8VL

l' 
t 
^

V

^p^p,med volumul particulei coloidale, în carul 1^1 monodi5per8, respectiv media 
geometrica a unei 8elecpi de valori ale variabilei aleatoare , în carul l^^l 
polidi8per8

VV energia potenpalL
x variabilL aleatoare adimen^onala
V admitan^a complexa a celulei de mL8urare (cu proba de I^^l)

e componenta de difurie a den8itL^ii superticiale de curent a contraionilor din 8VI 
de tip 8tem 
impedanda complexa a celulei de măsurare (cu proba de l_^1)

(x,y,r) 8i§temul de coordonate caneriene
a polarirabilitatea dipolara
p coeficientul adimen8iona1 al polarirabilita^ii dipolare

ungbiul dintre 8i axa (mare) de 8imetrie a particulei coloidale anirometrice
7 ungbiul^dintre vectorii ^2, re8pectiv dintre Hi lj^, re8pecüv

dintre Hi axa (mare) de 8imetrie a particulei coloidale anirometrice 

operatorul diferențial I^aplace
8 gro8imea uniformL a 8VL de tip 8tem atacat particulei coloidale 8kerice
t§ 8 tangenta ungbiului de pierderi dielectrice totale, re8pectiv prin conductie, 
l§ 8^, tg 8^ re8pectiv prin relaxape dielectrica

c permitivitatea ab8oluta
e', e" permitivitatea ab8olutL reala, re8pecnv imaginari
6 ungluul dintre vectorii Hj

ungbiul dintre vectorii 6^ 51 m^

permeabilitatea magnetica
P den8it2tea de 8arcina electricL

8uprafat2 încbi8L
(7 conductivitatea electricL de volum

conductivitatea okmicL efecüvL, de regim armonic, a I^Ivl
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abaterea Standard a variabilei aleatoare ln Vp, în ca^ul polidispers

i timp de relaxare dielectrica
ch potențialul electric scalar
<l> funcția ßlobala cle potential ionic
cp unßbiul cle defara^ âtre curent (armonica fundamentala) Hi ten8iunea 

sinusoidali apbcati la bomele celulei de mis urare (cu proba de I^^l)
cp^ fracțiunea volumici a farei 8U8pendate din 1^1

unZbiul dintre m^ si axa (mare) de simetrie a particulei coloidale anirometrice

co-2?rf pulsapa cîmpului electric armonic

(r,6,<p) 8i8temul de coordonare sferice
(^,rl,^) sistemul de coordonate ale sferoidului alungit
< ... > media statistica, la ecbilibru termic, pe ansamblul cu ordonare orienraționali al 

particulelor coloidale din V

prefixe Indici
anirotropie a

6 perturbare
8

Lxponenp b
a cîmp activ (sau intern) a,b
am anirotropie magnetici uni axiala

(de ordinul întîi) 
d interacțiune dipolara c
e electric
(e),(i) subdomeniile de cîmp din e

exteriorul, respectiv interiorul, particulei 
coloidale tara 8VL de tip 8tem atacai H

1 lanț Iunx de particule i^
m magnetic
8 superficial lc
V volumic
* particula coloidala anirometrica

(sferoidalâ) MV
* operator diferențial bidimensional m

!!,_!_ paralel, respectiv onoxonal, fata de O
axa (mare) de simetrie a paniculei o
coloidale ani^ometrice p

-4, ekect maZnetodielecrric paralel. r
respectiv perpendicular s

v 
r
6

L 
0 
1,2,3

anirotropie magnetica uniaxiala
(de ordinul întîi) 
Lolumann 
benzen 
axa mare, respectiv mica, de 
simetrie a particulei coloidale 
aniromemce 
contraion de pe suprafap 
exterioara a 8 OL de tip 8tem 
particula coloidali cu 8OL de 
tip 8 tem
efect magnetodielectric 
panicule coloidale adiacente în 
cadrul unui lanț 1un§ 
specie de ioni de impuritap din 
mediul licbid de suspensie 
funcpe statistica loxnormala 
efect Mx^vell-V/a§ner 
mediu licbid de suspensie
aer (vid) 
orientaponal 
paniculi coloidala 
mirime relativa (adimensionala) 
8OL de tip 8tern 
frecare vîscoasa 
axa polara a sferei
componenta vectoriala tangențiala 
la o suprafața 
suprafața încinsă 
absenta cîmpului electric 
subdomeniile de cîmp corespun - 
ratoare particulei coloidale, 
8OL de tip 8tem, respectiv 
mediului licbid de suspensie 
particule coloidale adiacente în 
cadrul unui dublet
paralel, respectiv onoZonal, 
fap de axa (mare) de simetrie a 
particulei coloidale ani^omemce

BUPT



innrovudLkL

l_i Stii cts OMO^SNS SU pi-opi-i st-Ltii ^Si-0ML^nst.i SS NU sxiLt.L in 

NLtui-L, ctsoLi-SSS NU LS SUNOLS LukLt.Lnt^S SLI-S LL Li d>L punot.ui 

d^l-is ctsLLupr-L t.smpsi-Lt.ur-i i ior- äs t.opii-s. da ui-MLr-s, clsnumii-SL 

cis Lio^icks MQSnsLiSs SLt.s Lt.r°i dui t.L unor- iiotiicts cis Lint.s2L,

1-spi-S^snt.i nct LULpsnLÜ ooioictLis ui t.r-LLt.Ldri i S os oon^in o ^LLL 

Loiictä. cts pLi-t.iouis ML^nst-ios mono^omsnios, un iiotiicl pu1-t.Lt.0n 

nsmLczns^iS Li un LZSnt, Lt.Ldi i i 2Lnt. < LUN^LSt.Lnt.) LctLondit. iL 

LupnL^Li-L pLnt.i oui si on ooioictLis int.n-un Lt.nLt. monomoisouiLN 

oompLt.iti.ii ou iiotiictui cts ti>L2L.

I_L onSLt.sr-SL pot.snt.i Li ui ui LpiioLt.iv Lot.uLi Li l^di oont-niduis 

^i 0UN03.Lt.SNSL t.ot. mLi Lpn oi'unctLt.L L pnopni St.Ltsi i on ion t"i2ios, 

ctint.ns OLNs in pns^snt-L t.s2L cts ctoot-onLt. Lint. Lt.uctiLt.s» t.sonst,io 

^i sxpsn i msnt.Li , pnop2-tsLäL t Ls sLsoLi-tos . ^osLt.sL ctspi nct 

nsmi^iooit. cts Lt.nuot.ui-L int.snns. L ctst,sl-miiis.t,ä. ^i ) cts ns.t,uns. 

cic>lic:Sii^r-Lt,.i L voi umi ciä., cti msiiLi uni i s ^i svsnt-ULi si s c)!-ctcrnäni

iociLis Li i nt,sl-Lci^i uni s.i s pLr-i,i «cui si crn cicri c»i cts.i s ms.gnst,i c:s, sii ) 

cts Lpscii fi ciui moi sc:ui ar- Li i i c:lii ctui ui cts dL2L, (iii ) cts NLt.ur'L ^i 

^r-oLimsL L^i-Lt,uiui cts LU!-^L<ct,Lnt, st,ci. k^nc)pi-i st,L^i i s si sc^t-r-i c:s 

Lis dt^I LS mocti^iciL in Lc:O!-c1 ciu ctinLmiciL micir-OLt-r-ucit-Ul-LiL L i.d4, 

ciLi-s L^i in^iuSN^Ll,L ^i cts cr Lsnis cts ^Lc:t,Oi-i sxt,sr°ni,

pr-scium ciimpui ML^ns^iS LpiiliLt', t,smpsr-Lt-ur-L, I-S^imui cts iucii-u Li 

i nLt^Li Li.i si dslinc-i c>9i cs ciu st,S. în SONLSSi n^.L, pLi-LMSt-r-ii

si SSi-i-O^i ^i cii S^SSi-ivi Li s pSi-mit.ivii.Lt.SL, SOnctuSt.ivit.Lt.SL

si SSt-l-i SL, r-i ^i cti t.Lt.SL cti si SSt.i-i SL, t.Lnysnt.L un^Iii ui ui cts 

pi si-ctsi-i cli si SSt.r-i SS) Pot. SSNLt.i t.ui i ncti SLt.or-i cts SLÜ t.Lt.s Li 

in ctiVSI-LSis LPÜSLt^ii Lis LSSLt.OI-L.

2ud r-LPOI-t. I-SLt.1-iSt.iv, ^623 cls Vi2SL2L SXSiULiV

SiLLL I_^l SU pLi-t.iSuis SoioictLis cts ML9NSt.it.L sbsO. bs^o^ )» LUL- 

PSNciL^S in PSt.1-oi ^i invsiit-s SU o PSÜSUiL cts LUI-^LSt-LNt. cts t.ip 

LSict oisiS (d»^ ^dtt^ )^dtt--dtt(dtt^ )^-dOOtt).

StLdi i i t.Lt.SL SiNSt.iSL L LSSLt.OI- t^t^ iL Lscti MSNt.LI-SL in oi mp 

JI-LVi t-L^i ONLi LLU MLZNSt.i S NSUNi^O1-M SLt.s Son^sr-i t.2. cts cti- 
MSNLiuniis ^OLI-t.S I-SctULS s^-IOO^) Lis PL1-t.i Sui si O1- cts MLgnst,i t-ä. I

LfiLt.S, pr-LSi.iS, in mi^SLi-s di-o^niLNL.

^tiLdi i i i.Lt.SL Ä9I-S9Lt.i VL LS LLi gUr-L pl-i n StiSMOLOI-d^i L iL

BUPT



s
LUPNL^L^L pLl-i,icuisic>r- cciciciLis L ^nui cis mcriscuis

LM^i5iis cis Lcicl cisic, cLr-s impisciics. Lpr-spi si> SL ^i LZi c»msr-Li-SL 

pLl-di cui si or- sud Lct^iunsL L'si-^slo!" cis Lt-l-Lctfis MLgnst,icL Hi cis 

t.ip VLN cisr- VLLis.
l^st-cclL csL mLi s^icisnt-s. cls Lint,s2L L Ok»i ciu mLZnsî-ii-s. in 

psi-l-ci ^i Lcicl cisic cL sun^Lci-Lni. ssi,s ^SL ctiimicä., ns^iciin^ 

^S2,L1^:(i) pr-scipit,Lr-sL ML^nst-it-si ccriciclLis clin LOiuî.ii LpsLss 

cts LLi-ur-i fsr-ics si t'sr'cLLS, pl"in Lc^iunsL l^i cincxi ctui ui cis Lmoniu 

in sxcss Hi (ii ) sî^Ldi i i 2Ll" SL L^si^icL pr^in L^sc^dî^iL Lpscit^ics. L 

ariciului cisic Is LUpr'Ll'L^L pL!-t.i cui^i cn cciciclLis cis ML9NSt,it,L.

în pr-scssui cis pnscipi^LNs ctiimics. L PLni,i cui si or° cis 

mL^nst-ii-L, supr-L^L^L Lcsst,c»r-L 8S incL!-cL si sct,l-c»nS9Lt,i V p^in 

cksmsscr-d^iL, LiLt,ui-i cis mciscuisis cis LpL, L Lnicniicr- cis 

tiicll-cxii clst,S,-minLn^i cis pot,sn^iLi. ^csst-s LLncini LUpsi-^iciLis 

nsZst-ivs L^r-sg sisct,!-crLi,L^ic c:crnt,r-si oni cis smsni c, )

l^icir-st,L^2. , clst,si-mininci ^Oi-mLi-ss. unui L^r-st. ciudlu sisc:t-l-ic: sLvkl) 

in ^ur-ul t'i snsr-si pL!-t-i l:uis ciOl Oi ctsis ^82, KI 4^.

în t.S!-msnii mscisiuiui §t,s^n-Sr-s.ks.ms si LOL ^2^ , ss pc»st.s 

scispt-s ur-mst-ssr-SL ims^ins sisc:t.i-sc:kimi<^L s. i"s.2si in suLpsnsis clin 

ciONLicisr-st-s :

-cksmssOi-d^i s. Lni sni i sr- cis vi ss.t- Li Lur-l'Lcit.Ln^uI ui ss 

pi-crciucs pr-in i ncispLl-^Lr-SL pLr-^iLis. L ms! sciui si or- cis Lps. clin

Lt,i-Lt,ul int,si-n ttslm^crit.2 cs const-i t.ui s, pi-Lct-ic, pLi-t,s

int-sg!-Lnt,L L Lupr-L^s^si pLr-t.icuisi csisiciLls '

-cc»nt-^Li c>ni i l^Itt ki rinLt.L^i Lint, clispu^i in L^i-Lt-uI sxt,si^n 

ttslmkolt.? (LL!-!), cs clsfins^t-s impr-suns. cu Lll-i pLi7t,sL ccrmpLc1,L 

(L^sr-n) L LO2, cu ^i-csimsL ccnLi clsr-LtDi 1 MLi micL clscit. NL2IL cls 

cur-dur-L L Lupr-L^s^si pLi-t-icuisi cciciclLis ;

-pLl-t,sL cii^u^L L SOL sst,s pi-Lci-ic insxiLt.snt,L, cL ur-MLi-s L 

LpLiL!-iic>l- !-spst,Lt-s (cu LPL cliLt.ilLt,L ^i Lcst,ONL) Lis pr-scipi- 

t,Lt,Uiui kis MLZNSt,it,L.

pr-s2snt,L t.s2L cis scct,c>r-Lt. VLi.s 8t-r-uct-ur-L^L PS cinci cLpit,c1s. 
în cQpits^uî. sini- cls2vcii,Lî.s mcclsis i,sc^sî.ics t^s Lî-ucliu â1 

poi Li" i 2Li" i i Li.Lî,ics L i^l^i cu pLni-icuis ccici^lLis i 2cmsî,r"i cs, 

l"^TPscr.iv Lni 2cmsî-!-i cs. i*lLi inî,ii, sinî, pr-opuss, in dL2L unși! 

i nî.sr" pi" sî,Ll" i mi cr-SLcopi cs LclscvLi,s, clsi^ini^-ii ccmpLî,idiis,

^^o^s^ics. ^i sxpS!"imsnî.LiL, Lis psr°mi 1-ivi 1,L^.ii sî,Li,ics st"scî,ivs L 
în ccnt,inuLi-s, ss LeuciiL2L t,soi-st,ic poiL!°i2Ll-SL Li.Lt,ic.L L i.^i
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pk? mo^sliul LlLl-smsloi- oololclLls moilo^l Lpsi-Ls ooilt^l ill ilcl pLi-t,lcu1s 

Ll..!Lpk?rlcijLl.S L^si-los cu ^l t^Li-L LOL c^s t-lp Lt^sr-il Lt,LLLt,. /^osLt, 

mocilsl ^SOl-sllo LS Sxt,lilclS, Lpol , lL Ol^ pol l cll LPSI-LS Pi-l il 

COIlLl citSI-LI-SL cll Lt,i-l du^l sl cll MSilLl oilLl S, ooilt'oi-m UNSÎ fuilO^ll 

Lt.Lt,lLl.lcs 10JilOi-MLl S, L PLI-t,l orul sl or- oololclLls Lk'si-lcs.

OoruL Llî,S moclsls l.soi-st,lcs Liill-, äs LLSMSilSL, câs^vol t,Lt,s <is 

Llu^oi- pSilt..r-lu L^r^cälrul MSOLill LMiul lul câs polLi-l2Li-S Lt,Ll,loL ols t,lp 

or-l Sill-L^l oilLl L Od4 moilocZl Lpsr-Ls ou L^i-syLt-s oololc^Lls Llmpls, 

foi-mL^S cllil cl^drlsl.s, i-SLpsct,lv lLiltflli-l i-l^lcils lr^il^l, äs pLi-t,lcu1s 

Ltsi-ics L^lLPSIlclLt,S.

Ls S^SO^^SL2L, lil C Oill, l ilULi-S, Lt,rucll i-il LilLllt,lc In COO!-cäoNLt,S 

Lt"Si-ol cäLl S Ll pol Li-l 2Li-l l Lt,Ll,los L MOIlOÄl Lpsr-LS ooilt^l ill Ilc^

pLi-l-loiuls oololclLls Lill 2omst,l-l OS CU ^l Li-L LOL ^S t,l p Lt,SI°rl 

Ll,LLLt,. ks^rul t,Lt-Sl s t,soi-sl.los Ll ilt, , Lpol, ^SilSi-Ll l 2Ll.S PS!lt,i-U 

pol l cll LPSI-LS ps-lil l Ill,l-O>llucsr-SL fllilol-lsl âs i-SPLI-t,l ^ls Lt,Lt,l Lt,l OL 

l O^NOI-MLl L, os MOclsl SL2L LclSC VLt- äl Ll,I-l dut,l L vol uml OL L

PLI-l-l C^ll Sl Ol- L^ILPSIl^L^S Lill 2OMSl, 1° l OS.

î il i^lilLlrul pr-lmul^l cLplt,ol, SS Lr'L'dä. 02 rerul^L^els 

ealeulade pe bL2L moâelulul ^eors^ic: al polar-lrär-ll spadice a LN 

monoâlspei?ss ou landuri 1unyl âs par^leuls eolOlâals skerles 
sini: consisdenlie c:u âa^els sxpsi-lms^t,Lls (sln^ur-sle ^lLporilblls) 
^^I-ill^Ll-S lil 1 PSIlt.i-^l Clmp^i-l SlSOl,I-OLl.Lt,lOS l ilt,Sil8S .

îil c<irp^LoL^L «? , Liilt^ Lt.ucllLt,s, t,soi-st,lo Ll sxpsi-lmsilt,Ll

pi-opi-l St,Lt,l l s sl SOl.i-OOOill^^ct,OLi-S c!s r-s^lm Lt,Ll.l OilLi- Lls Odl. 

VUP2 06 6Lli6 aâopda^L cls^lill^lL si opsi-L^loilLlL psn^ru eimpul 

6l6c^i?ic: (s^Ltfionar ?i unikorm) âe slads in^ensi1:Ll:s,
coll^ct.l vlt,L^sL s^Sct.lvL L l_!vi ss1:s craleuIa^L ln ipodS2â 

SOlutfisi c:Ol0iâal6 MOnoâisperse, sukicrienL âs âilua^e, eon^in^nâ 
pai?1iioul6 susp6nâa1:6 sLer-iee eu s^ral: S^srn subțire. Un asdksl âs 
oLlo^l L impus, mai in^ii, lilt,Si-pi-st,Lr-sL mlor-oLooploL LâscvLt-L 

L mscâl si vol^imlcs 2 c^SilLl t,Ltfl l loOLlS i-S2Ul t,LIlt,S cts OUi-Silt, 
sl sol-r-lc «lil il ^i, apei, ^s-^sr-mlilLi-sL LCSLt,sl L cälil foi-ML
LLl mp^ot.l CL L fiuilcl-l sl ^l OdLl s cls POt-Sil^l Ll l Oill o .

LxpSi-lMSil^Ll , O' SLt,S clst-si-ml IlLt,L , lil O.L. <^s ^OLI-l,S ^jOLLL 

fi-SCVSil^L Ll lL t,smpSi-Lt,rui-L Lmdl Lilt,L , cr^ Uil COilcliUO l. omsl. i" u 

LpsolLll^L^ t,lp O^-Lsldolcä ci ^Lt,r-lL ). Llilt, OOMPLI-Lt,s, ln 
tinal, I-S2rull-Ll-sls l-soi-sl-los cr^ osls sxpsr-lMSill,Lls, lil OL2lll 

«ill l ULt-S Ll SLt,S Pi-OPUL l^il l ilcll CLt,Oi- ooilcli-lot.omst,l-l o cls CLl l t,Lt,S
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L , psnt.r°u nn>nt.r-cDi ui pr-nnsLuiui ior- cis pr-sp2N2i-s nliiminL.

LlQ/viLsLuL 3 2r-s N2 ndisni. 2N2Ü22 t.snr-st.i nL ^i sxpsr-2. msnt.2i 2 

L r-2LpunLuiui 12 2nt^iuns2 unui ciimp sisnt.r-in 2i-mn>nin ^i

uni^nr-m. vupä. i nt,r-n>ciunsr-s2 nnnnspt.U2i 2 2 nnnciunt-i vi t-Lt^i i

sisnt.r-ins ^snsr-2i i 22t,s d nnmpisxs ) i vs, âspsuâsn^s äs
LrsevsntfL, lcc<o), a i.dl, se sLendusaLL n2inuiui 2nsLt.si2 ^222 

r^nsi i nt.sr-pr-st,2r-i mi nr-NLNN»pi ns 2<isnv2t.s 2. msciisi vniumins 2 

cisnLi t,2t^i i inn2is r-s2ui t.2nt,s 2 nur-snt,uiui sisnt.r-in cis r-s^im 

2r-mnnin pi"in 3s odt^i ns, 2Lt,i^si , s cist^init^is t,snr-st,i N2 2 mâr-i mi i 

nompisxs K(co), L när-si sxpi i ni t,2r-s in N22ui i-di nu p2r-t^inuis 

nninici2is L^sr-ins, nsi nnâr-N2t,s sisnt,r-in ^i ^21-2 3V2 2t.2^2t.»

psr-mit.s L2 Ls svicisnt^is^s i-si2X2t^i2 nlisisn^r-inä. i nt,sr-^2ni 2i 2 cis 

t,ip vsl^xs NOl-sLpun2i2t.O2r-s s1^snt.uiui di2.xwsii-V2.gnsr- in 2nsLt.s i.di.

3s 1,!-2t,S222, 2pni , N22ui gsnsr-2i 2i I^di liON^i ni nci p2!-^iliuis 

liOiOici2is L^si-icis liu L2!-(iin2 sisc:t,r-ic:2 LUpsi-^ic:i2i2 ^i 3H cis i-ip 

3t,sr-n 2t.2^2t,, r-slsvinciu-LS un fsnomsn suplimsnt,2i- cis i-si2X2^is 

ctisiscit,r-ici2, i2 ciLi-s <iOnt,i-i dut^i 2 SLSnt,i2i2 r-svins cü^i^^isi 

supsr-^ic:i2is 2 c:Ont.r-2ioniIOn Lt.r-2t.uiui 3t.sr-n cji n ^jur-ui 

p2r-t.i ciui si vr-.

3t.ucliui 2N2Üt.ili in ci0Or-ciON2t,s L^sr-Oici2is ^i in ^ompisx 2i 

^OMpsr-t-Lnii i.di ^u p2r°t.icnuis 2ni2Omst,nins in nimp sisnt.r-in 2r-mnnin 

Li uni^nr-m nonciuns i2 svi cisnt^i sns2 unui, ^snnmsn Lpsnit'in cis 

r-si2X2t^is ciisi snt.r-iN2 vr-isnt.2t^inn2i2.

Ksi2t,iv i2 t.2n^snt.2 unZiliuiui cis pisncisr-i nlisisnt.i-ins t.ot,2is 

in N22UI LS pl-npuns n» clsi'ini^is sxpsr-imsnt.2i2 ^i LS nlsciuns

sxpr-SLi2 nnmpnnsnt.si cis pisr-cisni pr-in r-sl2X2t^is cii si snt^ x-i «iL

int.sr-^2ni2i2 cis t.ip Osb^s.

^N2Ü22 sxpsr-i msnt.2i 2 2 in nimp sisnt-r^in 2r-mn»nin ^i

uni^nr-m LS S^SNt.US222 in 2ucjin1"l-snvsnts2, nlup2 ns, in Pl-S2i2dii, 

Lint. cisciuLS l'nr-muisis cis sv2iu2r-s pr-sniL2 2 psr-mi t.i vit.2t^ii 

r-si2t.ivs r-S2is s^snt.ivs, L7^ ^i L t.2N9snt.si unghiului cis pisi-cisr-i 

cüsisnt.r-ins t.nt.2is, t.ZL, clin m2Lur-2t.or-i i s s^snt.u2t.S nu un 

i mpsci2nt^mst,r-u t.i p 1"i—3182 ^On92ni2) ^i nu o nsi ui ä cis m2.Lur-2.1-s nu 

nn»ncisnL2.t,nr-. pi2n cis nnnnspt^i s pnopr-i s. L)2t,si s sxpsr-i msnt.2i s 

ndt^inut.s Lint. pr-sisv2t.s in Lpsnt.r-sis ksnt.2isns ^i t.Z<Sc^),

2nsLt.s2 l^iincl i nt.sr-pr-st-2t.s n2i it.2t.i v in t.snmsnii mncisisisr-

t.snr-st.ins cis2vn>i t.2t.s 2nt,sr-in»r- ^i, cis 2LSMsns2, PULS in

nn»r-sLpnn^snt^2 nu i*unn^i2 <Iois-^Inis cis nlsLnr-isr-s smpir-inä 2 
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i-siLXLt-isi di si smi-nims in mL2ui dl^.

în pr-s?sn^L Limuit-LnL 2 mimpuniior- uni^onms, sisrnt-nim ^i 

ML^nsdim, svidsnt^iL^L s^smt-s ML^nst-odi si smt-ni ms mLLUNLdiis, 

LdimL dspsndsntfS Lis PLI-Lmst-Ni i on disisrndnimi sk'smi.ivi Li dw cis 

moduiui vsm t-on ui ui-mi mp ML^nst,im ^i ds dinsmt^iL LmsLt-uiL in 

nLpoi-i ou vsmt-ol-ui-mi mp sisrnt-nio. k^smt-sis MLZnst-odi si smt-n i ms 

in dlvl Lini. Lt-udiLt-s, i-sonst-im ^i sxpsni msnt-Li, in OQ/viLoLuL . 

^Li-t^si , Lini, dsiivoi t-Lt-s dnsi lnodsis t,sonst-ims psnt-nu dsLm^isnsL 

msoLni Lmsi oi" MLgnsdooni snt-Ltfi onLi s cis poi Lni 2ÜLNS Lt.Lt.imL L : 

di) osi Li pLnt.imuisi moioidLis Lni 2omst.ni ms i ndspsndsnt.s, 

dii) osi Li dudlstiulul äs pLnt-imuis moioidLis L^snims, in 

i ni.si-Lä i runs si sm-inomL^nst-i oL Li LdL d modsi di dimsnsionai) ^i 

diii) osi Li iLn^-uiui ni^id iung ds pLni.imuis moioidLis 

Lt sr-i ms.

k^xpsn i msni-Li , Lini. Li.udiLt-s s^smt.sis ML^nst,odi si smt.ni ms 

ooi-sLp^lnii:Li.oLl-s Lt-i t- psi^mi t-i vi i-Lt^i i i-sLi s s^smi-i vs ^i t-LN^snt-si 

run^dirui^i ciis pisi-dsi-i di si smt-ni ms t-ot-Lis, mit- Li 1-i ^i di t-Ltfi i 

diSismt-i-ims s^smi-ivs, Lis monLidsnLt,s.

LQ/DiLoL^r. s sLt-S i-SLSi-VLt- monmill^iiim>i- finLis.

l^^ii.^msLm O-ir^i ^r-oL^. . I ng. Im»LN Os §LdLt,L psnt-i'li

momps^sn^L Lt,i i ni.i l^i mL Li sxi^sni.L mu mLi-s m-L indr-^rmLt- ps 

pLr-mrui-Liui siLdml-Lr-ii t-S2si ds domt-oi-Lt..

d>Iruitf^msLm, t-ot-odst-L» doismi.ivuiui dsnt-nuiui ds dsnmst-Lr-i ds 

tti di-odi nLmi mL Li dLvi t-Ltfi s ^i di mdi ds l^L^nst-i ms, di n msdnui 

Oni vsl-Li t-L^i i Isdni ms li mi LSLi-L, mmnduL ds O-ni i ^mad. I sLN ^nt-sn 

^i vi-.k^iL. dLdiLiLu VsIcLL psnt,r-u Lupm>r-t-ui mLi-sr-isi UMLN

o^sr-i i mu czsnsi-o^i t-Lt-s in ps^iOLdL dmmt-mn-Lnt-Ul-i i .

klxpr-i m muitfUmil-i LpLi-t-s O-ior- m»5". vr-. In^. Tmii Simion, 

k^i-of. vi-. I n^s. vumit-r-u vLdL ^i Or-.k^i^. dsdisiLU VsIcLL, mLi-s m-LU 

ononLi. Lmmspt-ind LL pLi-i-imips mL msmdr-i Li momiLisi ds domt-onLt-.

l^uit-UMSLm, ds LLSMSNSL, o-iui v!-.^i2. donLt.Lnt.in dot-LS, ds 

iL InLi.it-ui.ui ^oiit-sdnim iL^i, psni-i-u ini^isr-SL in Lt-udiui 

sxpSl-i msnt-Li Li pr-op!-i st-Lt-i Ior° ^i psni.i-u !-smomLndLr°i i s

pr-ivind oi-isni-LNSL unoi- msnmsi.Lni din mLdnui doot-onLt-uiui.
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In îult,lmul l-încă, mul^umssti tislsyllsr- cis Is ds^scins cis 

k^L^i ni Llscit-nlcis 2. Onl vsnsl t,â^.I I Istini ns ciln dl -^LpOciL Li. cis lL 

LLd)Or-2t,Onu1 cis Ll scit,nOMS^LnI c:L ^1 i^L^inI Ll scit-r-I cis 2I 

bsl i t^s^ni cil I LscisnLl s ci i. n l^LULLNNS psnt.nru L^j ul-Ol-uI amI ciLl Lc-or-ciLt, 

In fINLll2L!-S2 LtiSLl,Sl lucil-LnI.

Oscir^ Ls^cr cis cisc Lsi^QL msr^ ss L r^s^ ms Ls,

ci^ L^QLr^L^ciLNs cr/sci^L^tns.
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1. i-idnivkK)ir

r»>i ciur» Lecuiri d L's^nc: ^i u^ik^Ok^

pOi Lni 2LI-SL Li.Li.iOL (MLONOLOOpiOL) 2. OiLLsi cls l^lvl OU

ML^nsi-i^Z. in psi.i-Oi ^i LOicl OisiO OL Lun ^LOi.Lni. LS pr-OcluOS OL 

sisOi. mscii u nsi. Li LO^iunii sxsr-Oi i.Li.s cis un Oi mp sisOi.niO 

OONLl.Lni. In i.imp ^i uni^Onm i.n LpLt^iu LLUpi-L 1"L2si LULpsnclLi.s 

(n spi-s^sni-i ncl pLi-i.iOuis OOiOiclLis cis ML9nsi,ii.L OU LOL Li.L^si, 

Lupi-Li's^si lor-) ^i 2 mscliuiui cis LULpsnLis sl-spi-s2:sni.i ncl un 

LMSLi.sO cis nLt.u>-L OnyLniOL clin MOisOuis cls psi.NOi, OLi.sns 

tii cli-OOLr-^ONLi.s Lis moisOuisioi- cis LOicl OisiO OksmoLOr-di i.s la 

Lupr-L^LiL pLi-i.i Oui si Ol- OOiOiclLis Li miOsis cls LLOOi s^i s invsnss 

I^Oi-MLi-s c^i n MOisOuis cls LOici Oi sic: nsLclLOl-di i.s, i L LOSLi. LMSLi.sO

Oi-c^Lnic pul^inclu-LS Lclâu^L, in pr-OOSLui cls pl-spLi-Li-s O^imiOL L i.d4, 

MOisOuis cls i mpul-i i.Ltfi cls NLi.ul-L si SOi.l-Oi i i.i OL Li iOni ns2uit,L^.i 

pl-in cliLOOisNSL LOSLt,OI-L).

în Lin^ur-L iUOI-Ll-S t,SOl-st,iOL l-sisVLNt,L LLUPl-L POi LN i 2!LN i i 

Li.Li.i OS L cls2VOi i.Li, un MOclsi cli si sOi.ni O cli pOi LN

psni.!-u msOLniLmui cls pOi Ll-i 2LNS cls i.ip Oni sni,L^i ONLi Li 

PLI-ii O ui si OI- OOiOiclLis LULpsnclLi.s, LclmiLS iclsni.iOS, OONclUOi.OLNS, 

si i PLOi clLi s , NSi NOLl-OL^S si SOi,Ni O ^i i^LI-L Li-LLLi.. k^Oi LNi 2LNSL

incluLL Lclit.iONLiL L mscliuiui ÜOl-iicl cls LULpsnLis L-L PI-SLUPUL 

uni OI-ML.

lvlOclsiui i,SOi-st.iO clin s<Ii L k'OLi. l-sviLuii. cls Lui,Ol-ui i-sLsi

cls t^L^L Li sxi.inL iL i.kl pOi i cii LPSI-LS pl-in OONLi clsi-Ll-SL

cli Li.i-i dut.i si vOi umi OS <1 OON^Ol-m unși funOi-i i Li.Li.i Li.iOS 

iOYNOl-MLiS ) L PLl-t.i OUi sisr- OOiOiclLis

vLi-Sis SXPSl-i MSNi.Li s l-S^Sl-i i.OLI-S iL POi LI-i 2LNSL Li.Li.iOL L 

clin OiLLL OONLi clsi-Li. L Lini. sxi.l-sm cls r-Ll-S in i i i.si-Li.ui-L cls 

LpsOi Li i i.Lt.s. VLi Oi-i mLLUl-Li.s Li s psl-mi i.i vi t,Ltfi i Li.Li.i OS s^SOi.i vs 

L LOSLl.OI- l^lvl Lini. t^UI-Ni 2Li,S clOL,- in iUOl-Ll-SL .

1.1. Ini^sr-pi-si^LNSL miONOLOOPÎOL L poiLr°i2LNÎi Li.si.iOS

s iiOkiclsiON ms^nsiiOs

Li-ucliui POi LI-i 2LI-i i Li.Li.iOS L clin OiLLL OONLi clsn Li. L nu

LS POLiS s^LOS clSOii, in b>L2L unși clSLOI-iSI-i mi OI-OLOOpi OS LclSOVSi.S.
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Z^Lt,fsi, Ls 2ctmit,s C2

M2t,sni2i clisisct,nic

nspns^int,2 i2 

dst,sn ogsn, compus

LC2N2 miCNOLCOpicä. "N 

clin t,nsi Ludm2t.sni 2i s

cti si sct.ni cs omo^sns ^i i2ot,nops :
- P2r-t,icui2 coioict2Î2 ds M29nst,it,2, ^vî nct o fonmä. Lfsnicä

(nsLpsct,iv Lfsnoi ct2i 2 ) , o psn mi t,i vi t,2t,s conLt,2nt,2 o

cti Lt,n i duî^i s äs L2ncinä. sisct,nic2 LUpsnfici2i2 ^i imodiiä 

2nioniion cdsmosondi t^i ) , cu ctsnsi t,2t,s2 conLt,2nt,2, inctifsnsnt, 

cts pns2snt^2 L2u 2.dLSN^2 cîmpuiui sisct,nic sxt,s!-n-

- LVL ctin ^junui fiscLnsi p2nt,icuis coioici2is, n spn s2snt,i nct

în C22ui CONLÎ ctsn2t,s, cio2i- un Lt,N2t, ^comp2ct, ) Lt.snn, cts

psn mi t,i vi t,2t,s C0NLt,2nt,2 L7 , f2!"2 cti Lt,!"i dut^i S cts L2NCÎN2 In

voiumui L2U, clsiimit,2t, cts ciouä. Lupn2fst^s Lfsnics concsnt,ni cs 

(nSLPSCt,i V, Lfsnoict2is confoc2is Li 2LSMSNS2) 2pnopi2t,s, UN2 , 

2 P2nt,icuisi, Î2N cs2Î2it,2, sxt.snio2N2 ^i Înc2nc2t,2 cu

L2ncin2 ^cont,n2i oni i on ) cts ctsnLit,2t,s p , conLt,2nt,2 cto2n în 

2dLsn1f2 c:împuîui siscit.l-ic:; ÎN LpNOxim2^i2 Li-nLt-uiui St,s!-N Ludt^i- 

r-s, ^!-c»LimS2 2^SLt,^li2 LS NS^Ii^SLLL în LPONî cu r-222 cts CU!-KU!-2 

2 P2i-t,i cul si ccri oi ct2l s, 2cti c2 SP 
- MS^iui iickict cis LULPSNLÎS, cts psnmi t,i vi t,2t,s C0NL^2ni.2

) cu sl smsnt-s mi cr°crLt,!-uct-un2l s i ctsnt,i cs, nspcrl2!-s ^i 

NSÎ NC2.NC2t,S slsct,nic; LS 2ctmi t,s C2 în PNOCSLUÎ POÎ2Ni22Nii 

i,smpoi-2ns 2 int,si-2c^iunils sisct,r-0L^2t.ic:s 2ÎS p2!-t,iculslon 

coloicl2ls cts M2gnst,it,2 cu slsmsnt-sls mid-QLt.^uct,ui-2Îs 2ÎS 

mscliului cts LULpsnLis LÎni, nsLsmni fi C2t,i vs.

psn^!-u 2CSLi,S t,!-si LUll>M2t-S!-i 2Î s cti sl Sct-N i cs CONL^i t.usnt,s 2ÎS

CONLi ctsr-2i,s, LS pot. Î NVOC2 Ul-M2t-O2l-Sl S MSC2NÎ LMS mi CI-OLCCpi CS 

ctS PQl2I-i22!-S Lt,2t,iC2:

(i ) k^isc2ns P2!-I,icul2 colcict2i2 cts M29nst-it,2 ctin t^t^ 

r-spnsLini'L, ÎN f2pt,, UN LiLt,sm ctin2mic cts L2NCÎNÎ sisc^l-ics, 

iipLit, cts mcrmsnt, slsct-r-ic psr-m2nsnt,. Lud 2ct-iuns2 unui cîmp

SÎSCt.!-OL^2t,iC unifor-m, p2!-t,icul2 LS pol 2I"i 2S222 t,SMPOI-2N PN i n 

ctspl2L2NS2 csnt,nului L2NCiNÜC»r- si PO2it,iVS ÎN N2PO!-i. cu csl 2Î 

L2!-ciniIon ns92t.ivs, P2nt,icuî2 ctodî ncti ncl, 2Lt,fsI, UN momsnt.

si scenic mi cncLccpi c i nciuL . smSccrn^s!!r cks POLcrniscrns c/s Lip 

cks/onmcr^ ioncrL ). In csis cs unms222, Ls 2dopt-2 psnt.nu p2ni.icul2 

coioi^2Î2 pol2ni22i-2 în cîmp sisci-noLi,2i.ic uni fonm moctsi ui 

cti poi ui ui si sisct-nic inclus scdiv2isn^,, ioc2ii22î^ în csni,nui si 

^S M2L2 ^i 2VÎ nct MOMSNî,Ui cti poi 2N p ds o 2LSMSNS2 i Nî,SNLi f2î,s, 
p

incit, pot,sntfi2i ui si sc t, n OL t, 2t, ic 2i 2CSLt,Ui cti poi scdiv2isnt, L2
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2Limp^ot,io S^2l oll poi.sn^i2llll di2t,on2t, p2nt,iolllsi ns2ls 

pol 2n i 22t,S , l2 diiLi-2Ni.2 Llli'ioisnt, cis M2NS dis 2OS2Lt,2.

0202 P2nt,iolll2 00I02.di2.I2. LllLPSNdi2t,2 pns^int,2 Limst,nis 

L^snios. Li LS pol2ni2S222 i ndispsndlSni,, 2t-llnoi momSnt-lll si dlipol2!- 

iNdillL SOliiV2lSNi. p^ SLt,S OMOP2N2lsl Li PN opon tf i ON2l Oll oi mplll 

slsoi-nio Lot^iv L2ll int-Snn (Lt,2t,io Li llnifonm) sfsot,iv
p

pol2ni^2ni, 2l P2ni.iolllsi:

P - « ii. 1.1 )
ppp

^20^0Nlll dis pnopont-i 0N2l i i,2i.S « dist^inindi LO2l2Nlll pol 2-
p

ni22kilii.2i.ii Lk2kios diipol2ns 2 p2nkioll1si Li'snioS nsLpsokivs.

1)202 P2ni,iolll2 oo1oidi2l2 PNS2ini,2 diO2N Limsknis 2Xi2l2, 

di2konik2 l^onmsi L2ls Ll"SNoiÄ2ls, 2i.llnoi vsokonii p Li 
p ' p

poLSdiä, in 9SNSN2I, Äinso^ii diii'Snii.s, 2dlioä:

p - a , (11.2)
ppp

pol2ni22ki1 iK2KS2 Lk2kio2 diipol2N2 2 P2ni-ioll1si l^iindi Lpsoi1"i- 

O2t,2 pnin kSNLonlll Limsknio Ot (2ni2oknopi2 pol2ni22ki1ii-2^.ii ). 

d2 llNM2NS, oimplll slsoknio 2okiv Nll nllM2i 02 pol2ni2S22L
p

i.smpon2n dis^onm2^i 0N2l P2i-t,ioll1s1s L^Si-oidi2ls (incllloindi 1ri k'is- 

O2!^s dii ni-r-s s1s oi i-S llN momsi-rt, dii pol 2^ solli V21 sr^t, 

SXS^oii.2 2Lllp^2 1 o^ Li Ollplll1 p X , t-iNdi L2 1s or-isrii-S2s 
'pp â

(oll 2X2 pl-i lioi P21 2 , dis po1 2!-i 22di 1i ^,2t,s M2XiM2, 2 t,SNLO!-ll1 lli ) 

PS dlii-so^i2 1lli, 2diio2 ini.!--o Lt,2r-S opdiori2t,2 in O2I-S snspgiL 

poi sn^i2l2 2 p2!-i,ioll1si Li NZlll2I°S SLt,S mini M2 (MSOQNiSM, <ÄS

poLcrnisQ^s Äs L ip oi^isnLcr^ iondrL ). vsLi^lln , 20S2Lt,2 t,SNdiin^2 dis

s1 sot,l-ool-i snt,2i-s PS dlir-so^i2 oimpllllli 2ot,iv 2 P2i-t,i Olli s1 op

L^Sl-oidi2ls LllLPSNÄ2t^S dii n SLt,S PS!" t,lll-d2i-2 dis 2^ii.2^i2 1or-

i.S!-mi 02.

(ii ) î nt,l-lloi i, L-2 2dlmi L 02, psnt,nll 1.>1 OONLi disr-2t,s, 2t,2-

L2i, P2l-i.ioll1si oo1oidl2ls LllLPSNdi2t,S LS 1"SdillOS, p!-2oi.io, 12 Lt,l°2-

t^lll (oomp20t.) Lt,SI-N, pol 2l-i 22I-S2 2OSLt,lli2 in oi mp s1 soi,n OLt,2t,i o 

llnit'oi-m LS M2NifSLi,2 PN i n diSpl2L2NS2 oont,n 2i oni 1 on diin r^i ,.

disoi , PSN^llNd2I-S2 dii Li,ni dll^i Si LllpSNl^i oi 21S initfi2ls sin 2L?LSN^L 

oimpllllli ) 2 20SLi,0N2 (msocrnism Äs poLQniscrns Äs Lip Äs/onmQ^io- 

ncrL ).

Ts PO2t,S t^ins LS2M2 dis 2OS2Lt,2 pol2I-i22NS dist^on M2^i ON212 2 

Li.N2i.lll lli Tt-SNN 2t-2^2i. p2nt,iolll Si ool oi dl2l s dlS M2^nst,i t.2 diin 1.li 

PN in MOdii1^i O2N S2 OON SLPllN22t,O2N S 2 SXPN SLi si momsnt,lll lli dii pol 2N 
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inLiuL solli V2isnl < p -» P ) ^i p2n1,iouisi. 
p

în oonliNU2NS, SLlS fonmui2l,2 ipols22 Lupi 2. msnl2N 2

Ll2lonil2 ^onisSion Lis 2i,N2O^is si solnoLl2l,i 02 sxsnoil2ls cäs 

L2noinüs fixs c^s ps LUPN2^21^2 P^nliouisi ooioici2is Lis MLZ- 

nsli1,2 2LUPN2 oonln2ioniion 2LOOi 2.1fi , 2OS^li2 NU LS pol oispi2L2 

cisoil în iun^ui LUpn2^s1^si sxlsnio2ns Ll!"2luiui Llsnn, Lud

2o1,iunS2 oomponsnlsi l2N^sn1,i2is 2 oimpuiui sisolnoLl2lio 

2piio2l. Ls sxoiucis, 2Ll1"si, onios inlsn2oi^iuns PN i n Lolli mk ionici 

inlns Lln2lui Llsnn 2l2^2l P2nliouisi ooioiciLis Li mscti ui üollici 

Lis LULPSNLiS ciin ^unui 2OSLlsi2.

i^u LS SXOiULiS, iNL2, poi2Ni22NS2 mulu2i2 2 P2nliouision 

ooioicl2is 2Lii2OSNlS (ou LOL 2l2^2ls) Ll2lonil2 inlsn2o1,iunii ion 

Liipoi2Ns in oimp sisolnoLl2lio unit^onm (2Llio2, inlns momsnlsis 

ion sisolnios Liipoi2NS inLluLS solli V2i snls ). Lsnlnu Lufioisnl

cis LiÜU2ls, 2OSLls inlsn2o1fiuni sisolnoLl2liOS olipoi2NS LS pol 

Ümil2 i2 oludislui Lis PLNliouis OOioiLlLis poi2ni22ls.

Os 2LSMSNSL, LS oonLiäsnä 02 P2nlioui2 ooioici2i2 ^i LlN2lui 

Llsnn 2LOOi2l NU POLSLlL poi2Ni2I2NS NSM2NSN1,2, 2cii 02 (p o«
p"

siii ) Liinci UN M2lsni2i Llisisolnio on92nio nspoi2n, mscii ui 

iiollici Lis LULPSNLiS 2i LS POi2Ni2S222 Ll2lio oon^onm unui 

msoanism, Lks L ip Lks/o^MQiONQL 2PÜO21, sismsnlsion L2is miono- 

Llnuolun2is. în OONLSOin1^2, oi mpui si soln OLl2li o unifonm inLiuos 

in 5"iSO2NS Llinlns 2OSL1-S sismsnls mi ONOLlNUOlUN2i s oils UN momsnl 

si solni o (mi ONOLOOpi o ) Lli poi2N solli V2i snl p^. Ls 2Limi ls 02 

poi2ni22d»iiil2ls2 Ll2lio2 Liipoi2N2 « 2 sismsnlsion mionoLlnuo- 

lUN2is 2is MSLliuiui ÜOlliLi Lis LULPSNLiS ssls OONLl2Nl2, 2Llfsi 02

p - « , ti.i.Z)
m m m ,

uncis Lisl^ins^ls oimpui sisolnio 2oliv (Ll2lio ^i unit^onm)

sfsoliv poi2ni22nl 2i oonLli luSni^i i on sismsnl2ni 2i msLiiuiui cis 

LULPSNLiS. Inlsi-2o1fi uniis SiSOlr-OLl,2liOS LiipOi2NS Liinlns sis- 

msnlsi s mi onoLlnuolun2i s poi2l-i22l,s 2i s mscii ui ui i i Olli Li Lis 
LULPSNLiS Linl NSZi i 2l,i i s.

în Li'ir-^il, in LluLiiui oomponlLnii LiisisolniOS 2 LS i^no- 

N2 S^solsis ci2lon2l,s 2lil mi^02nii si solno^onsli OS in oimp 

sisolnoLl2l,io unii'onm 2 P2nliouision ooioiol2is ou LlN2l Llsnn 

2l,2^2l, oil ^i oun^snii iiolliciuiui c^is LULPSNLiS Lli n ^unui 
P2N li oui si on.
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1.2. psnmifivifsfss Lfsfios sfsofivs s iiokicisior- msgnsfios

k^si-Lmsfi-cii oonLfif^fiv mLoi-oLOopio Li LcipciLS LO^icinii 

pol si-i 2snt..S L oimpcliiui si sofi-OLt-Lfi o lunifonm I I i-spi-s2inî,L psi-mi- 

LcvcLcrLsQ sLcrLcoâ s/soLcc-L , psnfnci L OLNsi i nfi-ociiuosi-s Lcifoncri 

pi-opcins cii-MLfoi-lui pnooscislu cis msciisi-s.

5>s oonLicisi-s. o osiluis. cii si sofi-omsfni os. psnfnci iioiiicis, 

oont^ininci cin ooncisnLsfon cis ms.Llui-s.i-s oci sr-msflui-i pisns, psi-sisis, 

imsi-Lsî,s In doncisnLLfoi-cii pisn si-s ciiLfLN^L ci ciinfi-s si-ms.- 

fcn-i Llufioisnt. cis mi os fsfs. cis cli msnLi luni i s sosLfoi-s. Li sLfs 

pi-svsn^f ocr inși âs yLi-cis psnfi-ci svifLi-ss sfsofiuicii cis msi-gins. 

In sosLfs ooncli^ii, pnin spliosnss cinsi fsnLiluni oonLt-Lnfs fi is 

koi-nsis ooncisnLsfor-ciilui, ps si-ms-fluni i s sosLfluiL i-s^ciifs o cliLfni- 

dcifis cis Lsi-oi ns. sisofnioL iidrsns oci cisnLi i,st,ss Lcipsi-t"i oi si s 

In Lps^irui clint,i-S si-mst-iui-i , iu mp I iui, oru l^d-1, Lt,sd)i I i noliu-LS ^in oi mp 

si soi. i-OL i. st, i o luni^or-m. Vsiosnss msLiunsdiis msonoLOOpi o O/ci s 

sosLi.l.iis posi.s l^i i clsni-iL"i ost,s oiu mocliuiiui msclisi voirumios

L - (s L clV V , <1.2.1 )

L vsâoi-cii lui-ol Mp si soi-1-i o i o»osi (mi oi-OLOOpi o) 2 PS voi umlui

( infinit, mio L^i^io ) V si uniui S^snt,ion i-spi-S2snt,st,iv ols 

voi cim Ll^fi oi snt, cis mi o in i-spoi-t, ou oli msnsi cinss osi iui si 

cii si Sofi-omsi.i-i os, clsi- ooni-ininci cin numsn Lsmni fi ost,i v Lt.st,iLt,io 

cis psi-fi ocii s ooioiclsis cls ms^nst-it-L.

î nt,1"-O i nt,SI-p>-St,SI-S Mi ONOLOOpi os LNsi oczL, VSi OL17SL ms.Llui-Ldi

i L s inciluofisi sisot,^ios in ciint,i-s Li-msfcii-i post,s fi

i clsnfi f i osi s oci mocicii cil mscii si voi lumi os

O -( O ciV)/ V , (i.2.2)

s vsofoi-cil lui inciciotfisi sisot,i-ios iooLis smi oi-OLoopi os ) Ö.

(Ioi-sLplun2Lt,ol- mLi-i mi i oi- mscii i 2 Hi O, POL1.S fi sodii-

vsist, msor-oLoopio oci cin ciisisot,i-io omogsn Li i2ot,nop ^Lt,st,iLt,io ), 

cts psi-mi t,i vi fst,s Lfsfi-os sfsofi vs :

L7-O/2-O/2 (1.2.Z)

f'Snfi-cl OL cisfini^iL fsoi-sfioL (1.2. 2) LL fis opsi-L^.ionLiL, 

L7 LS vs SXPI-iML in flunofi s cis PLI-Lmsfnii fL2Sion oomponsnfs sis 

sciopfi ncici-LS i pot,s2s LcisovLfs psnfnlu pi-opi-i sfsfi I s cii si so-
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Lis LOSLt-Or-L.

k»OiLr-i2L^iL Lt-Lt-iOL (MLO OLOOpi OL ) L LS POLt,S i^i.r-O

cluOs pr"i r2 i s^sSL i s^Li,ur-i i cü r2t,r-s i ncäuOt^i s, i ni,si-lLi t,Lt,s Hi pOi Ll-i- 

2Lt^is, OLI-S, ^inilici LSLML cis (1.2.3), LS LO!"is:

O - 2 > 2-4)

dor^fOr-m LOSLt.si r-si Lt^i i , pol Lr-i LLt^i L sLt.s i r2t.sr-pr-st.Ldi 1L mi 

<^r-OLOopi O pr°i li pr-OOscisui cis mscii sr^s VOi umi OL cis^i r-ü^ i II <1.2.1 )

(1.2.2), LciiOL:

p ciV )k-» ciV2 (12.8)

pl<

uncls LUML LS sxt.in^s LLUPI-L t,Ut,U!-OI-
Ic

OOi oi ciLi s

(OU Lt.r-Li.ui §t.SI-N Lt,LHLt.) <ii n

Hi ur^cis r-spi-s2i r2i,L

Lt.r-Lt.ui §t.sr-ri Lt.LHLt. ) I< ciin

voi umui

VOi umui Ooi oi ciLi s

V.

îr°l d)L2L i POt.S2Si O»- mi Or-oLOOpi OS Lciopt.Lt.s Lr2t.sr-i OI- ,

Li

LS POLt.S

OONLicisr-L OL POlLl-i2L^iL Lt.Lt.iOL mscii s (MLOI-OLOOpiOL ) I-

Osr-rt^ir-rs cisi t.sr-msrii i r^cispsriäsr^^i: 2 , <is.i,O!-L^ mscii ui ui

ÜOt-rici cis LULpsriLis Hi f» » ciLt.or-Lt. pLr-t.iOuisiOr- OoiOiciLis (Ou 

Lt.r-Lt.ui Lt.sr-N Lt.LHLt. ) , cisOi :

(1.2.S)

OU (1.2. T')

pk

OO^for-m i-siLtfisi Lr2t.sr-i 0Lr-S

OLOL LS LliOpt.L mscisi ui

(1.2. S).

OO!-lt,iriuu psrit.r-u msciiui cis

LULPSNLiS, L^UNOi LS POLt.S LO^i S 1 S^sSL POi Ll" i 2LI" i i

MLOr-oLOOpi OS 1i2 Lpr-oximLt^iL iir^iLI-L:
LLis t.smpor-Lr-s

<1.2.S)

ksfsr-it-Oi- iL OOni.r-idu^iL D L pLi-^iOUisiOr- 

Lt,I-Lt,ui L^SI-I-» Lt-LHLt, ) iL pol Ls-i 2LI" SL Li.Li.iOL L , 

POLi-S il^i.SI-p!-si-L MiOr-OLOOpiO OON^or-m MOttisiuiui 

liipOiLI- (1.1.1) ^LU (1.1.2), LLi,fsi OL :

OOioiciLis (OU

LOSLLi-L LS

k- 6V V

k»
p

V ,
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r: s p -V v-( L V- p , (1-2.S)
k V )<pl<

lUNlotS S-L iotsnt.i1"iOLt. I D ÄV--P , Li L-L NOt.Lt. ou n^ OtsNSit.Lt.SL 
V ' p

pk
numsnioL (ots volum) msoti S L pLnt.i oul sl on ooloiotLls, iLN ou

p , momsnt.ul otipolLN inclus p msoti Lt. ps LNSLmdlul pLnt.i oul s lsn 
p p

ooloiotLls oti n volumul (infinit, mio fi^io) V ots l.l^. /^osLsi.L 

msolls LS Sfsot.USL2L oonfonm msoLnioii st.Lt.i si.i OS olLsios LSUPNL 

t.ut.unon oonfi JunLlsi i l on posidils Lls pLnt.i oul sl on ooloiotLls (ou 

Li.ns.i- ^i.snn Lt.LSLt. ) .

^nin oomdinLNSL nslL^iilon Lnt.snioLNs (1.2.3), (1.2.4),

(l.2.6), (1.2.S), (1.2. S) ns2ul t.L, psnt.nu psnmi t.i vi^Lt.sL st.Lt.ioL 

S^Soiivs s sxpnssiL:

^-^-»-N^p/L . (1.2.10)
m p p

Ls. nsoluos otsi.sn mi NLN SL PLN Lmst.n ul ui oonst.i t.ut.i v^ MLON^OLOOpi O lL 
osl oul ul i nonSMSnt.ul ui otislsot.nio st.Lt.io n^ p / L sl 

p p
ii^ nsponi. ou pSnmi t,i vi t,s.t,SL ms^iului cls LULpsriLis niriäul

LS.U, SOSLt. osl oul oompon t,L SVS.l US.NSL momsnt,u1 ui cii pol LN i notus

MSOti u p Ll PLNt,i oul sl Ol- ooloiolLls (ou st.NLt.ul §t.snn Lt.L^Lt. ) cii n

o SXPNSLis ots OLloul Llt.snnst.ivL L psn mi t.i vi t.Ltfi i st.Lt.ios

S^So^i vS L Llvl LS poLt.S od^i ns PNi n Sxt-i notsnSL mootsl ul ui 

oti Sl SOi n i o oli pol LN ^i LLUPNL msoli ul ui l i otli ot ots LULpSNLi s, OSSL 

OS PSNMÜS i nt.snpnst.LNSL mionosoopioL L polLNi2Ltfisi st.Lt.ios 

msoti i L LOSLt.ui L 1nt.n-un moot LNLl 09 ou (1.2.S), Loli oL :

l L // v-( L V-

k p>-

ln NSlLi.iL (1.2.11) LUML SS sxt.inols LLUPNL t.ut.unon

slsmsni-slon mi ONOLt.NUOt.UNLl S POlLNi2Lt.S (ots volum ) Lis

MSl^iului cls suspsnsis olin V, L OLNON otsnsit,Lt.s numsnios (Äs 
volum) msoti S sst.s n^, iLN momsnt.ul olipolLN i notus 

w -
p , i Äsni.i fi OLt. ou ÄV, SS pnssupuns oonst.Lnt. ^i LOSl L^i

m
psnt.nu t^ot^i oonst.i t-usn^i i slsmsni-Lni Li msoti ul ui ots suspsnsis.

"sininÄ SSLML ots NSlLt^iils Lnt.snioLNS (1.2.3), (1.2.4),

(1.2.6), (1.2.S) ^i (1.2.11) ns2ult.L, psnt.nu psnmit.ivit.Lt.SL st.L-

BUPT
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(1. 2. 12)

ro
sfs-:<.1vâ e L l-», o L sxpnssis cis CLl-:uI

L - L7 -»- sn^ P ^N^ P 
S < M M P

Iri t^ar-s LpLl- sxpiiciii, pLr-LMst,i-i i mi c:r-c>Lt,i-u<^ui-Li i Li iL^siOi- 

c:ompc>nsni,s Lis l-d-1.
Lxpsr-imsnt,Li, psr-mi^ivit,Lt,sL Lt,Li,ic:L s^s^t^ivL L ss pOLi.s 

c1si,s!-minL mLLur-inci ^s^-^L nor-mLiL cis Li,!-Lc:tfis ciint,!"s Lr-mLt,ur-i 1 s 

LOncisnLLi-cri-ui ui pi LN imsi-LLi, in ciincl Ls LpiiciL iL doi-nsis

c:c»ncisnLLi,Oi-ui ui i,snLiunsL c:onLi-Lni,L o. Di L pc>2i i,i vui cis MLLUI-LI-S 

^r-opUL LS dL2SL2L PS pninnipiui si s^i,n Omsi,n ui ui L^LOi ui, Li i ui 

lilOMLON (L^ig. 1.2.1). äL^si , -IONclSNLLt.c)!-ui piLN c:ONLicisi-Li, LS

k^i^. 1.2.1. Sc:i-»SML cis pr-indpiu L ^i Lpc>2i t^i vui ui cis 
MLLU!-Lr-S L psi-mi i,i vi i,Lisi i Li,Lt.i^s st"sc:t,i vS L

<cc>mpuns ciin clouL Lr-ML^ur-i (cis cr^si inOxiäs.dii ) cir-ciuiLi-s, pLr-L- 

isis, USL i nl^sr-iOLl-L 1, L'ixL, iLl- ^SL LUpsr-iOLr-L 2, MOdi iL, cis 

ciiLmsi,r-u MLi mic:, pr-svâ.2ui,L, in piLNui si, c:u insiui cis ZLi-ciL 

sxt.si-iOi- 5"ix 2 (cis iLt,ims Lpl-oximLt,iv cis ciouL Oi-i MLi MLr°s cisc^it, 

ciiLt,LntfL ci clint,r-s 2.r-ms.i,ur-i ). ^!-mLt,U!-L msdiis. sLî,s LULpsnclLi-L 

pr-in fir-ui c:snciuc:t,O!- 4 cis unui clin piLt-Lnsis d>LlLnt,si LNLiii,ic:s 

c:u dr-L^s sgLis S.

^piiciinci is. dcrr-nsis nc>ncisnLLi.O^ui ui plan i,snLi unsL c:onLi,Lnt,L 

0 (^ui-ni2i2.^L cis c» LunLL cis inLit-L i,snLiuns ^i MLLUl-Lt,L ciu un

kiivvsi^ms^i-u) , Lr-mL^ur-L Lupsr-ic-Li-L modiiL, cis Li-is SLt,s

L^I-LLL Lpr-S c:sL i n5sr-i OLI-L l^ixL, c:u c> ^O!-t.L IL^I-LN^SLNL D, cis 
MO^ui :

b- 2 . <1.2.1Z)
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l^sLui-si-ss 2^SLt,si si sc:t,r-SLt,2t,i c:s LS f2^S r-S2clucii ncl 2i-M2t,u>-2

LUpsi-i cD2r-2 modiis. in pisnui insiuiui si cls ssi-cls ou 2^ui.oi-ui 

s^sut,si.ii S, cls moclui:

S - mZ , (1.2.14)

OO!-SLPUN22^O2I-S UNSi M2LS M, PULS PS OSi Li Si t, pi St,2N si 

dsisn^Si 2N2Üt,ios psnt,r-u SO di i i dl-21-SS 2OSLt,si2. Oin SS2.1 i t-2t,s2 

I-si2^iiioi- 2nt,si-io2!-s (1.2.12) Li (1.2.14) I-S2ui^2 cls^ini^.i2 sx-

psi-i msnt,si 2 2clopt.2t,2 psnt,i-u psi-mi t,i vi t,2t,s2 Lt,2t,io2 sfsot,iv2 2 2^1

L -(Smg^) (cixu)^. (I.2.1S)

in OLI-S msi-imiis äs M2LUi"2t, Lint, m (-^10 ^l<s) ^i 0 (-^10^V),

Ssomst-i-is oonclsnL2t,oi-ui ui pian (cl^//^) Li 2oosisr-2^i2 s^Lvit,L^iO- 

nsis (s) fiincl äai.S.

vS^i^i^iL sxpsi-imsnt,2is. (1.2. IS) nu nsosLit,2 m2.Lui-s.r-i- 

pi-st-sn^i OSLS cls ospsoi t,st,s sisot,r-ios, clsr- Pr-SLUPUNS clst,si-mi N2I-S2 

iui L7 in Pi-S2snt^2 unui oimp si Scit,!-SLt,2t,i c: !-si2t,i v i nt,SNL 
(—iv^v/m), SV2iU2!-S2 pr-SkiiL2 2 t,snLiunii 1n2it,s u, sxiLt-snts2 

unsi c!2!-2cit,Sr-iLaicii VOit-2MpS!-i^S Üni2!-S 2 cil-ciuit,uiui ciSluisi äs 

M2LU!-2l-S, pr-sc:um ^i 2d>Lsn^-2 inc:2i2i!-ii Li Lt,i-2punssi-ii ciisiscit,!-i- 

c:s 2 pi-odsi cls

Kamins clovsclit, c:L äsL"init^ii 1 s, t,ss!-st,iH2 (1.2.2) ^i sxps- 

i-imsnt,2l2 (1.2.1S), 2is psr-mit,i vit,2^ii Lt,2t,ic:s s1"sc:t,ivs 2 Lint, 

ciompst, j. d)i 1 S. In 2CSLt, L^op, ^O!-^2 cts 2t,!-2c:^iS LS M2i pc»2t-s 

cisiciuis pi-in int,SS!-2i2 cls 2i-is 2 pr-SLiunii sisc:t,i-crLt,2t,ic:s is

i nt^<-?i-f 2t,2 ms^2l-clisiscit,r-ic: 2 2!-M2t,ur-ii pc-2it,i vS MOdiis 2 

c:onclSNL2t.oi-ui ui pl sn imsr-Lst, in 1,l^ ^H)4,K11^:

O 2 / 2 (1.2.1S)

psnt,l^u ^c»r-t,2 NOl-M2i2 SXSI-c:i t,2^2 12 LUPI-2^2^2 ^S 2!°is 2

2I-M2t,ur-Ü MOkiis !-s2uit,2 , 2t,unc:i, moctuiui:

2 - -- O 2 / 2 . (1.2.1V)

du (1.2.1V) In (1.2.12) ^i Dinins LS2M2 cls cls^init,i2 i nt,snLi t-L^ii 

2 2 timpului mscli u m2cir-OLc:c)pic: clin 2K1, Ls sd^-ins:

e- Ö 2 - O 2/ - O 2. IS)

c:SS2 Pi-c>ks222 c:snLiLt,sn^2 cisicri- cäc>u2 cls^ini^ii, t,scrr-st,i^2 ^i 

SXPSI7 i msnt,2i 2, 2i S PSI-mi i.i vi t,2^i i Lt,2t,i c:s S^Sct,i vs 2 2!*1.
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1. Z. st,2t,ic:2 2 lickiâslor- M29nst,ins

c p2i-î,i^u1s ^oioiâ2is i2Omsî,i"iLs

t,sonst,i^ 2! psi2ni22nii Lt,2t,ic:s 2 Ls sfs^flus222 

c:onLi cLsni ncj, mai int.ii, L?22lui simpla 2! runsi x-2nt,i cilul s cioioici2is 

Lin9lui2ns, nsi nci2nc:2t,2 si sct-i-i c: ^i fânâ. 2OL 2t,2^2t., âs fon m2 iunsi 

Lfsns smsgsns cis 1-222 n-k ^i câs psn mi t,i vi i,2t,s Lt,2t,ic:s. , i MSN - 

S2i,2 in ms^iiui 6s LlULpsnLis i2sfnsp ^i smo^sn, 6s psn mi t.i vi t,2fs 

8t,2t,ic:2 L7^ ^i 2fi2i.2 in PNS2SN^.2 timpului siscii-nic: 2^t.iv ^L^2t,ic:

^i uni^Oi-m) Ls LO^siclSi-2 run 8ist,sm cls ^OOr-<2oii2l,s st^sr-icis

Ol-i9iriS2 O iii p2i-t,i ciui si Li 2x2 O2 ^S-0)

s!-isrii,2t,2 in LSNLiui c^imprul iui 2c:i.i v ^i^.i.Z.i).

k^ig.l.Z.i. p2nt,i ciiui 2 c:olsicl2i2
lic^kiicâ c^s LiuLpsnLis ^i 
sisn^nic: 2^t-iv.

Lt'sniciL imsr-L2t,2 in mscâiul
2^l2i.2 in PNS2SN^2 c:i mpui lui

L)2t,Or-it,2 Limst-nisi (2?i mlu^2i s) in n2pOnt, clu 2x2 P0I2N2 O2, 

pOt.sn^i2i lui si sc:t,i-0Ll,2t,i c: sLt.s i n^spsn^snt. cis I clsndi fi c:i nci 

fonmsis 2Limp1-s1.i^s ^psnt-r-lu cliLt,2N^s sufic^isnt, c^s M2ni cls ci:snt,i-lui 

p2nt,i erui si ) 2is poi-sn^-i 2i lui ui Ll2i.sr-2t, psl2i-i22ni i Lt,2i,i c:s 2 

p2nt-ic:lulSi Lfsnicis i ^si n^2i-ci2t,S ) ^i , nsLps^iv, ai s pst,sn^i 2! lui lui 

cii psl ui lui si si s^t,r-i n sci^i V2I sni-, ns2lul t.2 sxpnsLi2 c7.luncnLci:lui,2 
^V2,^i,§2^ a msmsnt-lui lui c1ipoi2n inclus,
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LL 

uncls clsfins^i-S volumul psnvioulsi L^snicrs. 2s ob»LSNVS

^L, in sosLv c:s2, p^ SLvs omopsnslsl ^i pnopon^ionsl ou oimpul 
sciviv 2^. 

p
Vin ocrmpsns^is NSlst..iilon (1.1.1) Li (1.3.1), ns2uiVs pols- 

niLsdilivsvss Lvsvios ciipOis.nL (cis^on mstfi onsl s) L psnviciuisi 

OOioicis.1 S L^SNicHS,

^p^rn (1.3.2)

îuncls OU /3^ S-L novst, crosü oi snvul L-

cli msnLi onsl si sosLvsi polsni2sdilivsvi.

I nvn ociuoi nci (1.3.1), (1.3.2) In cisüni^is vsonsvios s psn- 

mivivivsvii Lvsvios sfsovivs s vl^ (1.2.10), LS od^ins:

s - L p /? k!^ el. <1.3.3)
m p p p * *

runciS L-s vinuv Lssms os n^V -- V nspnsünvs ^nsoviunss volumies 
ppp

L fs^si LULpsnclsvs clin vl^ ^i OS 2^, 2 sini, OMOPLNsisii» invnuoiv 

nsisviv is mLni mi i s msciii p -- p -- cx 2^ si 2, vtt ssvs 
p p p p

solii vsisnv unui clisisovnio omogsn si i^ovnop (LvsviLvio).

2onms sxpÜOit,L s nsis^isi (1.3.3) rispincis cis sxpnssis äs 
OsiO^li L Oimpluiui sisOt,niO LOt,iv (st,st,ic: ^i uniL"Onm) 2^, s1"sOt,iv 

poisni^sni. si üsOsnsis ciin psni-iOuisis OOloicisis LULpsncist-s sis

21 NS2cu1t,s, cis fspü pnin msciisnss timpului sisOdniO ioOSi- 

(mi ONOLOOpi O ) in PUNOt,siS in OLNS LS s1"1 L Osni-nsis cis MSLS sis 

psn^iO^ision OOioicäsis, NSLPSOÜV Osnt-nsis cii poli ion inâu^i SOiii- 
vsisn^i si LOSLt,ONL UNMLNS, 2^ cii^sns, in gsnsnsi , cis

Oimpü msONO8OOpiO 2, ini,n^lOit. LOSLt-s clin UNML ns2^1t.L pnin ms

ciisnss ü mpruiiui lOOsi (miONOLOOpiO ) in t-osi-s pcunOt,sis ciin VOi umlli 

inünü mic: fi^iO V si cii si SOt.ni OÜ ui nspns2snt,st, cis vdlj .
vsc:s Ls scimii.S ipot.S2s simpii 1"iOst-Osns 2^ 2 , nssii^jin-

p
ciU-LS, SLt,fsi , OniOS int-SNSO^iuni SiSO^NOLi-St-iOS sis PLNi,iOUisi0N 

Ooloicisis L^sniOS in LULpsnLis» st-unOi clin (1.3.3) nsLuit-s OU- 

NOLOut,s /ONM.ULL ^cr^/Lsi^-l^crsns^ ^64 , vi , kl 3,13^ psnvnu psnmivivi- 

vsi-ss LvsviOs s unsi LULPSNLÜ cüiusi,s cls psnvic-uis L^sniOs nsin- 

cisncisvs Li pcri sni2Lt,s i nclspsnclsnt,:

- - -"(1- <1.3.4)

!n OONÜNULNS, PSNVNU OSiOUiui OONONSV Li ÜMPuiui siSOt-Nici
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L4-
2o1,i V Zâ -s VL Ul.i1i-L MS<.c>c>L I ui i-OI-SN<-2 Lonfoi-M scss^s-

p

i2, 2^ 1NLUM8222
— olmpul 8l8o1,nio 2^ olin1,i O O2vi 1,21.8 ^^bnioâ. vin1,U2lä.

ol8 volum invinii, mio fi2io, umplu1,2 ou M8cli ul (oon1,inuu) cl8 

LULp8NLi8 cl8 p8nmi 1,i vi 1,21,8 O8N1,N21,2 P8 P2n1,ioul2 ooloicl2lL

2l O2N8i olmp 2o1.iv L8 O2loul8222;
- olmpul 8l8o1,nio 2^ cl2l,on2l, O8lonl2l1,8 P2n1,ioul8 ooloi — 

cl2l8 pol2ni22l,8 clin in1,8nionul Lt*8N8i Ll, n8Lp8o1,iv clipolilon in- 

clu^i 8otli V2l 8n1,i 21 2O8L1.ON2.
1^2 nl nilul L2U, olmpul 8l8o1,nio 2^ L8 OOMPUN8 clin cloi 1-SN- 

. P,L
M8ni 2<li1,ivi: (1) olmpul 8l8o1,nio M8cli u (m20N0L00pio) kl, 08 

8x1s1,2 ln2in1,8 cl8 PN 201,1021-82 O2v1 1,2^1 1 L^8nio8 Ll ^1 (11 ) olm

pul 8l8o1,nio LUpliM8Nl.2N 2^. cl2l,ON2l, 20^1un11 clipolilon Incluzi

8o1li V2l 8nt^i 2l P2n1,i oul 8l on ooloicl2l8 pol 2n i 221,8 lliN2^2N2 O2vi 1,2-

1,ii Ll - 2^. 0 0N8Lpuncl8, ln 1^2p1-, olmpul ul un8i cli Ll,n i dui,i 1 LU-

P8n^1ol2l8 cl8 L2I-oln»1 cj8p ,-L.
N2 2 O2Vl1,2l,1i L^8NlO8 LI (2 vl
olmpul kl^ î clin M8âlul llogici

PO>21,8 LONl8 ^2^:

pol2!-i22l^i 8 cl8 P8 1^2^2 1ll1,8NlO2- 

!1ON M2l2 1 N»1,8N i O2N2 ^Lcä2N ,

^8 LULP8NL18 2l O2vi 1,2lf1 1 LI L8

^-s s D.n - li- ciL / 4ns i-° .
P,L LI ^—^prLl  ̂ m (1.3.S)

uncl8 V8o1,onul ^8 PO>2l1^l8 n 8L1,8 clini ^21, LPN8 O8n1,nul L^8N8i LI, 

i2N pol 2Ni 22.1fi 2 M8cli8 (OON8LPUN221,0»2N8 8xolusiv P2N 1, i oul 8l on

ooloicl2l8 clin 8x1,8nionul lui Ll ) PO»21,8 fi oo»NLicl8N2l,2 OONL1,2N1,2 

ln puno1,8l8 LUPN2^8ls8i fo2n1,8 mi oi LI 2 O2vi 1,2.1, i i L^8NiO8. Vin 

mo1,iv8 cl8 8im8l,ni8, kl^ 881,8 clinici21, clupä. 2X2 pol2N2 2 2 L^8N8i

Ll ^i i n1,8^n2nclul clin (1.Z.S) cl8pi ncl8 num2i cl8 unglii ul 9 cli n1,N8 

N222 V8O1.O2N8 n ^i V8nsonul 8^ 2l 2X8i O2, 2^2O»2N :

2- -- 8 ?» OOLS NOOLS 2/rn^ LinS clS / 47rL7 n^

- -8 ?» I OOL^S cl(oOsS)/ 2^ -- D / , il.2.6^
2 p m p m ,

cl8 un<il8, 1,inlncl L82M2 ^i cl8 (1.2.S),

> n^ p / ZL7 (I . Z. 7" )
p, L p rn p m /

I^2n1,ioul8l8 OOloicl2l8 POl2Ni22l,8 clin in1,8nionul O2Vi1,2l,ii 

Ll"8NiO8 ri, 2vlncl O cli L1,N i dut^i 8 OOMpl8l, cl82ONclON2l,2 cZin O2U22 2- 

Si1,2l,i8i ION 1,8NMiO8, pnocluo ln O8n1,nul L^8N8i LI olmpuni 8l8o1,ni-
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LS

cs cs ss COMPSIISSL^L st.Lt.isi.ic ciin mct.ivs cis simst.i-is, Lst.fsl cL:

, S- 0 , <1.3.S)
p, 2 r ,

ciSss. OS LSmnii'iOä. 2dLsnt^2 ol-ik72nsi c7ons12t^i i 1nt.ns pOLit^iiis ^i 

momsnt.sls Ltipol2ns inctuLs 2.1s p2n t-i Oui sl on c7oiOici2ls Lli n int-snio- 
nul lui L.

'I'ininci LS2M2 äs nsl2tsiils 2nt.sniO2ns cts k72lc7ui (1.3.7') ^i 

(1.3.8), NS2:uIt.2, 111 ciS^init,iv :

2^ - .2 n^ p / 3^ (1.3.S)
p P,L p p rn

c:u (1.3.S) in (1.3. 1 )-(1.3. 3) , LS odt^ins:

p - p->° ^(i- p > 3) , <1.3.10)
p p p m p >- pp

NSLpsc7t.i v

' <1.3.11)

2LiiO2 t.OOM2i /or-muLcr ?/Qxr^s L L-Scr^ns L L ^64,83,^14,13^ psnt-nu psnmi- 

t.i vi t,2t.s2 Lt.2t.ic72 2. unsi LULpsnLÜ ciiiu2t,s cLs p2nt.ic7uls L^sr-lLS 

risi lic:Li-c^2^s, I ri I ri^si-Lci^i lli^s cäi pci»l2r-L Ll adL, L^oi-m^l L pi-Opr^LL 

pSn^i-ru I^l^l 2.!^

<7.Or^or-m lunsi L^^SLt,!! cäiri , In I^r^Lnils ^KI , K2^ L-L s.- 

clop^2<. ^ln c:Imp slsc:^l-ic: 2cit,iv uni^, ci!s t,ip l^snsnt,2, 2t.lt, in N2.- 

ciru P2i^t.icnulsls ^OloiLl2.Is LllLpsncä2t,S, ciit, c:u ^onLt-ît,llsntfii 

slsmsnt.2i-i 2î msclî^Ilii Iî^1-»îci nis LULpsnLls, 2clic:2:

Z -,- P/ ^0°° ^r> ' <1.3.12)

IDin (I.I.I), (I.I.3), (I.Z.I2), !-s2uIt,2 psnt,!-^ psnmit-îvît-L- 

t.-S2 Lt.2t.iLi2 s^sci:t,iv2 2 l^lvl sxpi-SLi2 cts c:2lL:ui 2It.snn2t.iv2 (1.2.12) 

Li ^ONM2 SXPÜLlit.2:

p p-p p
(1.3. 13)

M2i

(1.3. 14)

2Lli^2 SCitQL iQ L7LQi/siits-?7OSLOL L i pSnt.nr^ 2MSLt,SLHLlni di^L^icis cls 

ciislSL:t.nicii nSpOi2ni ^ö4,1°3^ . 22 sxpnimä. O nsi2^is 1nt,ns psnmit,!- 

vit.2t.S2 NSl2t,iV2 Lt.2t.ic72 s1"Sc7t.i V2 , n Spn S2snt.i NLl UN p2N2MSt-NU

c7ONLt.i t.ut.i v M2c7NOLc7OpiO 2I ^i Pc7>l2ni2!2dilit.2.tsils Lt.2t.ik7S äi-

POI2NS (in 2k7SLt, O22I , Lk72i2NS ^i Lls t.ip Lls^ON M2 t^i ON2I )

NSPNS2SNt.i NLi p2N2MSt.Ni mi c7NOLk7Opi Oi 2i k7Si ON LlOU2 t"22S l7OMPONSNt.S
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LL 
LiS l-tt.

1oLt.s k'onmuisls ps^mit.ivi«.L^ü si-st-ics sfsct.ivs L l-« 6säuss 

MLi -u- <1.3.4), <1.3.11) ?i <1.3.14), äivsr--s Lpi-°xi ML<,i i

Lis -impuiui Sl«c:t.i-ic: Lct-iv, ignoi-L SOL cis t-ip Si-si-n ssociLt. 

pLi-i-icuisior- coioiciLls LULpsn<^Lt.s ms^sni-mui sLu spscific <^s 

pslL^i^LI-S St.2t.iS2.

1.3.1. S2LuI p2n^isulsloi- sL^sniss su st^2t. riudlu slsstnis.

L^sst.ul policiispsnsisi

§t.uâiul psi 21-i 22r° i i In si mp si sst.r-sst.2t,i s unik'si-m L cis

t^ip §t,sr-n, 2t.2^2t. p2i-t,i sui si si- ssisi62is L^sr-iss, ss st"sst.us222 

ssnsi cisr-i nci msc^i ui M2t.sr-i2i 2i ssnt-r-2i sni i si- ciin st.r-2t.ui 2t.si-n S2 

un mscliu si sst.r-scii I^ULi v 2sssi2t. supr-2^s^si s^si-iss sxt.si-is2-

r-s (cis 1-222 r--- K-»-<S) 2 st.r-2t.uiui St.sr-n ^i 2^i2t. in sstiiiidr-u 

si sst.r-sst.2t.i s, 2ciis2 in ssnciit^i2 unsi 6snsit.2t.i Liupsi-c:i 2I s cis 

c^lui-snt, nr-il s 2 c:Orit,i-2i Oiiî I vl- c^s I I t-ul s ^L>2, SI , 14^ :

O ' (I.3.1S)

^6s 7^- -p^^i-L-ib <1.Z.1S)

I-SP1-S2I lit-2 ^Omponsi-»t,2 cis ^Oiiciucr^is 2 cisnLit,2^.iI Lupsi-fi^i 2ls 

cis cur-s^t, 2 ^si-»t-r-2iviiiIOi-, moki Iit-2t.s2 Lrupsi-fi c:i212 2

2«-sst,or-2, (91-2^^,^^ -- (S/SS^/(k-»-<S) , 9!-2ciIsri<,uI t,2ii9sn^i2l I2

Llupr-2f2tf2 s^s^icL sxt,si-I O21-2 2 Lt-»-2<,l^I Lt.si-ri, 121- <^> (k-»-<S, s ) ,

pst.sii^i2lul sIsnt,r-L»Lt.2t,ic: Iri luriZ^rl 2c:slsi2^i supr-2^s^s-

q^) il-3

cis^Ir^s^t-s c7cDmpsrisii1,2 cis cii1^ll2is 2 cisiis i t, 2^ i. i. supsr-^i c:i 2I s c^s cru- 

r-srit. 2 c:oiit-i-2iOriilOr-, ^iinci cii 1^21 vit.2t.s2 supsr-^ic:i212 2 2-

c:sst,Oi-2, lc^--I,3îZO'7 xiO (^/K), c:Orist.2lit,2 Iui Sc>I i.2M2liri, 1,

t,smpsr-2t.ur-2 2dsOlut,2. i2r- c^, S2r-^iri2 sisc:t,r-iciL cpO2it.ivL) 2 uiiui 

«:orit,r-2i sri-

Ssricii^i2 ciis scitiilidi-u sis^t,r-ost,2t,ic: (I.3.1S) 1iiss2mri2, 2^2- 

ii2r-, c-OmpsiiS2i-s2 r-s^ipr-s^L 2 cismpsrisn^slsr- cis COriciuc-^is <^s 

2!s ^srisi i,2^ii supsr-i'i^i 2ls âs ^ur^sriî, 2 ^Ori^r-2iSlii ISI- clili 

st,r-2t,ul §t-sr-ri, in pr-s2sn^2 unui simp slsst,r-is st.2i.is ^i unifsr-m. 

Su cisfinit^iils 2N^sr-is2r-s (1.3. 16), (1.3.1'?), 2ss2st,2 ssncii^is
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SS posi-s sxpi-imL ÎI1 fonmL

(X-^ -1^)1 n^N (I. 3. IS)

2oU3^i3 (1.3. IS) LS in^Sg!-s323 i mscli 3t., ur-ni 2il ncl

^kS) - ^b,c» lc^^), (1.3. IS)

3clio3 o i-sp3r-t.it.is cls t.ip öoli-2M3nn 3 clsnLi t.3t^i i Lupsi-^i oi 3l s cls 

L3i-oin3 3 oont.i-3i oni l o>r-, In pi-s2snt^3 timpului sl sot,i-OLt,3t.i o uni - 

^O1-m. în I-SlL^lL 3nt.si-io3.17 3 (1.3. IS), o r'spn S2 i nt. 3 clsNLit.3-

1.SL LUPSI-^ioi3l3 oonLt.3nt.3 2. cliLt.1-ij2Ut.isi cls L31-oiN3 2 oont.r-3- 

ioniloi-, In 2b)LSN^2 olmpul ui slsot.1-OLt.3t.iO.

L>3O3 LS limit,S323 l3 Ol-<linu1 Int.Ii cls^vol t.3I-S3 In Lsi-is 

l^3Ol3UI-in 3 r-SP3I-^I Si Solt.2M3NN (1.3. IS), 1-S2ult.3 3P1-oxi M31-S3 

11 ni 31-3:

" ^°.o ^tk-i-S.S)/ k^l-) -- ^(l-q^<k-«-S.S)X

° ^°.° . (1.3.20)

uncls <5^ -- b)/ lc^l ssmni^ioL psr-t.ur-d>3t^i 3 In clsnsi-

t.3t.s3 LupSi-fi oi 3l 3 cls L3i-oin3 slsot.r-io3 3 oont, 1-3i oni l O1- clin Lt.1-3- 

t.ul ^S!-N Lud 3Ot^i UNS3 oomponsnt-si t-3NgSN^.i 3l S 3 ol mpul ui Sl so- 

i.l-ici: 3oi.i v.

^s ilsiluos, In cuont-iNU3I-S, SXPI-SLI3 momsnLuLui cli/voî.Qi' inclus 

s<7^riuQLsnL crL L iciuLsi cioLoicl^Ls s/s^ic7s ^u sLi'QL ciLa^aL.

cion^oi-m moclslului clin fi^. 1.3.2 , P3i-t,ioul3 L^sr-io3 1, <ls !"323 

l- - Li psr-mi t,i vi t,3t,S Lt-3t,i O3 L7^, POLSclä. 13 LUpr-3^3^3 si UN 

Lt,l-3t, 31.SI-N cls 5"O!-M3 unsi oo^i Li'Sl-ios OONOSN^!-iOS 2, <ls Fs-OLims 

<5 Li cls PS!-Mi t,i vi t-3i,S Lt,3t,iO3 L7^. k^3I-t,i oui 3 ooioicl3l3 OU Lt.!-3t. 

Si-sr-n 3t,3^3t, SLt,s imsi-L3i,3 In mscli ul iiotlill cls LULpsnLis 3, 

cls PSl-Mi 1.i vi t-3t,s Lt,3t-iO3 Li LS 3^13 in pr-S2SNtf3 olmpului
slsoi-r-io 3oi.iv (Lt,2t,io ^i uniform) 2^, clir-i^3t. In lungul 3xsi 

po»2:ii.ivs O2. L>3t,ori-it.3 Limsi-r-isi In i-3por-i, ou 3OS3Lt,3 3x3 (Lims- 

t-l-is 32limu^3l3) LOlut^i3 SOU3^isi I^3pl3OS (In oooi-<lo>N3t,s L^sr-ios) 

PS O31-S o> L3l,iL^3os poi,Sn^i3lul slsoi.i-o)Li.3i.io In oslS i.!-si msclii 

cli sl soi-i-i OS 3nt.snior- cls^ini1,s, omogsns ^i 1^31-3 cli Lt,i-i du^i s volu- 

mio3 cls L3i-oin3, sL^s:
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k^i^. 1-3-2. k^si-^i c^ui s. c:c)iVicisis L^sl-icis 1 nc:on^ ui-si-L c:u Li-r-si. 
§i,si-n, imsr-LLt,L In msciiui iic^tiiLl cis LULpsnsis Li 
L^ist-s In P!-S2SN^L ciimpuiui sis^t,!-i^ sc:i.iv.

L (r-.S) - L 1 I- (--°-S) . K-1.2.3 , (1.3.21)
N-O

uncis k' (c:c)L9) Lint, pOÜncDLmsis l^sgsncii-s.

cisncii^iiis la iimit,L impuss psi-sn^i Li si or- si sc:t,i-oL t,Lt-i c:s 

Ic-1,2,3 , cäin (1.3.21) Lint- ur-mL^osi-si s:

(i ) ciOncii^iL la infinit.:

(^t--.S)^^- r- -°-S . (1.3.22)

In ipvt.s2L unui ^imp sisc:t-!-c)Lt,Lt,i^ unifor-m, S92.I c^lu timpul Lc:1,iv 

2^, la clist-Ln^s LU^il^isnt, cis ML!-i äs par-t-ici^Is. ^OlOiclalL c:onLicls- 

^csLLt-L t^snkii^is In (1.3.21)

-2^ ^gr-»" 0 ' psnii-^ n 1 ; (1.3.23)

(i i ) cioncäi^i L cäs nsLi ngul ar-i t-Lt,s L pvi sn^i Li ^1 ui ii^ ^sn- 

t-l-ul (r--0) ps.r-t-icuisi L^si-iLS, c^ssa «?s r-svins la

O , n > O - (1.3.24)

(iii ) c:sncii^i L cis t-On^i nui t-Li-s s pOi,sn^.i al ul ui si sci^r-OL^L- 

t,ic:, r°SLpsc:i,iv cis cii LciOnt,i nui t,s.t,s L ciompc)!^snt-si ncri-mals (i-s.ciis.is) 

s inclunt^isi siscit-r-ic:s, is i'nt-si-fL^s (r'-k) pLr-t,ic:uis COiOiclsiL — 

Lt,r-st- Si.si-n st,L^s.t,:

o . ,-> > 0 , (1.3.2S)

i-SL psr^i v
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2.3.
(n^l) 8^"'^ l-°-S > -^ (1. s. SS )

si'^) cuoricii t,i 2 cis cionti nui i,2i.s L pot.s!it,i ai ui ui si sc:t,r-OLt,Lt,i c:, 

l-sLps^iiv cis cii Lcior^^i iiui t-Lt,s L c:Omponsrit,si r-Lcili2.is 2. iiicluci^isi 

sisc^i'ic^S 12 i sr^-k-t-cö) Li-i-Lt, 2t,si"N 2t,2LLi. pLl"t,i ciui si CO-

ioicisis — mscii u iir^kici cis LULpsr^Lis:

L
l'»- o

- -:°-S S^(k-^-S)^"'^(--o-S) (1.3.2-/)
n, - o

00
nsspsäiv x - 8 (ri-»-l) p (cosS)

N-0 SN»

w 
->- L 8^-:osS x 8 8 tcosS) -

m p In» 7NI n» , L , 0
r>- 0 

00
^°.<-^^) 8^(-.°-S)^. (1.3.2S)

Nl-o

ii^ 2pr-oximL!-SL ünliLl-ä. (I.Z.2O).

pi-inl pLr-t-i ciui Li-i 2LI-SL i"r - O L r-siL^iiiol- (i.3.26) ^i 

^1.3. 26), l-s2uit,L:

o . tI.Z.2S)

1 li i poi s^Ä ci:v2Li-si sL:^i-or^sui.i-Li i t,Ltsi i Zi odais L p2i-i.i c:ui si

cioioiciAis L^si-iciS ciu §i,sr-!-i 2t,LLLi,, In Ld»LSnt,2 ciimpuiui

si Sc:^!-0Li.Li,i cn , 4rr O^I o .

2iimininci Luc^ssiv c:OriLt,LN»i.si s nsc:uniOsc:ui.s , 6
ii 21 21

ir^r-s ^siÄ^iiis (I . 3. 2S ) - si . 3. 26 ) pLi-t-ic:ui2i-i2Lt,S psr^t,r-u n - i, 

Ls okt,ins:

8 - fkîSlbss -s -^s- -L 1/ Zl^ 8^ X 3, (1.3.30)
31 <- ps rn-, l- ps -i p

untcis L-LU iliii-ociuL iic^Ltfiiis

-p.- (1^/(1-«)^ c^S)^ ^1-, (1.3.31)

-- - < (1.3.32)

k^sni-i-u sr-icis vLivLr-s ii > 1 , List,smui smoFS!-» c:u r-»si^uiiOLc:u- 

i.si s ,6 ,6 ), sd<-i n»ut, cii n» cioricâi î^i i i s (1.3.2S)-
^1,-»2,->2N>3N»^

si.3.26), Li-s cist-sr-mi r^Li^t-ui nsp»ui ^i, c:2 umLl-s, Lrimit,s cisLi- so

iuri 2 d>2N2i ä. sO, O, O,. O).
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30
Oin csis pr-scscisnt-s r-s2uii,2, psnt-r-u pOt,sr7^i 21 ui si sct,i-oLi.2- 

t,1n ^si-,S) r-ssiu^S2 ciir7 sxt,sni sr>ui p2i-i.i c:ui si Lfsr-ics c:u

St,sr-N 2t,2^2t,, sxpr-SLi2 :

9) -- I-CSLS > 8 COLS/ 1-^ . si. ^.33)
3 p SL

Ksl2^ii1s si. 3. 3O)-si. 3. 33) psr-mit. i clsni-i fi c^2l-s2 ir^fsr-»Lif2- 

t-ii o 2 mcmsrit,ui ui cäipol2r- i ricluL sd"»iv2isr7t, 2.1 p2r-ficuisi ^o— 
p» 

1sci2ls Lfsr-ics cu Lt,r-2t, Lt,sr-ri 2i.2^2f:

O - 477L 8 - LX 8^ - V L /? , si . 3. 34)
^ps m 31 PS p p m p^ p

UNLlS

s - sl-^S/ k^v s- -e -- 'i/ 31^- V L (? (1.3.38)
PS > p m PS >- m PS -> p m PS

clsfi risLi-s poi 2r-i 22d>i 1 i f2t,s2 Ltipoi2r-2 sd»i V2i sr-lt. 2 2 urisi 2L<.fs1 c^s

p2r-t,icuis cu /?^-(i(L^-L^ /̂3^ bnt-ui

2Lli msi-iLi O!-»21 ils poi 2r-i 2 2di 1 i t,2t,s 2i P2r-t,i cui si .

§s ccr7Lt,2t,2 C2 msmsr^t,ui cii psi2N i i^ciuL scatii V2i sr^t. p , 
ps

2i p27-t,ic:uisi LOlsiLl2is Lfsr-iciS i r7ciLi-c:Lt,s ^i 2vir-»cj Lf^2f L^si-n

2t,2^2t,, SL^S PI-OPS^tfi O572i Li SMOP2!'2lSi «ÜU timpul 2L:t,iv Os
_ p

2LSMSNS2, i Nc:O!-PO!-S222 , p!-i n PSI-mi t-i vi t,2t,S2 Lt,2^i LI2 S^tli v2-

isnt,2 si. 3. 31) 2 P2i-t,icu1si Lfsi-i^s c:u Lt.l-21, Li-snn, c:oiii.l-i kut^i 2

cl2t,Ol-2t,2 c:or7t.l-2iOniio!- âin Lc^SLt, Lt,7-2t,.

îr7 2pr-Oxim2^i2 Lt,i-2t,uiui §i.sr-r7 Lud^.ir-s, <5-» O, ^ -- L7 , x -- O,

2Lffsi si.3.3i) Llsvii-tS

L - L7 -»- si. 3. 36)p» p s , O C o

<I22U1 P2i-t-ili:u1si c:o1oiLj2ls Lfsr-ilUV risi r7L:Lr-^L^s ^i fâr-2 Lt,r-2^

§t.s7-r7 2t,L^2t. pr-SLupuris: <5-^0, L-L, X-O, Li -O, âLffsi
« p » » o

^ps^ ^p ' ^^i , i-sl2t^iL si. 3. 34) Lls9SNS!-S22:2 ir-»
si.3.1).

I^r-sclucii^â sxpr-sLi2 si. 3. 34) iri cisfini^i2 ^sor-s^il-L 2 psr-- 

^iî-iviî-2^ii Lî,2î,i^s sfs^i-ivs 2 1.!^ si.2.10), Ls O6^ins o nsi2^.is

i:S 9snsr-2i i 2S222 ps si^3.3):

° 2) . (1.3. 37)

îri ipot,s22 8, âiri si.3.3i) r-s^uit.2 o /sr^m-uLă Lis Lip

^Qv^sis^-^Q^sr- psr7t,r-u psr-mit,ivit,2t,s2 Lî.2t,i^2 sfsc-t.ivL 2 1.U cu

P2r-t,icu1s coioiil2ls Lfsr-ics incLr-c2^s, poi2i-i22t,s i ncii vi ctu2i ^i
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LVI ncil L^i-^t. 2t.SI-N Lt.L^Lt.:
Z1

- - ll.Z.SS)

8snt.i-u nimpui Sisnt.nin Lnt-iv nls fvr°ML (1.3.S), sxpi-ssiL 
(1.3. 34 ) cisvi ns

p -- V L /? 8si-^ /31^ (1.3.3S)
1S» p m p» p

du (1.3.3S) in (1.2.10), LS vdt,ins O /vi-muLL <ÂS Lip /fcrxwsLL- 

OQnnsLL psnt.i°u psr-mi t.i vi fst,SL Lt.Lt.ins sfsnt.ivL s nu pLi-t.inuis 

nviviciLis Lfsi-ins innLi-NLt.s Li. svinci Lt.i-Lt. St.snn iL Lupi-sfLt^L 
I Oi" :

s-L l'l-'-P /? si-»- /? / ZV^I. (1.3.40)
m p p» p p»

în Lfii-Lit., iii ipvt.s2L nimpuiui Lnt.iv dvi-snt.2 (1.3. 12), NS-

nuiiZ. clin (1.2.12) Li (1.3.34) snuQLicr nîs Lip (7 L crus i UL-/fvLLO L L i:

' (1.2.41)

ksist^iiis (1.3.3S), (1.3.4O), (1.3.41), clsclULS MLi LUL psn- 

t-r-u psi-mi t.i vi t.st.sL Lt.Lt.ins. sfsnt.ivL L nu pLr-t,inuis nviviâsis 

Lfsi-ins, 9sriSi-s.Ii2ss.2Lps (1.3.4), (1.3.11), r-SLpsnt.lv (1.3.14).

Ai urii ui pviL^i2sr-ii Lt.Lt.ins L ddâ nu pLi-t.inu1s L^sr-ins nls 

ML9list.it.L in pst.!-n»i ^i Lnici vișin NL Lur-t'Lnt.Lnt. L-L S^snt,ULt, in 

ipvt.S2L LiLt.smuiui nviviÂLi mvnvciiLPSNL. L)in LNLÜ2L minr-v9NL^i- 

iivn si snt.r-vni ns Li s NSLi s cii n Ni LLL NVNLi clSNLt.L, NS2Ui t.L,

inLL, NL pLi-t.inuisis MLZnsi-ins LULpsnciLt.s nu Lint. s^Lls NL MLNims 

^i NL funnt.iL Lt.Lt.iLt.inL Iv9nv1-MS.IL cäsLnnis dins câiLt,i-idu^iL 

cili mSNLi vNLi L sxpsr-i msnt.Ll L L pLi-t.i nul si V1- ^83,04^.

în Lnvpui nlst.si-mi nLi-i i s/snLuLui PO L inîispsr?sisi QSUpr-Q 

psi^m.^ L iui Lâ^ i 1^ Lui sicriins s/sniius, Ls nvnLiâsr-s v cüLt-r-idut^is 

NVI-MLI i 2Lt.L nvnt,inuL L I-L2sivn pLr-t,i nul si vr° nvivicilLis» LkimiLS 

Lfsnins, cilin k^is LNSLLt.L cliLt.i-idutfiL 1v9nvi-MLiL

> °° (1 n>x) / X . (1.3. 42)

nsi Lnisi-i 2st.s cis pLi-smst.r-ui X (X -» co, in ns2u1 mvnvnlis- r.^1

PSI-L) LLt.fsi

pLi-t.i nul si vr-

innit. n^f (x) clx

Lfsi-ins nu r-L2Sis

I-SPI-S2i Nt,L ciSNLi t.Lt.SL numsni nL L

nupr-inLs int.i-s xk ^i (x-»-cix^k.

f>snt.i L vvi umi ns. t.vt.Li L L PLNt.i nui si v>- nvi vi cilsi s Lfsi-i ns cji n

I-S2UÜ.L, st,unni, cis fvi-ML

BUPT
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L2

(477XZ) r>^ x^^(x) -- ^sxp(S>4X^) , sl.Z. 43)

In SLI-S L-L int.i-O6uL sxpr-sLiL cis SLisui L MOMSnt.u1ul 6s Lsisst-is 

6s O»-6inui 3 Li r-spsr-t-i t^i si iO^nOr-MLis (1.3.42) ^24,03,04, K1 .

Osn^Or-m r-sl^isi Lni.sr-iOLi-s (1.3.43), in sxpnsLiiis (1.3.4), 

(1.3.11), (1.3.14), nsLpsst-iv (1.3.3S), (1.3.4O), (1.3.41) Lis

psr-mit-i vit.Lt^ii Lt-Lt-iss s^sst.ivs L L pLi-t.isuis L^sr-iss,

t.nsduis LpiisLt.L ssr-sst^iL 6s pOi i 6i Lpsr-Li s L

' <1. z. 44 )

in ipOt-S2L sä. pLr-LMSt-!-i i ^i ^p<s > 6spin6 6s vL^l Lki iL

Li Sat-OL!" s L6i MSNLi ONLi L X.

1.3.2. Os^ul 6ubls^ului 6s pLnt.isuls Ltsniss

în PLI-L^r-L^si s Lnt.sr-iO2.r-s L-LU Lt-u6iLt- mssLniLms 6s pOiL^i- 

2L!-S 6s t-ip 6s^Oi-MLt^iONLi, int.ninLssi pLr-t.isuisi SOiOi6Lis L^sr-i- 

ss ^i Lt.r-Lt.uiui Lt-sr-n LLOsiLt. si. Os i nt.sr-Lst^i UNSL sisst-r-OLi.Lt.isL 

L pLr-t,i sui si Or- L^sr-iss LULpsn6Lt.s 6i n l.^ L-L t^inut- LSLML, int.r--O 
OLr-SSLr-S MLLUr-L, iL SLi sulul simpului Lst-iv 2^ SON^OI-M (1.3.S) 

LLU (1.3.12). ^isnOZr-Lk'iils sisst.r-Oniss LU SON^i r-MLt-, inLL, SL in 

SL^ul Lu^isisnt, 6s 6ilULt-S, int,sr-Lst^iUNSL LlLd»L L PLI-t-isulslON 

Lfsr-i ss LULpsn6Lt,s POLt-S 6st-sr-mi nL OI-6ONLI-SL l ON l OSLl ä 1 i mi t-Lt-L 

Lud fsr-ML 6s LZr-sZLt.s misi, SONLt-in6, ssl MLi L6SLSL, 6in psnss^i 

(6udlst-s) 6s pLr-t.isuls. Oudlst-ul 6s pLl-t,isu1s L^si-iss LULpsn6Lt,s 

<16i msl-ul) POLt,S 1"i p!-ssxi Lt-snt- LLU LS POLt,S fsr-ML PI-i n Lt-r-LSt^i L 

sl SSt-!-OLt-Lt-i SL L 6ouä PLI^t-i SUl S L6i LSSNt-S, SS LS pol L>-i 2SL2IL 
in simpul Lsiiv 2^ 1^1^-

în ssls SS UNMSL2:L, LS Lt,u6iL2L POlLNi2LNSL Lt-Lt-isä. MUt-ULlä 

L pLnt-isulslOl- SOlOi6Lls 6i n 6iluLt,s PS MO6slul 6ud1st-ului 6s 

pLl-t-isuls L^sr-iss in int-sr-Lst^iuns slsst-r-OLt.Lt.isL 6ipOlLi"L. Ls 

SONLi6sr-L, LLt-^sl, psr-ss^SL (6ud»lst.ul ) 6s pLl-t-isuls SOlsi6Lls L-

6iLSSNt-S, i6snt-iss, 6s t^Ol-ML UNON L^sr-s 6s I-L2L I- - k, LVin6

vsst.O!-ul 1 -- l^^ Li i4nisi ssnt-!-siOi" iOr- insiinLt. SU ungkiui 

fLt^L 6s 6insstsiL simpuiui sisst-nis Lst-i v 2^ (i"i9. 1.3. 3).

§s L6mit.s SL ji j — i 2: 2 , L6isä pLr-t,isuisis SOiOi6Lis

6in SL6r-ui 6udist-uiui Lint. Lpr-OpiLt.s pinL iL, ssi muit-, iimit-L 

Lt.r-Lt.Ur-i 1 ON Lt-sr-n Lt.L^Lt.S, ^LNL LUpr-LPUNSNSL LSSLt-Ol-L.
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AZ

1.3.3. Oudisi- cis pLni-icnuis cnolointLis L^sr-ics 
ims^LL^s IN MSciiui iic:tiici cis LULpSNLis ^i 
L^iLi.S In PI-S2SN^L timpului si sci:t,!-i c: L?t,iv.

in PI-S2SN^L unul r^imp si Sc:i,nOLi,L^i i: uni Öl'm» pL!"i.ic:uiL

cioioiciLiL L^Sl-iciL 1 äi n ciudist. LS poiLr-i2SL2L Lud LLlt^iUNSL Lt,it,

L timpului Lcr^iv c:it, Li 2. timpului ^r-SLt- cls MOMSni,ui clipoiLi-
- p

inciuL Li pLl-^i^uisi 2, LcüLc:snt,L si in c-L^nui äudi si,ui ui.

^omsnt-ui cüpsiLi- ^s2uit,Lnt, inclus in pLni.ic:uiL L^SNil^L i LNS, s,- 

LLciLr- , S7<pl-SLiL

p - « s 2^-«- p , 
PL p<s> p 12 p2

(1. 3. 4S)

uncis Is l-Sp^S2int,L opSr-L^Oi-ui cis i ni-si-Ltn^i uns SiScit,l-iciL cäipoiLNL

L cisisi- ciouL pLr-^imuiS ciOioiciLiS L^Sl-iciS ciin ciudisi,:

1s p - l'Zsp I p 1/ 4iL I? . <1.3.48)
12 ^P2 l_ 12^ 12 p2-> M

l^L l-inciui si , POi Ll-i 2Lb>i i i t,Lt,SL ciipSiLNL Sl^t^i VLi sni.L 

I-SiL^iL LNi,S!"i SLI-L (1.3.4S) LS ciSi'inS^i.S c^ON5"O!-M (1.3.2), 

1-SLpSsi.iv (i.3.38) in riL2:ui pLr-i,i c^ui si Ol" Li'sr-iciS ci:u LO2 Li-L^Lt..

o r-SiL^is LNLis^L cnu (1.3.4S) LS POL^S Lcu-is psni.r-u MOMSN- 

l^ui sisci^r-ici clipsiLr- inciuL in pLi-t,ic:uiL L^sr-iciL 2 clin cludist,:

p - « s Is p 1 > (1.3.4?)
^P2 P<»> P 2 1 ^P1 >

c^u

V p -^sp-lll^l^-pl/ 41L 1^ (1.3. 4S)
21 l- ^L^ 21 ^P1^^ M * /

-i .
12

i
21
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Oin <1.3. 4S)-<1.3. 4S) ss ob^ins scus^is vs-:t.c>ni2lL:

(1.3. SO)

SXPI-SS i s 

1 :

(1.3. S1 )

mc>msnt.ll1

Pp. - "p<«> "p-.>^.- bp * "p-.^.-t ^-. Pp.)

° "p..>( "p<./ " t^p<-/

^')pp.^ ^°p../ Pp.

LLr-s pr-in mlllt,iplic:s.r-s scis.is.r-L cill 1 in smSii mSmt)r-i cionclll^s 1s

p -1 - o si-« / 277^ 1 1 .
^P1 12 p<^) t p<^>^ m p 12

In^i-c»clllciincl (1-2.SO) in (1.3.4S), r-s^ll1t.L, In 5insi,

momsnt.ll1lli clipOlsk- i ncllls in pLnt.i cillis ciOicriclsls L^snicIL

p - « 5«^ / 477L7 1^^ ^1-^ « / 477^ i^^
pi p<»r p t p<»>^ m p<»>^ m

a / 2^ 2° Î 1Î / 1^- P P^-
l- t p<»v m p 12^ 12^ p-^ p<»> I»

în r-sis^is Lnt.sni OSNL (1.3.S1) S-L sviclSnîsiLt. PS ÜNZL

clipOlsn i ncllls p -- « 2^ si psnt-icllisi sfsni^s pc»i sr-i 2st.s
p<»> p<«> p

st.st.ici i nclspsncäsnt. ( ^p<^> sxpr-ssis ctsiLVOl t.st.L (1.3.1),
r-sspsc:t.iv (1.3.34) ) si mOMsnt,ll1 clipolsr- incills sllp1imsnt.sk- p^ , 

p
cist.sr-st. int.si-scituillnii s1sc:t,NOst,Lt,ic:s clipolsi-s s psr-t,icill1slOr-

s^sr-icrs Lctisc:snt,s clin cilldlst..

Ovn^Onm (1.3.S1), p^ nll sst.s, in gsnsr-sl OMOpsr-s1s1 cill

c^implll s1sc:t.r-ic: sc:t,iv sst.i'sl c:L ssllpr-s psnt.1 cilllsi s^sr-icis 1

cZin cllld>1st. ss sxsr-ciit.s cis ciLt.r-s scisst. ^imp lln cillplll cis mcrcllll

I P I - ^3«^ / S77^ 1 si c» / 477^ 1
PLP p<»>^

"p<.>/ ^p ' <1.3.S2)

cisr-s t.incls ss Onisnt.s2s psnt.icilllL, sst.^s1 inciit. 1inis ciSnt.r-s1 or- 

cslsr- ciOlls psnt.i cillis s^sr-i^s clin cisclnlll cllld1st,ll1lli ss s^jllnZL 
psr-s1s1L «cll clinscr^is timpul lli LLt,iv 2^. scisst. crllplll cls slsci- 

t.r-sc)r-isnt.Lns sst.s msxi m psnt.r-ll 77/4 ^i nll1 psnt.i-ll O

^i 2 77/2, sclikis st.llnc:i c^inci vscit.c>r-ll1 1 s1 linisi c:snt.r-s-

10k- cis1c)n cic>lls psr-t,ic^ll1s s^sr-icis sst.s psr-s1s1 , k-sspsc:t.iv crr-t.O— 
Ssnsl, cill 2^. §t.Lk-SL psnt.r-ll 77/2 i'iincl inst.sl2i1s, ss

pc»st.s sxcispt.s.
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O Sxpr-SLis LNLiOIL ciu (I.2.S2) LS odî^ins psnt-i-u MOeluiui 

eupiuiui Sxsl-eii-Li. els eimpui 2^ LLUpl-L PL5-t,i Lui si L^sl-icis 2 elin 
p

eludi si.. ^mdsis eupiuni l-erdsLc pLi-dieuisis L^si'i c^s 2.1s psi-scikii 

în LesiLLi LSNL ^i In piLnui elsdsi-mi NLd cts vsede»i-ii ^i I.

Ls pe>Lds eiOncdiels, c:L eludi sdui ui cis pLr-dieuis eerivielLis 

^t^r^eis in i ndsi"Le^i uns eliperiLi-s. ii ssds Lps<ei^ic: un mseQN^sm, 

eis psi-Q^iLQ^s sLerti^L eis Lip s^isnLcr^ i sner i.. LOnsLpun^Ldon Lciss-

duiL, mermsndui elipe-iLl- ineluL mseliu p Li par-d i e:ui si or- perieri elLis 
p

L^Sl-ieS LLOeiLds in eludi sds Lr-S indSNLidLdSL S^Li L eu mscii L Lt,L-

ÜLdieL iL sekiiidi^u dsr-mir: , "i2, Vi ;

<p - 2^/ s lp - 2^/ sxp f-v X >c
Pi p p '- pi p p-' p o

-l-r sxp(-V^/ l1.Z.S3)

unels eli- i-sp^S^inds. sismsndui els VOium elin LpL^-iui eOor-clonL^sion 

pcmi^ionLiS ^i or-i Snt,Ltfi onLi S Lis pLr-t,ieuisi «eOierielLis L^sni^s 

eeinLielsr-Lt-S, iL>- V els^insLt-s sns^esiL pOt-sn^iLis. t-ert,LiL L pLl-- 

i-ieuisi in eont'igui-L^-iL (st,LNSL) i-. în LL^ui els I^L^ä. Vi^, insu- 

MSL^L eiouL SOni,r-i dut,i i pl-i ne:i pLi s: (i ) snsn^i L elLt,or-i t,L pns2sn^si 
eimpuiui sise^i-ie Lei-iv 2^, 

p

V - -p / 2 ll- 3. S4). ^pt p

^i (ü ) SNSi-giL cls ini.S!-Let,iuns siset,i-OLi,Li,ieä elipoiLl-L c:u pLN- 

i,ieuiL LeliLeSnt,L elin eludi st,,

v"'- -p .s V p 'i- <1.3. SS)
» ^pl L2^P2^

Ss pl-sei2SL2L e:L in (1.Z.S3) SNSI-giL POt,SN^iLiL 6Lt.Ol-it.L r-Spui- 

Lisi Snt,i-opies L LH Li,L^Li.S pLr-t,ieuiSierr- ee»ie>ielLis L-L nsgii^Li,, 

i ni.r-ue:i i., p^i n i p>eri.s2L, i > 2 .

^selisi-SL Lt.Lt,iLt,ie!L (1.Z.S2) LS S^Set,USL2L ps LNLLMdiui- 

elimsl-i^Li- Li pL^i,i<euisieii" eieriOiclLis L^sr-ies elin voiumui invinii, 

mie: t^i^ie V els , i n ul-MLt,e-Lr-si s ipot,s2s

si mpi ik^i e:Li.OL!-s:

- ini-sr-Le:tfiuniis elinî.i-S eludist-sis els pLi>t,ieuis eon^inut.s In

V LS NS^Ü^SL^L'

- NU SxiLt.L niei O evr-siL^is in^!-S ee»n5"i Zur-L^i L eludist.uiui 

si eliLi.i-idu^iL eont,r-Li erni i e»l- elin SU Lt,L^Li.S pLl"i,i eui si sr- Lesst-uiL

- eliLt,Lnt.L elin^r-S esni-r-sis esieri- ele»UL pL!-^ieuis L^sr-ies Lis

BUPT
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psr-sodii sst.s Lpsoi^ioLt.L pr'ii'» ji^I " -oonst..

dL unmLr-s, In (I.3.S3) LS VL int,ssnL numai In r-Lpont. ou VL- 

r-isdi1s1s or"i Snt.Lt^i onLl s s.1 s pLr°t.iou1si 1 oonsi cisr-Lt-s, sclios.

^ci(oos^) , (1.3. SS)

fiinci ungdiul ciint.r-s LXL x 2. unui plan xOx or-t.ogonLl 1s 

^i pr-oisot^iL Iui 1^^--1 ^^^st. p1sn (^ig.i.3.3).

Oin (1.3.S1) ^i (1.3.S3) ss cisciuos:

<p -e:^ - a <p^-b^ e^>
^P1 p p p<»> p p p p

-so. î --. ^ 1 - V L s 1 , ,1.3.87)
p<«> p<»>^ p p m< ' p<»> p<«>^ p

uncls

Ot -- 5«^ / 477L St / 477L7 1
p<«) p<»>^ m p<^>^ m

-1^ - v^ /?^-

- Vm

^3sl- 2(kXl)-( (1.3.SS)

r-Spr-S2int,L poiLr-i2LdiIit.Lt.SL st.Lt.ioL msc^is sup1 imsnt.LNL L pLr-t.i- 

oulslor- ool oidLls s^sr-i os dLt.or-i t.L i nt.SNLO^i uni i 1o^ di pol Lr-s di n 

OLki1r-u1 dud1st.u1ui. ln r-slL^iL Lnt.SnioLNL <1.3.SS), /? Lns 

cls^init.iL (1.3.2), r-sspSot.lv (1.3.3S), isr-

<oos^^> - ci^ oos^ SXP cl(oos^)

^2 77 77
s I clv I sxp(-V ^Ic cl,c:os^)^^

- --OS-^1* s -OS^). > (s^os^)/S * ... cj,-7OS^)

s -I- ,-^c:os^)x2 -I- . . . ^ cI(cc-s^)^^

- l(2>3)*(2^)-* ... ^2^ (2^3)- ^ ...

BUPT
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-(l/3)^-(4X4S)s>. . . , si -3-SS)

uncis 8-2. IN 8sr-is l^2c:l2ui-in func:i-i2 sxponsntfi 2i 2 2. in-

i.S9r-LnciuI ui ^i 8-2. ^Lnut, sxpi i c:i t,2ns2

- V - p «2^/ 2 ->- cx ö 
p Pi p p<») Pi

xs-ss si-»-« îl N -ss * . . . I 2^1, (1.3.80)>- L2 P<«> 2i p<»> 2L L2 p-> /

!-s^i ni nclu-8s clO2i- pr-imii clOi i-sr-msni clin 8S!"i2 r-2picl c:c)nvsr-9sni,2 

2^12^2 Ini-^s p2^2Nt,S2S, 28t.^sl c:2 2 I-S2u1t,2t, clin ciLiciUl P2N2-

mst-i-ul 2cli MSN81ON21

s - V s X s 1^/ 2>- (1.3.S1)
pms^p^^o * ,

c:u

(1.3. SS)

I nt,i-ocluc:i ncl

8i.2iic:s s^sc:i.ivs

(I.S.S'?) in clsi'ini^iL t-soi-st,inä. 2 pV!-mit,ivit,L^ii

2 liw (1.2.10), 8S O^ins:

(1. z. 83)(i-^ p l? s) p p» p >

^p«" ^p<»> , cOst"ic:isnt,ui 2ciimsnsicrn2i 21 pOl2r-i22di-

clipc»l2i-s msclii 2 p2!

OON^ONM (1.3.SS),

c-Olviclals s^snies

iv, 0 ) psnt,r-u

^crisi^2ls 8l"sr'ic:s 8in9ul2r-s.

S8t,s sviclsnt, L2 /? -» /? p<»>

» 0» 2cli^2 in l^22ui p2!^i -

91-upL^s pSi^scil-li.

!^s cis 2ii,L p2i-t,s, ciin (1.3. SS) (I.3.8S) !-S2uii.L ciä. IL

'' ^p. pLt,r-2t,uI int,sn8it,2.î^ii

ps^s«1 p<»> p<^r
3)^

p<»>

uncis ^2^^01-ui 2cli msn8i ON2l K cls^ini^iL (i.3.82).

!n i nc>i.s2:2 2^ 2 , clin
p

S2 8t^2t,ic:2 sfsc:i,iv2 2

(1.3.83) 8S crd^ins psnt,i-u ps^mit-i- 

c:u p2!-t,ic:uls cisicriclais 8^si"iLS

BUPT
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Iri cludi st,s:

L? -- L7 st-<- /? )
NI p

(I. 3. 66)

psnt,^u ciimpui ac:t,iv 6s fcrr-mL (1.3.8), ^u (1.3.87) ^i

In (1.2.10), r-s-ui^L: 
' p» ' p<^> p<»>

L7 - L7 st-»- -7 /? /st- /? / 3 (1.3.66)m l- ^p' p» p p«

îri L^i^it,, Iri 1pvt,s2L timpului .acit, i v I^or-snt,2 (1.3.12), ss 

clscluns clin (1.3. 67 ) » psnt-r-u c-snl^ininci p2!-t.i^uis cioic>icl2is

L^sr-i^s ^r-upat-s ps!°sc:di Iri i nt,sl-2c:^i uns clipOiai-s.:

-lixs- -^si- « * n" )/Z- 1. (1ZS7)
>- m NI p p<»> 0->

2xpr-ssiiis LN^sl-ioar-s (1.3. 66 ) - (1.3. 67 ) psni.r-u psr-mi i-i vi t,2- 

t,ss Lt-Lt,ic:L sfsc:t,ivL L I^^l, cis suspsnsis c-OioiclaiL c:u ^222 

cii^psi-sL cli msr-i 22t,L, gsnsr-Li i 2SL22. i-siL^iiis (1.3.4), (1.3.11) ^i

(1.3.14), r-SLpscit,iv (1.3.3S), (1.3.40) ?i (1.3.41).

1.3.3. 022:^1 landului iuny cis psnîi^uls Ltsni^s

în P!-S2SN^L r^nlli cilmp si sc:t,i'OLt.Lt,i c: llni^or-m, LU^iciisnt, 6s 

int,sn8, pL!"i,iciuisis cioiviciLis 6in ss psi. ciis^r-idui in iLn^ur-i 

i lungi. psnt,i-u st-i^i ui sc:sst,rui c:L2, ss L6mi t, ur-ms.i.OLr-si s i pot,s2s 

si mpi i 1"i ciLt-OLi-s:

in c:Lcir-rui 

s^sr-ir^s i6snt,ic:s,

^isLLi-ui iLN^ iung c7Osxist,L n p2!-t,ic:uis p».
L^iLt,s numLi in i nt-sns^tfi uns si s^t,r-O8t,Lt.i c:L 

clipslLi-L cis t,ip ciudist,;

- t'is^Li-s iLnts lung cis par-t-i^uis c:criOiciLis Li-s ^cn-ms. unsi 

dar-s r-isicis, Lsi.t'si in^it, vsc:t,oi-ui 1.. d!i..l > 2LK-»-<S) si iinisi 

c:sn^r-siOi- s^ic:âr-Q!- cisuL pLr-t.ic:uis L^sr-ic:s LcliLc-snt,s i ^i clin 

iLnt^ SLi.s un vscit-vr- cioiiniLi- c:u 2x2 cis Limst.r-is L iLn^uiui

c^ig. 1.3. 4) ;

i nt,sr-Lc:^i uni is sisct,i-VML9nst,i c:s 

PL!-t,iciUiS LS NSZii^SLLZ..

în ipcrt,sLsis 2ni,sr-ioL!-s, sxpnssiL 

c1int,r-s iLn^ur-iis cis 

mcrmsnt,uiui sisc:t,r-in

cli pcri Lr° i nciuL Li pLi"t,i ciul si ccricriâ2.is Lk'Sr'ic^S crar-sc^Li-s i clin 

^sclr-ui unui isn^ lung ss crd^ins pr^in ^snsr-ai i 22!-s2 r^si allisi 
di. 3.46):
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> <1.3.68)

'uncäs pol ÄN 2. 2!Lkä. l i ^Lt,ss. Lt,Li,ic:L cjipOls.r-Z. Ol LS <^s^ins^t,s 

oonioi-m dl. 3. 2) . SLpsoi.lv dl. 3. 3S) , l Li-

(1.3.69)

r-spusul ni.L momsnt^ul cilpols.!- l nclciL L^pllmsn^L!" Ll psr-i.l ocrl sl l ,

cllpoiLl-S d äsciL^o^Li. l n^si-LO^l crnl l LLls si sot.^OLi.Li,l os

^lg. 1 . 3. 4. I-.LN^ iun^ i^l^lci cis pLr-t,louis ooiolclLis L^si"los

lmsnLLis in mscllcli ilogici cis L^spsnLls Li L^lLt-S In

pr-s2:sn^L oimp^Iiui SlScit.!-ici: LOt,iv.

Olli I . 3. SS)-d1 . z. 6S) l-s2^lIt,L OL LLllp^L pLr-i,i si vr- 

ooloicüLls L^sr-ios cäin^i--un Is.n^ , 02. rur-MLi-s, LL^pr-s.

1 n^r-scsi.l1 l-li Ls sxsr-oii.L oupl^ cis siSc:i.!-OOl-isnt-Lr-s, t.in2lncl

LL scUic-L S.X2 iLn^crlui r-i^icä cis p2.r-t,i ciul s ps clir-sc:^iL ciîmpului 

Lc:i.i v d msL7QN.i sm. c^s pc> L cr^ i scr^s sîs Lip or- r. s/i LQ i L )

dlonsLpcnnä.^or', psiL>-i22.SÎ Iit,Li,sL Li,Lt.ic:L cäipslLi-L ms«^is s. 

pLl-t..i ocrl si or- oOloiciLls Lt'sl-ios 2Lsc:i2.t,s in iLn^^r-i lunyi ^1 

oosl^i oi sni-crl scii msnLi onsl Li scisL^si pol Li-i ^LSi I i t.ä^i LU sxpr'ssii 

LNLloys c:u d 1.3. S?')-d 1.3. SS) :

BUPT
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n^ 

°p.- 

3 -i.

X l3l1-a^^)/2^1^)'^«-os^>-11>, (1.3.70)

respectiv 

^pl 'S I

'S — 1 zX ^«-os ^>-1)), l1.3.71)

uncis msni^ins cis^ini^iL di.3.2), nsLpsc:i,iv di.3.3SI>, is.n

msciiL pLi-Lmst,i-ui ui cis cn-cisnLi-s sn i sni.L^i crnLi s. ss pQL^s 

Lpi-sximL pi-in

<00S^> - «-os^tZä, T^^)> -!- 1/3^-k^lLä)^, (1.3.72)

int.i-u^it, i-Lpoi-t,ui snsnost-ic: d -V ) I-Lmins mui i. in^sr-ioi-p 6
unit,ä^.ii, citiiLi- psnt-nu nimpuni sIsc:t,i-OLi.Lt,ic:s int.snLs. in r-siL^iL 

s.nt-si-ioLi-L dl.Z.'/L), c:snLt,Lnt,L acli msnsi ONLi L ans o sxpnssis 

ciOmpi i ci2.t,2..

kslL^iiiS d1.3.6S) - dl.3.87) ss pä.st,i-s2.22. fvi-msl Li psn^nu 

psi-mi t^i vi t-Lt,SL Lt,2.t,i l:L sk'scit-i V2. 2. l-bl ciu PLI-t,i^uI S L^SI-i ciS <II-UPLt,S 

in iLn^ui-i iun^i, ciac:L ss ^Lc-s Ludst,i t,u^i s simpla /? —>
P6 P6 

clLt, cis dl.3.71).
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1.4. ^Olsni^Li-SL Lî-st-iOs 2 i i Otii âsi OI- mLynst-iOS

OU pLi-î-iOuis OOioiciLls Liii2OMSt,i-iOs

In Osis PI-SOScisni-S, L-L PI^SLUPUL uri LiLt,SM cÜLPSr^L

iOOMst,i-iO, PLI-biciui si S OOiOiciLis In LULpsnLis LVI nci for-mL L^sr°i- 

OL. t'isOLni Lmsi S LpSOiL^iOS cis pOi LI-i HLl-s Lt,Lt.iOL LU r-S2Ult,L^ cis 

t. i p cist Ol-MLi-i ONLi , In OL2ui PLI-t,i O ui si OI- OOiOiciLis LinZuiLi-s, 

r-SLpsOiiv cis iip câst^Oi-ML^i ONLi Li Oi-isnt^L^iONLi, in OL2ui L^i-sZL- 

^siOi- OONLlii dui i,s ciin psi-sOtii LLU iLN^ui-i iun^i cis pLi-t,iOuis.

In OOn^inuLi-s, ^S S^sOt,usL2L Leucii ui pOi Li-i 2Li-i i Lt-Lt,iOS 

L OU pLi-^iciuis OOiOiciLis Lni 2OMst,i-i OS, L vinci I^OI-ML L^Sl-Oi c^ui ui 

Liun-Zii, od-^inut- pi-in ^Ot^Lt,iL unși siipLS in ^ur-ui Lxsi LLis 

MLI- i.

s^is. LLi,1"Si , O PLI-^iOUiL LS!" Oi clăi L , nsi NO LI-O Lt, L siSOt,I-iO ^i 

t^LI-L Li,LLLi. , OU OSNt.I-Ui cis Li MSt,I-i S ^i LXSl S PI^i NOi pLis sLXS-

iS «ÄS LiMSt,I-is) OOi NOi clsni-S OU OI-i^iNSL o, 1-SLPSOi.iV OU LXSis 

Ox, O'/, Li S unui I-SPSl- OLI-i.S2iLN ( f i 9. i . 4. 1 . ) . Ls LLOOiL2L

^iy. i.4. i. ^Li-^iOuiL OOiOiciLiL cls t'Oi-ML L^sr-Oiciuiui Liun^it,, 
imsi-LLi-L in mscliui ÜOiricil cis LULpsnLis ^i LfiLt,L 
in PI-S2SN^L Oimpuiui sisO^r-iO LOt,iv.

PLI^i-i OUi si OOi Oi ciLi s Li Lîismui cis OOOI-ciONLliS Li s Li'sr-Oi liui ui Li un —

>zi^ cis^inii-S in ^unOt,is cis OOOi-ciONLi.si s X, X'

pl-in SOUL^iiis

BUPT
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X - L^ Lin/) Lin^ ,

2 -- ci ciOL7) ,

O<?<«, O<77<7r,O<^^27r. Osls 1-r-si familii cis Lup,-^

fst^s cis ciOSl-ctonai-s !-spi"S2i ni,L Lfsr-oi2i alunZi^i LOnfOnal i ,

(x?> c:^L^ > 2^/ ^c-k^? - 1-- O , - cronst,. , (i . 4. 2,

l»i psr-dOl c>i 2i cis i-c2t,a^is c:u ciocia pin2S, cicrnfcicali,

(x^> x^)^ ci^Lin^7) - 2^/ ci^t^OL^T? >1-0, 7? - LONLt,. » ^1.4.2

l°SLpsc:t,iv pians cis t-r-sc: pnin axa cis not-a^is O2,

X^x -- i.9^ , V/ - ciONLt.. (1-4.^

l^a r-lnciul si, Lupnafa^a par-^i ciiul si Lfsncriclals Ls cisfinsHttz 

pr-in scicra^ia --- OONLt,Lnt-sls c: Li i-s2ult,a ciin (1.4.2):

ci L^^-- a , c: d^, (1.4.4

cis cincis ci -- ?i 2.1-9 (a^/Iir^^ (1.4.6) 

ciu a^ r-spns2snt,ln6 lun^imsa Lsmi axsi Oi- micii (sgals ^i alinia^ 

ciu Ox ^i Ox) als pant-iciulsi s^sr-oicials, k*, l^nyimsa ssmiax^ 

Lals mar-i saliniat,a O2), iar- 2c:, ciist-an^a ciint,i-s fociai-sl

Lals i^^î,uat,s ps O2) sfiZ.1.4.1).

Ls cisnLicisl-L cia axa cis Lunst-nis O2 (cis vsi-Lcri- ) a pal-1,i 

cilllsi Lfsr-siclals sst,s or-isn^at-L andit-nai- in r-apO!-t, c:cl ciimpul
1sc:i,r-ic: acit-iv

LLt,fs1 incilt.

2 , st-at-ici Hi clnifsnm, pi-SLupUL in pl ancrl xOr^

'p P,X^X^ pH
PU.

(1.4.

un6s clsf 1 ns^ls COMponsnt-L vsct.oni»^.

lOngi^uciinLlL a timpului ac:1,iv, avlnci ciii-sc:^ia axsi O2, iZ^ 

' l^c)mpONSnt.a vscit,cr^i al a t^l-anLvs^sal L

tilmpulcri Lcit,iv, avlncl cür-sci^ia axsi Ox (cis vsr-Lc,^ s ), ciscii olt 

i-SSSnala axsi O2. Ou x not,at, unZkiiul cünt.^s cii^sci^iil
vscit,sr-u1ui c:lmp 2^ Hi axsi mar-i, aliniat-s c:cr O2, a pal-t,ic:ul^ 

Lfs!-Oi.cials sfiZ. 1.4.1).

psnt-r-u cist,sr-minai-SL msmsnL^L^i ci^pc>Lcr^ sc:?7.ivQLsnL

ci^cLsi s/si^OicÄQLs p ,, , ^nck^cs <Äs <7c>mpc>n,snLQ r-sci Lc>r-LcrLâ p ii

crL pcrr'^

L c>NF L

BUPT
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/Äs cim./? t,!-sd>uis g2Lit,2 LOiut^i2 cis POt-SN^.i2i

la cüst-Lri^s mar-i cis L^sr^oiiÄui 2i ungit,, ^i si SLt,r-ic: scis

PSl-mi i.i vi t,2^S Lt,Lt,ic:2. L7 ) nsi Nl^2!-ci2t, , iMSNL2t, int,n-un 
p

LULPSNLiS s«ÄS psi-mi t,i vi t.Lt,S Lt,Lt,ic:2. L7 ) Li OOi2Ni22t, - m
sisci:t,r-0Li.Lt,ic: uni^l^l-m 2^,, t2vir^ci ciir-s«:t,i2 2Xsi MLi-i 2 

pII *

msciiu cis

in timpul 

L^sr-siciu-

în «Äomsniiis s^2N2 L2i-chirii si scit,i-i c^s cis vcDi um) «Äin

i^ui si ) ^i sxt,sni O!-ui 

poi-sr^t^i 2i ui siscit,.

p2ni.i c:ui si si'sr-oi ci2i s LULpsn«Ä2t,s cii ri

<^> LLt,iLl^2c:s s<^U2t^iL I^2pi2cis in

c^ooi-cicDr^2t.si S L^SI-Oi riui ui 2i ungit, ^L.OT'.k'i^:

c:QL^7))

/ cr^Lti^ Lin^7? - O . (1.4.S)

vLi.Or-ii.2 Limst.nisi in i-Lpor-t. c:u 2x2

pot,sni.iLi

1 Oi^gi t,ucii nai s 

22imut,2i

2 sc:u2^isi (1.4.S), 

cÄs c:imp si sc^t,^sLt.2t,i c: 

fiiniÄ, cÄsc-i, cis fONM2:

«ÄS I-Ot,2t,i s O2 , 

c:sn SLPUN22.t,S2I-S

Lcniut^i2 «Äs 

l^OMPONSNt-Si

2 ,, , nu cispi r^cis cis ungki ui p II

UNlÄS p

<?.. (^'7)) -- ^sc-^)I- (c^OLT?)

(2 «Äs^insLc:

(I.4.S)

(1.4. 1O)

funcrtfiiis i.sgsnclr-s «Äs pr-im2 Lpsî^L spvii-

NO2MS1s t-,Sgsn«Än s) , nsLps«nt,iv ^s Lps^.2 2. civu2 ^u 2Ngumsnt, ^s mvclui

Lupn2uni t,2l- ^2^. Loiut^iL «Äs pvt-sn^i2i s1sL^r-OLt-2t.ic- (1.4.S) nu

cion^ins ^unc:^iiis <2 sc^^ff), ciLr-s pr-s^int-L Lingui2r-it,L^i i^ puncr-

t^s cüi^ i nt,sr-i cunui p2»-t,i c:ui si L^si-oi «Ä2i s (0 <

OOncii^iiis 12 iimit.2.» crs

Isis sisci^l-oLt,2t,ic:S (1.4.S),

t,r-skui s

si . 4. 10) ,

L2t,iL^Lciu1.s cis pvt-sn^iL-

Li nt,:

---c-T „ «^OL7?
p»

(1.4.11)

- L p

c:ss2 c^s impIi^L in (11.4.10)

s -c-2 „ Li s 
p II

PSNt,!"U s1.4.12)o ,
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c»7^-r,' cO---,

LLr-s cist-sr-minL In (1.4.3) ^i (1.4.10)

-:k?î -- c" cr^<--k?,) - --k!p, -->->5, , <1.4.14,

->l" -«- ° o ' PSN<-I-U n > 1' <1.4.18,

uncäs L-L ^inut. LSLML cis (1.4.12),

lin, . <1-4.1°,

LOnclit^is Ls împuns In (1.4.3) ^i (1.4.10)

-k,^ î , <1.4.17,

-Z?L <ck^ ) > c"- Q'<Lk? ) - o > PS>->1.I-U n > 1, <1.4.18)
n p n* n m n^

UNLlS L-L NOt.Lt, p^(Ltl^^) - 

- ^<-k?)/ , r> L 1

- <<-I^)'^ -

Vin nslLt^iiis Lnt.sr-ivLr-s

^i L-L t^inut. LONt. LL k^^(L^^)

(1.4.14) ^i (1.4.1^), LS odt^ins

<i.4.is,

k^s cZs Lit,L pLr-t-s, List-smui iiniLN ^i

(1.4.1^) , LU NSLUN0LLUt,s1 s , n > 1NN
t-ul nsnul ^i, <2sLi, Lcimit,s NUMLÎ soluriL dLNLÎL

OMOgsn (1.4. 13), 

LNS clst-s^mi NLN-

- o , psnt,nu ONÎLS n > 1 . (1.4. 20)

"sinin^l LSLML 

psnt-nu LOlutfiL cäs 

L^S!-Oi cÎLÎ S

câs (1.4.10), (1.4.11) ^i (1.4.20), r-s2u1t,L

POt,SNt,iLl <^^(^,7?) ÎN SXt,SI-i ONUl PL!" t.1 LUl si

c-OL7? -»- o" O^(L^)LOLT) . (1 4.21)

blOMSNt.Ui cti pOl LN i Nl^UL l ON^i t-u^i NLi LÎ PLl-t,iLUls1

L^sl-OiäLis LULpsnctLt,s c!in LS Odtsins clin LsmpO^t,Lr-SL pcrt,snî,iLâ

lului sIsLt-!-OLt,Lt,iL (1.4.21) IL rii Lt-LntfS ML!-i cis LSNir-u!
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pLi-t.i Oui si ,

-2^ !- OOLS > O?/3) c^OLS/ !-^ , <1.4.22)

un^S L-L t^inut^ LSLML cis ^Ol-msiS LLi mpi.Oi.i OS ^2,22^ OOL7) OOLS, 

r^ 1/2 i- ^i 9 r-spr-s2sn-

1-^^ci OOOr-ciONL^si s L^Si-iOS. Ls iciSN^ii'iOL imsciiL^, în r-siL^iL 

Ln2si-ioLi-L ^1.4.22), in^SNLi^L^SL MOMSN^uiui Oli pOi L!- incluL iONgi- 

2ucii riLl
P ,, - 4srL7 O^ci"/ 3 -- V L? 2^,, ^L7 -L

pil m 1 pmpll^p >- m p m-^ II

- a - V L /? , si. 4.23)
pil pil p m pil p»

uncis L-L in2r-OciuL sxpr-SLiL (1.4.1S) psn2i-u (^ , ^inînclu-Ls OOnt, cls

i ciSnt,i i.Li.SL, u^on cis vsr-i^iOLt,,

- 1 Li uncis L-L NOt,Lt. OU V -- 47rO^L^^ Ot-»^ /3 -- 477L^d) /3 , VO- 
' p LL

iumui PLr-i.iOUiSi L^Sl^Oi ciLi S , OU

, (1-4-24)

^LO^Ol-ui âS cispOiLi-i2L!-S iONZit,u<iiNLIL Li pL!-t,iOuisi L^sr-oicâLis 

(S-^i-^L^/ fiinci SXOSN^!"i Oi t,Lt,SL LOSLt,SiL), i Ll- OU

« --V L
p II p m >- p m p II ->

Li >1 - (i.4.26)' pil p m p II -I

POi Ll^i 2Ld>i i i t-Li.SL lii pOi LI-L Li,Lt,i OL i ON^i i.Uiii NLi L L PLI"t,i OUi si 

L^SI-Oi <iLi s, r-SLPSOt,i V OOSL"i Oi sni.ui Lcii MSNLi ONLi Li LOSLt-Si POi L-

I- i 2Lki i i t^L^-i .

dO^SLpun^Li.Ol' OOM-PONSNLS^ USO LO^QLs Li^crnsus^saLs 2

O?,mpuLu^ QOLiu, LOiutfiL cis POt,SNt^iLi si SOi.I-OLi.Li,i O L SOUL^isi 

2LpiLOS (1.4.S) cispincis ^i cis OOO!-ciONLt,L L2imut,LiL LâiOL

w
P^(OOL7?) OOLMV^ , ti. 4. 27)
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L ^l^os7?) , (14.26)

uncis k^"', (2"" r-spr-s2l nî.2. funcit^111s ^s^snclns L8ocil2.t,s cls pn1mL ^1

L clous. LpstfL, psnt.i-u 1nâ1o1 înt-ns^l po2lt,1v1 I < m n si Li-gu- 

msnt. cls moclul 8upnaun1 t.s.n, 1ar- funcit^ls. l^s^snclr-s L8o-

cilat-â. cls pnlms. Lps^L, psnt.!°u Li-^umsnt. -1 ^087? 1. ^^1^ clst^i-

nitris ^2^

^(-i^) - cl" cl(o^), (14.29,

tz^(ci^) - 8k"^ cl^ <2^(^^)/ Ll(^^^), (1.4.30)

în (1.4.27), nu oontfins ^unot^lL <2^ ) , ci1 n Llis1 L^1

mcrt.1v 02. ^1 ciSLl2lt.L 8o1ut^.1s cls pot-sn^is.! 1nt.sl^1or- <^> , clLt.L cls

(1.4.9).

Ooncl1t^111s 1s. 11m1t,L cis t.l-sdu1s L^19U!-2>.t,s cls pcrt.snt^12c1 s1 s 

s1scit.r-O8t.Ll.1cis (1.4. 2?'), (1.4.2S) 8Înt. :

<^ ) I')^-»oo" ^P-I-^ -ir»7) <1.4.31)

?ssL c:s implicL In <1.4.3^) ^1 (1.4.SS): m - 1, psi-m1^!ncl
NOl,2.t^1 1 1s

s -6^,0 - , n > 1, (1.4.32)
>->,i n N>,1 ,-> N,L n. ' ^4..-*.^,

pnsoum 81 1clsnt.1^1ciLr-11s

- o , n > 1 ; <1.4.33)

<1.4.34)

cL!-s clst.sr-m1nL In (1.4.27) ^1 (1.4.2S)

cr, <-^^) - . <1.4.3s)

0^ cr^t--K?^) - 0 , n > 1 , <i.4.3s>

uncis 8-L t^lnut. 8SLML cls !-slLt^111s (1.4.29) ^1 (1.4.33)-

<111) ^p(â4d'"^) - , <1.4.37)
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CSI-S impuns in (i.4.27) Li (1.4.LS)

c:^ , (1.4. SS)

(1.4. 3S)

l^Sls^iils LN^Sl-i OSl^S (1.4. SS), (1.4. SS) ^onclcl^ 1s.

. (1.4. 40)

in VI-SMS c^s l>sis.^ii1s (1.4.SS), (1.4.SS) ^ONL^i^clis cln sist-sm 

iinisi- ^i c-mcr^sn c:u c!st.sl-mi nsni, nsnrul, clscii, LOlu^is dsnsiä.

-- O , , psnt,^^ crl-ic^s n > 1 . (1.4.41)

Oc-n^oi-m (1.4. LS), (1.4. SS) ^i (1.4.41), Lvlui-is. cis pv-

^sli^lsl in Sxt,sr-lOi-luI ps^i,ic:ui si L^sr-Oiclais sLi.s

-»- cosv - <1.4.42)

^VMSNL^L <Äi /^O L 

iclsis L^Lpsnclst-s clin 1.!^ r-s2^1t-L clin ?OmpOr-t,Lr-sL pot-sn^iLluIui 

sIsc:i.l-c)^^Lt,ic: (1.4.42) 1s clist-sn^s ms.r-1 cls nsnt-l-cii ps.l-i.isi,

^p-l- c:oL^ - (Lc^d^/ Z^sinS c:oL^>/ (1.4. 43)

runcls L-s ^i nui.^LSsms cls t^O^msis ssi mpt.c>t,ic:s ^2,22^: Li n7? sinS, 
Lli^ r^ l-/ c: , <2^(^li^) -2/ 3 L: -2c:^/ Sn^, <cc»L^ c:OL-r , eu

(i-,S,^>) l-spr-S2snt,1ncl crcrcrr-clc>ns.t-sis L^sr-icrs. în r-sis^is. s.nt,sl-ios.>7L

(1.4.4S), LS iäsnt-i^itiL imsclist, i nt,snLi t,st,ss mOmsn^ul cii clipolLi- 

inclr^L i.i-LNLVSr-Ls.i:

p - -S?IL s -- V L7 2^ ^L7 -L -s 1
ML p m pU- p m-^ l- m p m^

- « 2^ -- 
P-I. p_l_

(1.4. 44)

luncls L-Ä int,i-crcl^L SXpr-SLis (1.4.40) psnt.r-u » ^ininciu-LS Lont- 

cls i clsni-i t-st-ss., lu^or- cls vsr-i^i c^st,.

0^ («cli^i <2^ (c:li^î )Lti^^crli^^-- 2 Li i^ncis L-s NOi,Li, nu
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I. - -(1/

- (1/ 2)^-k^-(l^ S)-K^?î 1)>(<-Kik^-

- (1-^„)X 2 (^ >^») ' l1-^.^,

fLc^or-ui ds dspoiLr-i2L^s t,r-LNLVS!-LLl L Li pLl-i,icuisi stsi-oidLi, 

ian cu
« - V L7 5s -s * (1.4.48^

p-1. p m p >- m p '

-i /? - ss -L i s'- . (1.4.47)
' P_I_ V p m-^ >- m p -t--^

poiLi-i2Ldiii1,Li.sL dipoiLi-L Lt,Lt,icL i.!-LNLVsl-LLlL L pLr-i-icui,1 

sfsnoidLis, NSLpsci,iv cosfi ci snl-ui LdimsnsionLi 2.1 LCSLî,si polL» 

r-i2Ldiiit,L^i.
în dL2L ,-siL^iiior- dsdu^s MLi LUL (1.4.24) ^i (1.4.44),^

momsnLuL dipoLcri^ indus sc?riuQLsnL p crL pQi^LicuLsi s/s2-oidcrLO 
p

suspsndcrLs din 1.?/ ss pOLt,s scr^is :

p - p » * p - « „2*. « 2^ - V L 5(? .,2°,. ZE- -, (1.4.4SI
^pll pH pi! p-l- p-l- p pli pil p^.

înt-r-u^i t. « ,, ^r« (r-ssps^t,i v /Z ,, )» p ,
pil p-l. pil p_t_^ p pll pi!

2U, In Zsnsr-Ll, ctir-sc^^ii âi^sr-it-s, 2st,^sl ciL LLupr-2 pLnt,i culsl 

sfsr-siril2ls LULpsnc^2t,s ss sxsi-c:it,2. un cuplu 6s sisc^r-ooi-isni.Lr-s, 

Lvlncl modulul :

>pp - -(1^ 2) (°^- )- sin.

-1^ 2). . (1.4.4S)

Sud LO^iuNSL LCS8t-ui cuplu (C2.I-S sst,s M2XÎM PSNt,l-U ^--^77/ 4), 

PL!-t-iCUls1s 2NÎ2OMSt,!-iCS (L^sr-oidLls) t,ind L2 LS Ol-isnt.S2S cu 2- 

XL ds Limst,r-is 02 (coincidsnt,L cu LXL MLl-s, ds polL!-i2Ldilii,Lls 

mLximL, L pL!-t-iculsi ) PS dir-sc^iL clmpului Lci.iv 2^, Ldicâ 

ll'lt-^-O POLi^is în CLl-S cuplul LS LNUlSL2L, SNSNZiL POt,SN^.iLlL în 

cîmp sisct,r°0Lt,L^ic L pLi-t-icuisi

"p ° -( Ppbp 2 - 2

° -Vn. (2°) -^ 2, <1.4. so,

fiind mi ni ML (mscQnism ds poLQ^iLQ^s ds Lip or-isnLcr^ ionaL ).

BUPT



49
în i-siLtsiL Lnt-Si-i OLI"L (l.4.ZO), L--LU not.Lt. ou p k> II p-l-

p p II p-l-
Lni 2ot.i-opi L poi LI-i 2Ldi i i t.Ltfi i ciipoiLi-s Lt.Lt.ios

L pLi-t.iouisi Lfsr-oiolLis, 1-sLpsot.iv Lni 2ot.r-opi L oost^i oi sni.ui ui

Lcli MSNLi ONLi Li LOSLt.Si poi LI" i 2Ldi i i t.Lt.i .

cls^i ni t.i i i s (i.4.24), si.4.26), i-SLpsot.iv

-sinincl LSLML ols

(i.4.4S),ll 4.4^),

MLI- i MSL

ocipi cii cii cis si Sot.1-001-i snt.L>-s L pLi-t,iouisi Ll"si-oi clLi s, r-spr-s2i nt-s.

o L^uno^is cis ooSi7i oi snt.ui cls Ll"si-i oi t-Lt.s L^/ Li pLi-t.iouisi,

pi-soum Li cis i-s.poi-t.ui c1int.i-s psi-mi t.i l^i t.Lt^i i s Lt.Li.ios Lis

pLi-t.iouisi Li msciiuiui si cäs LULpsiiLis l^ld-l-^-2). dum si-L äs 

iLL^spt-Lt-, iri oL^ui ) —» i Li pLi"t.iouisi ooioiciLis L^sr-ios,

^p!I " O Li, svicisilt.» oupiui cjs sisot.i-o oi-isnt.Li-s L

PLI-t.i ocui si LS LIlUiSLLL l l d - l ' ' 2c ) -

vLOL i.d-1 LS PI-SLUPUIlS O LULPSilLiS OOioil^LiL LU^ioiSIlt. ÄS 

<ÜiULt.L, in OLI-S PLI-t.i oui si s Lili 2OMSt.I-i OS l^^bi-oicZLis ) LULPSNcäLt-S

Lilli. 01-isnt.Lt.s tlLot.io LdLSIltfL oimpuiui sisot.r-oLt.Lt.io) ciLt.O-

r-i^L Lyi i-L^i si t.Si-mi os, Lt,unoi momsnt.ui lii poi LI- msoli u, i nciuL cis 

oimpui sisot.i-io Lot.iv s^^2.t.io Li unii'oi-m) in pLi-t.iouisis

^i.Z.i.4.2. lDspsncisnt^L Lni2ot.i-opi si

ooSl^i c^i snt.ui cis L^sr-i oi t,Lt.s L^/ l^)»

i-SLpsot,i v cis i-Lpor-t.ui psi-mi t.i vi t.L^.i i oi-

S^Lt.iOS

ooioiciLis clin Li-s int.snLit.Lt.SL

BUPT



so

os , (1. 4. S1 )

uncls L L Nst-Lt, <SOL^> msclia st.Lt,i st.i OL, Lis t,ipui (i.Z.SS)^

In LLl-S iNLL, L—><^-V L ^8^'p m p p v
1imit,L (U2ULIL In PI-L^i«-L) c << 1' SS clS^U-7S clin r-siL-

t^iL (i. 4. Si), in Lpr-sximL^iL cis s^ciinul llnru in c, 

( ^)c«i - V-^ - °:

- v-tt -I °° - >-

Int,r-c)clucincl sxpi-ssiL (1.4.S1) in cls^init^iL t,SOl-st,i ss. L psp- 

mit,i vit-Lt^ii Lt.Lt.ics sfsst-ivs L (1.2.10), l-s2crit,L:

uncls 8-L NOt.Lt, OU

-»- L/? <cos^> ,1.4.84)
p p-l- p

OOS^i Oi snt.rui Lcli msnLi crnLi Li psi Li"i 2Ldi I i t,Lt^i i Lt,Lt,i Os cii pOi Li-O 

mscii i L pLr-t.iOuisisr- OOloiclLis Lni2omst,i-iOS ss^si-siclLis ) clin

l^L Iimit,L ^ << i, VL1-iL2L PLt.^Lt,lli i nt,snsi t,L^i i

cimpuiui sisct,i-ic LOt,iv,

( < )c«1 °( 2^ ,1.4.88)

iL fsi OL ( ^p^)s<<i l-kl psr-SOki cls pLnt.icuis OOlc»iclais

s^Sl-iOS in int.sr-LOtfiruns clipcriLi-L cis t.ip cilldlst,.

în ipcrt,s2L L, ciin (1.4.SZ) ss pc»Lt.s odt^ins c»

cks Li/v ^oLcîs^ - ^crn ScrnLsn ^Si,O2,KI3^:

* " ^ ) - (i. 4.S6)

psnt,r-u Oimpui LOt.iv Z" fc-r-ML (i.Z.S), cr^ (1.4.S1) 

(I.4.S4) in (1.2.10), r-s2luit.L

° <°p Pp 2)^. ,1.4.87)
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în LÜr-^it,, In ipvt-s^L iui LÂt,iv ^or-snt,n si. 2. 12), ss

ÄsÄuc-s Äin si. 4. Si) s^UQ^icr Äs Li/v t7 L crus i us-^ossO L L i ^ki , K2^ :

2) - î )> 3-^ , (1.4.SS)

^NÄS - V L7 /?^ ÄsL'init, in (1.4.S4).
p p p p

I^siL^iiis Lnt,s^ivLi-s si. 4. SS)-si. 4. SS) r-spi-s2i nt,L SXPNSLÜ 

Äs c:Lic:ui Li i,sr-NLi.i vs Lis psr-init,ivit,â^ii Li-Li-ic^s s^sci^ivs 2.

cTiru pLi-i-i ^ui s cioioiĂLis ani 2Omst,n i cis (s^sr-ciri ÂLi s ). l'oLt-s L<?sst.s 

l-sis^ii pl-ssupiun un ms^Lnism Äs psis.r-i2s.r-s Lt-st,ic:L p,-in sisc-t-r-s- 

oi-i sn^Lr-SL inÄiviÄusis. s pLn t,i c:ui si Or- OOiOiÄsis Lni 2OMst,r-i OS, 

nsi NOLr-OLt,S sisOt-l-ic: ^i fsr-s. 2H Lt,LLLt,.

1.4.1. Ls^ul P2nt,i^ulslor- Lni2Omst.i-iOs OU Lt-i-st, Âubiu sisOt,r-iO.

L^sd.ul poIiÂiLpsr-Lisi

psr-t,iOuiL OOioiÄLiL Äs ML^nst-it-L Äin LS OONLiÄsns. Äs

^or-ms L^sr-OiÄuiui siun^it.» Äs psnmi t,i vi t,Lt,s Li,Lt,ic:s. L7^ ^i in- 

?Li-?2.t.L c:iu LLl-cinL siscüt.!-iciL Lllpsr-fic:iLiL fixL, Äs Äsnsit-Lt-s 

cionLt.Lnt.L dsnt,r-iul Äs simst,nis ^i Lxsis pninc-ipLis sÄs sims-

t^l-is) Lis pL!-t,i^iuiSi L^sl'OiÄLiS LS LÄOpt.L civinc^iÄsnt,S c:iu sniginsL 

O. l-SLpsc:t.iv ciiu Lxsis Ox, O^, 02 Lis iuniui nspsr- CLr-t,s2iLN. 2s 

LLOcni L^L PLl-i,i ciiui si llOi Oi ÄLi S Li Lt,SMiUi Äs esoNÄONLt-S LfS^kDi ÄLi S 

77, v^)' LLt,1"si in^it, LiUPI-L^L^L PLI° t,i c:ui si LS Äs^ins^»t,s p!°in 

L^si-oiÄiui Äs sc^iUL^is NOt,SL2L ciiu L^, iiunZimiis SS-

miLxsioi- mi^L, i-SLpScrt,iv MLI-S, Lis Lc:SLt,ui L^sr-OiÄ, iLN ?IU 2li, 

ÄiLt,LNt,L i^i ^oc^LiL sfi9-i.4.Z).

^LI^i-iLIiUiL LiULPSNÄLt,L pr-S2int,L in iUN ui si iUN 2O2 Äs t,ip

2t,sr-n, Äs psr-mi t,i vi t,Lt,s Li.Li,i c:L L7?» Äsi i mi t,Li, i L sxt,sr-i si- Äs O 

LiUpr'LfLtfL L^Sr-criÄLiL, LVinÄ S<^iUL^iL ^^2 Lsmi Lxsis L^ ,

sL?< ' inc^L^c:L^L ciiu LLr-c:inL sis^t,r-icL (L ciOni-r-LiOniiO!" ) Äs 

i1snLit,Lt,S t^i9.i.4.Z). L^si7Oi2ii ^i ^"^2

c^ONfocHLÜ ^i LLSMSNSL», LLt,^si ciL

LXL -- b / dr -- ciX. / c:X -- -- cionLt-. t >i ), si.4.SS)2 1 2 1 2 L

UNÄS

cusi or-

si nt, iuni t,L^i i s i o^Li s Äs i unZi ms ^or-SLpiun2Lt,SLr-s

ÄOUL Liup^L^St^S Li'si'Oi ÄLi s ^2, . k^Li.L Äs Äi^sn^iL cri mpru-
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k^i^-1-^-2. ^L!-t,icuiL L^sr-oi 6Li s. cu L^r-Li. Li.sl-n Li^LLLi., 
imsr°LLt,L In ms6iui ii cinici cis LULpsnLis Li 
L^iLt-L IN P!-S2SN^L timpului SiSct,r-ic Lciiv.

(Lt.Lt-i^ ^i uni^ci^m), pLi-^icuIs. L^sr-oi 6LiL

cu Lt,r-Lt, Lt,sr-N Li.L^Lt. SLi.s cn-isnt.Li,L cu UN un^ki Lr-Si^i-Lk- in

piLnui xOi: (fig. 1.4. 3) , psr-mi^incl, LLt,^si , clsl^ini^iL vsc^or-iaiL 

(1.4.7') psni.r-u 2^. 
p

dd-SLpun2Lt,oi- ccn^/vONSnLsi Lon^i LucîLNQLs cr cL/n^uLuL crcLLV 

2 ,, , momsn1,ui ciipoiLi- inclus sclii vs.isnt, p Li PLl-t,icuisi L^SPO-

iclLis cu Lt,r-Ll, §t,sr-n Lt,L^Li, Ls 6st,sr-mins. clin solutis. scuLl^isi 

I^LpiLcs L pot,snî^i Li ui ui si sct,r-OLi,Lt,i c iL cli Li.s.n^s MLi"i cis pLl"t,i- 

cuiä. ^.L^^si, in l-s^iuniis cis cimp (iipLil-s äs LLi-cini sisc^nics 

cis volum) clin i nt,sr-ioi-ul ps.r-t,icuisi L^sr-oiclăis <i), clin Li,^Lt-ui

§t,sr-n Li.L^Lt. (2) ^i clin sx^si-i d-ui (3)» LoiulsiL cis

pot^sn^i Li 2. scu2tfi Si I_2.pi Lcs (i.4.6) L'i i nci Lxi Li-Li mst-!-i CL, SS 

CLut,L cis ^crr-ML:

>--r.2,z. <i.4.so>
N--0

Poi.sntfi Li ui <^^(^,7)) nu convins, inLL, funct^iL <2^(c:l-r^), 

CL!-S pr°s2int,L Li ngui LI-i t,Ltfi in PUNCTS int.sr-ioL^S pLi-t,icuisi Lfs- 

i-ciciLis (0 < ^^5si CL in (1.4. SO)

n > O . (1.4. 61>

BUPT
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l^s. I-Inciul L2.U, pOt,sn^i2lllI sxt,sr-ioi- (^,7)) LS c:OmpOr-t.L I2. 

invinii. ciOnk'Or-m (1.4.11), 2Lt.fs1 ^2 In (1.4. SO)

- -^2^ si - O , psn^i-o n 1 . (1.4.62)
3i p» ' 3n,

Ooncii^iils äs i ni. sr-5*2^2., cis t,r-sduis L2t,i L^2.cicui.s cis pot,sn^i2- 

Isis (1.4.SO), Llnt- ^!-m2t-O2!-slS:

' li-4.s3)

^SS2 cis impliciä. 177 (1.4. SO)

ä" k- (ck? )- p (ck^ )- s" <2 (-K? )-- o, n > o ; (1.4.S4)
in, n> 2n> n, 2" n* ,

<11 ) , l1-4.SS)

tiOnciit.is cis impuris In (1.4.SO)

S^o- ' (1.4. SS).

b^-.^(ckr^)- o, l, > 1, (1.4.S-7)

runcis L-2 ^inrut, LS2M2 ciL, p^in cis^ini^is ^1,^2^,

( S^(1/ 2)ln^1-^c:KIk)x(l--k()^/ ) - -1/ sk? :

(111) - - (1.4. SS)
^2 ^2

cisiis cisi-sr-mi N2. In (1.4. SO)

, (1.4. SS)

L^I-"(-l^)- S^^(--^^)- S^Q^t-^^)- O. n -- 1; (1.4.70)

d") ' l14-^)

ciSS2 cis, in (1.4. SO), l^onciiucis l2

(1.4. 72)2
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O . ^ > 1 , (1.4.7«

i^ncäs 8—L ^-inr^ii, LSLML cis (1.4.62) s s. s.ciopt,L<, Lpl^oximL^

Unlsr-L (1.3.20) psnt,r-u <äiL äs 8L!-c:înL L c:On^r-LiOn1I« 
L rr >I

ciln Lt.^Lt.^1 Lt-sr-n c:u <5^ - o

Vin i-slL^üls (1.4.66) (1.4.72), ss Od^lns

-^(^^)>k<^. (1.4.71

2s cis Ll t.L PS.!-^S, ciîn c^ONtii^ÎL äs ^VLLi-si sc^r-onsu^i-Li i t,Ll.s 

pL^^icilllsi sk'si'oiciLls c:^r 8t,i-s.<. §t,snn Lt,s.^s.t,, în LdLsn^L ulmpuluü 

slscit-ili:, i-S2^I^L

2" --- O , (1.4.7^

!
uncls 277L^ f l), !c-1,2 , r-spr-S2int,L LI-Î1ÎS L^sr-OÎ2ÎlOr-

ciOnt. <^L, clin (1.4.6S), ^2^2'

IL^ÎL Lnt,S!-iOLl-L (1.4. ^6 ) ciOnclucis IL

2 8 2 8
" ^-,o O . (1.4.77,

ciLi-s împr-siunL (1.4.6S) ^st,s!-minL în (1.4. 7'6)

L X L X -- (X / L L O ,
11p 2 2 S,0 ^1 1^ 1 P 2 S,0^

LcileL S^o O . (1.4.7S»!

Li8t.smul cis si:uL^îî (1.4.64) ^Î (1.4.67), psnt-l-u n -- 1, 
(1.4.6S)^ (1.4.73) ciu nsc:^nssl:ut.s1 s , s" , s" , Osr-mit-ff,

11 21 21 31
8L 8S sd^i nL, ci^pL sl î mî nLr-î 8uc:c:s8Î vs,

b-i- (1.4.7S,'
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uricas L-L not-2^

(1.4. SO)

(1.4. S1 )

^1 8-2 t.1nut- oorit, 02 8l"si-ol2l1, oon^oo2l1 ^1 28smsiis2 ^1

2u 20SS2^1 sxosn^r-1o1 t,2t,s s.

l^Ä 1-lncluI 82U, 8i8l.SinuI I1nl2i- 81 omogsn (1.4.S4 ), (1.4. SV), 
(1.4.VO), (1.4.V4) ou nsouno»8out,sl s , 6^ , psnt-r'U

nios n>1, 21-S Sst-sr-ml 112111. ul iisnul 8l, Ssoi, 2S111II.S So2i- 8olu^.i2 

dr2H2l 2

-- -- 8^ -- 8^ -- O, psnt,r-u Opicis n>1. (1.4. 82)
LN» 2N» 2n» 31^,

-sä.l-»L^ 8SLML câs (1.4. SO), (1.4.S2), (1.4.7'8) (1.4.82),
I-S2IUI^L LOlutfiL Ss pot,sn^ial <^^i^,7?) Sxt,sr-1 Ol-^I PLI--

Lf'Sr-OiSLiS CLU Lt-si-n Lt,LL2.t,:

-»- cc--7) . (1.4.SS)

Oompor-^L!-SL 2.81 mpt.Ot,1c:s 2 pOt,sli^.1 Li ul u1 s1sc:t,r-O8t,Lt,1^ 

(1.4.SZ) l2 Sl8t,2!-»^s MLI-1 Ss ciSnt,^uI P2.r-t.iculsi, S8l,s 21121092 

HU (1.4.22), 2^11^2

</>^(^,7)) c:O86 -»- 3) COL9/ 1-2 . (1.4.84) 

22 PSI-Mi<,S 1 Ssrit,1 t'l <1:21-82 1msrll2t.2 2 1 nt,sri8l 1.2^1 1 MOMS1lt,Ul u1 Si po

li 21- IOI19I t,uc11 ri2l 2l P2i-t,1 ouls1 8l"si-o1S2ls ou st,r-2t, §t-s^n
PS

2l.2^2t, :

i
l unäs

«" 2",, -- V L7 2",, , 
PS pll p m PS p»

8-2 1nt,1-0»olU8 SXPI-S812 (1.4. VS) psnt-1-u

(1.4. 8S)

448^^, 8-2 msritsinut.

clsf1n1^l2 Iu1 ^1 8-2 not,2t, ou
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pol 2I-l 22dl l l l.2<.S2 t^lpolLr-ä Lt.2t.l02. l onZl t.luc^l N2l 2 2 P2l-t-louly- 

T^sr-ol^Lls olu Lt.r°2t. ^t-sr^n 2t.2L2t., l-SLpsot.lv ^ost"l ol snt.rul 2cillmv^> 

Llori2l 2l 20SLt.sl pol 21-l 22dl l l t.2t.l .

(HOI" SLP^1112:2.1.01- O OM^PO/ISTI t s t 1-so^o^tQ^.s L I-LATIL^SI-Lcrs c

or.nip^L^/t QoLtv (Lt.2t.lo ^l lunl^oi-m), Loliut.l2 cls p0t.snt.l2l 2 SOUL 

t^lsl l.2pl2OS (1.4.S) r^splucls Ll cäs oooi-ciion2t.2 22lmu^2l2 Ll^iciL

<<-k.^.v) <(^)^

x?' (OOL7^) OOLM^

k^ot.S1ltfl 2l lul LS OOMPO1-t.2

OSS2 OS implloL l n (1.4. SS): m-1 ,

pr-SOlum Ll l c^Srit,l f"l oLi-l l s

- -oL^ 
3 1 p-l- ' 3r>

1 .L r-lnc^rul L2IU po^sri^läl^l 

!1 LOSlLLl mo<.lv 02. LÎ OS2l2ll-2

2L^.^sl 02 lri (1.4.SS)

, k--1,2,s . (1.4.86,

l2 l I-l^l!ll OO^^OI-M (1.4.S1), 

1< m < !1, psr-ml t^l r-.cl ^o^Ldlils

I<--1,2,Z, r^>1 , (1.4.89)

- O , n>1 . (1.4. SO

liiu oori^li^s ^^^ot.l2

Lol^-l-ls cls po^snt.l2l ll-.^sl-1oi-

S^ - O , n>O .
INI (1.4. S1>

L)l ooriLîl^lllo clo i I^^SI" 1"2^.2 os î,l-stDlUls L2^.l LlLO^^S Lls 

POl,SI^^l 2l sl s sl sollt'OL^L^l OS ( 1.4 . SS ) , LS od^ll^, 2.112.1 OA O22ulu1 

olmpLulrul 2O^lv lon^ld^^luLl:

- ^'<--^.> - S^«'<--k<^ - O. ^>1 ; <1.4.32,

-O.s.>1 ; <1.4.33,

<1.4.34,

o, n>1 ; <1.4.3S,
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21 i minini Lluc^^sLiv ps 

^(i.4.S2), (1.4.S2), Lc:niLS psnVnu

LS cud^ins, îl-» 1"inLi:

6^ --- ci:2^ sL^ -sr <2^(c:l-7^ )/ Lk^ -
3L p_l_ p« 1 P«1 ^2^ ^2

- (I.^.SS)

O, N>1 . (1.4.S7)

si int-^s scus^iils

n-i, <1.4.S4) ^i (1.4.88).

Vi l^.l.SS)

unc^s L-s. no^si.

* (^-<°  ̂ (1.4.SS)

c:u

-k?^- -k?^. <i.4.100)

k^s cils Ält,L ps.!-t,s, r-sls.^iils (1.4.S2), <I.4.SZ), (I.4.SS),

sl^.S?')» psn^i-ru oi-icis n> 1 , cior^Lt-it,iuis liiiis.!- Li smo-
osn, c^ru ^ScniunoLc:lut,Sl S , S^ Li c:u clSt,Sl-miriLnt-ui

LN, 2N 2r^ 3"
NSNr.il , LL^fSi ^IA LOi^^ia LiL^smruIrui SLt,S c^SS. b-LNLlL:

-- -- -- o , psn^r-ru onicis n> I . (i.4.iOi)
Ln 2n 2N 3r^

cion^oi-m (I.4.SS), (i.4.SO)^i (1.4.ivi), LOiu^iL âs pot-sn-
^is.1 <z>^ in Sx^SniOi-rui ps.^i.i c:rui si Lf'SNOicăs.Is Lt,nLt, Li-sr-n s.t,L-

^Lt.. SLi-S

, 7)» v^) - Lli^ -»- )^Li n7) ^OL?/ . (1.4.102)

Oomponi-LNSL LLi mpi.Ot,i ciâ. L pOt-sntfi S.1 r^1 lli siscit-r'osi.Lt-iL 

(1.4.102), Ia ciiLi.LN^s msni cis c:snt,i-iui pLnt,ic:uiSi, SLî-s LNLlO^L 

ciu (1.4.4Z), s.ciic:L

BUPT

NSNr.il


56
-- n -INS ^. <1.4. 103,

PSI-Ml^s iolSN^151oLi-sL i ri^sriLi ^Lt^i i momSrit.uIui cli pol Li- i rict^

t.p LNL VSP LLl p^ , sotll VLl șut.. PLI-t,lOUlsl L^SPOicäLls ci u Ll-5 Lt. §^VNs> 
P»

Lt.L^Lt, :

p^ - -STIL > 3 - I^v L (L^ -
^ps rn 3 L p ni ps rn P-> ni-* _!_-- P-U

- - V L , (1.4.1041
PS p-l- P rn ps p-I-

uricis L-L lrit^i-ocluL sxpi-SLlL <1.4.SS) psnl.r-u 6^ , L-L MSiit^lpiut. cis- 

5irilt.lL <1.4.4S) psiil.i-u l. <L5sr-ol2ll ^^^2 ^vl nci L-

ossLLl sxosrit.1-l ol 1-Lt.s s) Ll L-L riot.Lt, cnu

pol LI-i. 2:Ldi I i t,Lt.SL läipolLI-L ^t-Lt,i OL p LI^L VSI-Li L L PLI-t. i o lul sl 

^fsr-oiclLls 01^ Lt.i-Lt, 3t,si-ri Lt,LLLt., r-SLpsot.i.v oosL'i oi. srit,^il Lctimsn- 

Li oriLl Li LOSLt.si pol LI-i 2Ldri I i t,Ltfi .

îri LPI-oxi MLI-SL Lt,l-Lt.iul^i St.sr-ri LUdt-ll-S, L>> -> 1 , L7 -- L: ,
' s p

-- - o, LLt.fsI OL pslLtslils - 80) , <1.4. SS) c^sviri

"p-" -p* ' ll. 4. 1O7>

i-s^psot.i v

(1.4.108,

^Lt.S V^OI- c^S odrssi-VLt-, OL li-r OL^ruI pLp t.1 Ol^l LI-: -- O,

1 , Li pLi-t-io^llsl L^spoil^Lls risl riOLI-OL^S slsol-i-io ?1

5är-L TOT Lt^L^Lt., 1-slLt.iiIs ^s^LS Li-il-Si-ior- <1.4.SS), (1.4.1O4) 

LS LlmpUf'ioL IL <1.4.23), i-SLpSot.iv (1.4.44).
^omsrit.u1 Äl pol Li- i i-icliuL sotii VLl srit, p^ al pLi-oiul si L^si-O- 

icZLls ou Lt.i-Lt. Lt.si-i-1 Lt-LLLt. okt^ins, oori^or-m <1.4. SS) 

<1.4.104), sxpr-SLiL:

p _p" > c>^ - V L7 s/?" 2^.. -»- /?^ 1 . l1 4 1OS)
PS pil PS p^ p rn PS p!I PS P-I.-^ /
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OSOLPSOS « --- cx^ (pSLpSOi,i V, /?" -^ ^ ), !-S2uii,L OL vsOi-v-
-x -L* -<»

r"ü p bi 2 -- 2 ,, -»- 2 , au, In ZsnspLi, ÄipsOi,ii Äik'spii-s ps ' p pH p-l. '
^i, ÄSOi, LsuppL pL!-i,iOuIsi L^spOiÄLls OU Li.pLi, Sî^spn Li-L^Li, ss

SXSpOii-L un Oupiu, äs moÄui

!pp." 2) ( «p. ) ( 2).

-(IX 2)V^( ) ( ^ )" 2^ , (1. 4. 11O)

î^Ll-s i.inÄS LL or-isni,S2S pLl-i-iOulL OU LXL si ML!-s (OOi NOi Äsni.L OU 

LXL Lis LimSi,piS O2) PS Äir-SOifiL Oimpuiui LOi,iv 2^, LÄiOL ini-n-s 
p

po2it-is in OLPS SNSpgiL poi.Sn^i Li L in Oimp si SOi,pOLi,Li.i O L pLpi,i-

Ouisi,

p^ '2^ 2 - - OOL^^ 2^ 2
PS ps p p

- 2 , (1.4. iil )

^Svins minimL sms^Qnism. <Äs POLLLZ7scr2"s sLQLiOQ Äs Lrp O^isntQ^rs-

NQ L ).

- /?
II
PS

Li p»
ÄipoiL^S Lt,L- 

^iOS L PLl-i.iOUisi L^SI-OiÄLis OU Li,l-Li. Lt-SI^N Lt,L^Lt-, I-SLPSO^i V

ÄNi 2Oi.!-Opi Ä OOS^i Oi snt-ul ui LÄimsnsiONLi Li LOSLt-Si POlL^iLL^ili- 

i.L^.i.

în OL2UI LU^iOisnt, Äs ÄilULt-S, OON^ininÄ PLI-t-iOUlS

LNi 2OMS^l-i OS s L^SI-oi ÄLi S ) OU si-l^Lt, §t,S!°N Li-L^Lt, Sr°iSNt,Ll.S KLvt-iO 

sin LkLSNisL Oimpului SiSOt,!"iO) ÄLt,Or-ii,L Lgit,L^iSi t,S!"MiOS, MOMSN- 
t,ul ÄipoiL^ MSÄiu, inÄUL Äs Oimpul LOt,iv 2^ in PLI-i,iOUlsiS 

OOloiÄLlS Äin 2K1, L,!7S ini.SNLii.Lt.SL

p^ - <p^ 2^ - ^-^cx <OOL^>*1 2^
PS PS p p PS ps^ p

UNÄS <OOL^> I-SPPS2i ni-L MSÄi L Li.Li.i Li,i OL, ÄS i-i pui si.Z.SS), 

s 2^ ^/2K 1- V L f 2^^/2Ic 1.
s PS p^ o p m PS p^ o

în ipOi.S2L 2^ 2, Äin (1.2. IO) ^i (1.4.112) LS Odtfins o
p

/Or-?7ruLL Äs Lip /'oLÄsr- - uan LcrnLsn pSni.r°u pspmi t,i vi i.Li.SL Li,Li.ipL
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sl-sc^ivâ L I-I>1 c:oI°1âLls L^1-:c,mst.i-lLS l-t^°.

2-6Lls) Lt,NLi.

- - L (1-.- p ^*° )> li. 4.113,
m p

vncls

^/? <c:vL^>. (1.4.114)
p» ps

I^L 11mit,L C << 1, Ls clsclv^s c^i n (1.4.114), in Lpr-oxima^i-

(1.3. 68) 6s sr-clinvi unv in L ,

li-4.11S,

L^i^L o cjSpsn6sn^ä. pâ.t,i-2.t,i ciâ. 6s cimpoi sis^^r-ic: Lci:i.iv, 2.NLI09 

(1.3.64) ?i (1.4.66).
2snt,nv timpul Lc^t^iv 2^ cls^Or-ML (1.3.8), (1.4.112)

(1.4.114) In (1.2.10), i-s^rult-L

- - (L- z)). si-4.118,

în sk'in^it,, In ipO^si-L crimpvlvi Lc:t,iv I^Or-Snt,2: (1.3.12), ss 

clsclvc^s clin (1.4.112) s<^VQ^icr c^s Lip (7 L Qvs i vs-/^c?ssO L L i:

ss - 1^5^7 2^-sn^ « -»- N^ ^/3L7, (1.4.11?)

uncls - v /?^ cls^init, in (1.4.114).
p» p m p» p» '

kslL^iils Ln^sr-iOLi-s (1.4.113), (1.4.116) ^i (1.4.11?),

cLs6uLS psnt.r-ll psr-mi t,i vi t,Li.SL Lt,Lt,i ciL sl'scii.i vL L COn1,i nin^

pLnt,ilüuis ciOiOiâLls Lni2OMst,nic:s (L^snviÂLls) ciiu St-sr-n

Li.L^Lt-, 9SNSNLÜ2SL2L PS (1.4.66), (1.4.66), nsLpsc-^iv (1.4.6?).

în sc-Opiul 6st,snmi nLl-i i s/s^L^Li^i poL i(Âisps2-sisi cri

pQ^Licii^Ls Qnissm-sLni<7S <7s/snc>iÄcrLs7> crs^pr-Q ps2-m,i L ivi Lâs i i scrLs 

siQti^s s/scLivs, Ls int-nsclvcS k'unri^iL 6s nspLn^i^is Lt-L^iL^ieL 

lOgnsr-MLlL, c:s.r-s MO^siss^L c^si ms.i dins 6i st^r-i dv^i s. vslumi^L 2 

Lc:sLt-si- pLi-^icvis ^83,041. , psni.nu k'nLci^.ivnss. 6s pLi-i.ic:uis

LNi2OMst,nicis LVLpsn6Lt,s 6in vnit,Lt,SL 6s vvlrum L nar-s su

vol vmsis l^upr-inLS int,ns ^i V^, -»- 6V^ , ss pOLt-s Lc:r-is sxpnssiL

unâs âsnsl^L^sL âs r7epar^i^is lO^ncu-malä l63,041,
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(1.4.11S)

sLls cis^Inilä pr-In msciiL gSOmsli-i ciä. V^ 2. LSlSclisi cis valoni

LSLls^SÄ Ll-LnciLr-ci L Icul In ,p

^-l(1/n)L (In V^-In V? <1.4.119)

1-1

^L^^Or-^ll I/V2^r L I-S2ul I-Ll. kiin conciliis. cis NO!-MLI-S k (V )âv -I.
^Inlnci LSLML cis sxpr-sLÎL LNLl i t-i l^L dl. 4. USD L cisnLl t,ä.tsi i els 

r-SpÄl-IIliS loZnor-MLl L, LS odlinS ^Ll-L cii 5"! cilll t-Lt-S, MOMSNl^l äs 

LSlsâÎS cis Ol-liinul Ic ^63,04):

»>1." k.»<v„)äv - sxp lk In v^, ^-^<^>^/2 ).
k k p,msa k> (1.4.120)

mscZii 2 pL!-t,Iln^lIslV!- ^olvicials s.ril 2Omst,!-I tüs ciin Sxpr-SLÎL

c:c>l-S^lL^ä:

l ?< °°° ^ >k^<V^)äV^. (1.4.121)

IImII-L ^<<1 , In r-slLlilloi- dl. 4. SS), dl. 4.120)

Li dl.4.121), LS OdlinS:

'^>c«i^^ü"^>/^ < 2<^)^sxp(in v^ ^<^>'/2 )/

/45^1- ) lk-ä)^. (1.4.122)
s p

l^Lc^I nri L^d»Lt.11ut-I i 1S Li mpl s /? —, /? ,Pll P->- PS
In d1.4.121) ^1 d1.4.122), !-s2uIt,L c-Or-S^tfli Is !-slA^Ii1on

dl. 4. 114) Li d1.4.11S) âL^Oi-i^â pcrl I cil Lpsr-Li Sl 1^1 ciON^InInri 

ps.i-^1 cirul S 2NÎ ?:omS^r-i cus Lt,r°2l. Lt,s!-n 2l,2LLl.
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1.S Oompsnsiis MOI- nsLuiisis ^ssnsiiLs 

sxpsnimsnisis âi. si SLinomsî,ni. LS

Lu clais

k-snt-nu L LLMPLNL n S2 ui t-Lt,si s t,ssnst,iLS r-stsni t,OLi-s iä 

poiLNi^LNSL L^L^iLL L i.!^ LU LSiS SXPSN i MSNt,2i S , LiN^UNSis ÄLt., 

cli si SLî,nsmsi,ni LS cüLpsnidiis su i^OL^ Lsls Lli n iuLNLnsL ^11^, 
LsisL^Lt-s in i.Ldsiui 1.3.1. ^Lsui-Li-Oniis SfSLt,ULi.S in lnj

nonsLpund cls1"i ni ^.i si sxpsnimsn^Lis di. 2. 13) 2. psn mi i-i vi i,ä.i.i1

Li.Lî,iLS Sl^SLi.iVS — L L psnl.nu O PN sdä. äs 1^4 LU MLtANS^i i.2. d ^s

LONLSNt-N L^i s VOiUMiLL ^-0.22) in pst^noi dcls psn mi t,i vi t-2.l.s

nsiLt.ivä. L -2.1). 
rm

^Ldsiui 1.3.1

< sxp. )
L

l SXP.) 
/IV^VM^^/

PS
(eal?.)

o o U
l v)

 » i-"
0 kv

I

(ealc:. )

4. 3 1.3 3. 33 2. O2 O.OS x 1O"^0

4. -73 1.73 4. O4 2. 4S 0.11 x 1O"^0

3. 13 2. O 4. 44 2. SS 0.11 x 1O"10

3. 3 2. 23 4. -7S 3. 43 0.10 x 1O"^0

înt,NULit, LLSSi-S NS2Uii,Lt.S sxpsn i msni.Li s L-LU odt^inut, in Limp 

SlSLt,NVLt,Lt,iL int.SN8 dL^10^/Vm^^/, LON^ONM t.Ldsi ui ui 1.3.1), 

msdsiul 1,sonst,iL LLMPL^idii LU sis SLi,S LSI Li poiLNiLLNÜ

Lt,2t-i LS L I»lv1 MLNOLli 8PSNLS LONi^i ni nci PLNi-i LUi s LLtl Oi dLi s Lfsni LS

in dL2L nsiL^isi d1.Z.6S) 

clin t-adslul 1.3.1, L-L

LU

LLiLulLt, LOsfiLisnt,uI acli msnsi LNLi Li pOlLni2LdiIit,L^ii
Lt,Lt,i LS

- 
PS

l1.S.1>
VLlsi-iis crOrsspUQ2äi.c-2ns Ld^inu1,s tiincl inLLniLs in i.s.dslui 1.3.1.

vLLL 8S Lllmii,s SXPNSLiL <.SLNSt,iLL d 1 . Z. T'l ) - dl.Z.^2) L iul

PS
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lilii si cusnt-r-si oi- L ciOUL

ci i ii cuLcii-ui uiiui iLlii. iuli^.

^-3-3-2 <(I/2.5)^l1^(1/2.5)^)"^(1/2.5-2)^l1-'-(1/2.5.2)^)'^. . .>

->-S.2U/3^(k:^)2^ < (1/2.5)^(I-»-(1/2.5)^)'^ (1-2 (1/2.5)^)'^-,-

->-(1/2.5)^(1-'-(1/2-2.5)^)'^ l1-2(1/2'2.5)^^1^. ci.S.23

I^S^iliili^ liumLi primii pLi.i-u i.si-mslii Li Lsr-iiicui- r-Lpici cuslivsl-^slit-s

cii Ii C. 1.8.2). LS ok^i liS, ciupL sfscut..ULl-SL cu Li cu ui si OI-: 

2.572->-1.447

î li i-dlÄiiL Lr-lt,Si-i OLi-L di.S.3), 

t"i cuLi cu^li s.i,S i li f^licu i-i s

- 3.054-^1.447 ^(k-â)^. (1.5.3)

vLlOl-ÜS cuimpuiui siscit,l-icu Lcut,iv 

cis cusis Lis timpului

si scui i oLi-Li-i cu MLcur-SLcucu>pi cu x. cuculi^Ol-m scuuLt,isi cii.Z.S) - Li.Z.10), 

cs^ui ii I-»ciI

k-ä - L/(1- (1.5.4)

VLioi-iis cutut^i liui.S psi-ilui-iu Lilii. i liLcul'i LS i ii luLdSl ui i . S. i .

1.1 «i'Ä sxpr-SLiL i-VOl^sii cuL <I'i.^.Z) LL t^is cucul-scut^ä., t,l-sduis

— pk-?iii s-ii cii^S^iisis VLicu>r-2. Lis i ui Li cii ii i.Ldsiui i . 8. i ,

ci:Li si-V cuu (7.i.8.i) Li i li tuLUL ciLi-si Öl' SXkUSl-i MSli^L.1 S cii Lcusl 

i-Ltusi — LL LS cuk^i liL o VLi cuLl^s Pi-Llui.i cu cucuiiL^L.rit,L L P2.l-Lmst,l-Ui ui 

i . 8. i . mcucit-i ui ^scul-st,icu Li poi Lr-i 2ÜLI-i i Li.Lt,icus L cuu iLlit^Ul-i
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z ^idttivL^Oir ^6^Lli6L

Londuc^ia electric^ iri reyim stationär â Odl eu maynetit^ în 

petrol ^i soid oleic ea surtactant poate ti interpretata microscopia 

prin :
-deplasarea contraionilor ( pozitivi ) in SOL de tip Stern de 1z 

supratata tiecäx-ei particule coloidale , cu consecința Incarcär^ 

electrice ylobale a particulei , care poate , asttel , etectua g 

mișcare electrotoreticL,-
-migrarea ionilor de impuritLti introduci în mediul de suspensis 

la prepararea cOimica a Oti- Bessre posidile mecanl-, 
electroconductivs de reyim staționar als Ott din clasa consideratä., 

tost invocate atî t in lucrările l L2 , 64 I , repre^entlnd stuch 

exclusiv experimentale , cit ^i de autor 1 n l R3 , K6 ).

2. 1. 6or»«iuc:ti v^i tstss slsotr-iciä stsotivä 2» liokidslor- nr^gnstios cu

p2i-tiou1s ^oloidsls Ltsr-icis

6a parametru constitutiv macroscopic al Odi , L LcrLscr
sLsoLi^^oL (7cis sLQL^o^Qi-^ s/seLr^-â s se poste dsterml^

experimental cu ajutorul unei celule de masurat cu electroni perkse! 
conductori , plani , paraleli , de suprataxa activL , situati
distanta d ^i supuși acțiunii unei tensiuni electrice continue v 
Valoarea mLsuratL v/d poate ti identiticatâ ou modulul mediei

(1.2.1 ) a vectorului-cimp electric staționar local L pe volumul 

al unui eșantion reprezentativ de ON , volum suticient de mic 

raport cu dimensiunile celulei conductometrice , dar con^mlnd ui 
numLr semniticativ statistic de particule coloidale de maynstitâ . 
Oa rindul ei , densitatea mLsuratL i/^ a curentului electric net 1 , 

ce strLdate ON dintre slectro2ii celulei , poate ti identiticatL eu 
modulul mediei volumice :

?-(^5âv)/v lr.i.r
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L vectorului âensitatii locale rezultante âe curent electric.

vviâent , mărimile macroscopice L ^i nu âepinâ âe forma

volumului infinit mic fi^ic V

vaca se aâmite cimpul electric staționar , stabilit intre cei 

âoi electroni ai celulei âe măsurat , ca avinâ o intensitate relativ 

mica , iar VN ca fiinâ un meâiu omogen ^i izotrop statistic , atunci 

se poate aâopta relația liniara ; ci a âefinitie operaționala 3
conductivității electrice ( âe regim staționar ) efective a '

vin punct âe veâere experimental , relația ( 2.1.2) , in ca^ul 
celulei conâuctometrice cu electroni plani , paraleli , revine 

la:
<--7/L-(i/k)/<v/d)-(d/k^ <2.1.3)

in da^a câ^sia se poate âetermina masuri nâ rezistenta electrica 
v/i a coloanei âe VN âin celulă , după oe , ln prealabil , s-a 

evaluat constanta â/k a celulei.
vin punct âe veâere teoretic , calculul lui conform definiției 

< 2.1.2. ) impune interpretarea microscopica adecvata 3 meâiei 

volumice a densității locale rezultante âe curent electric âin bU. In 
acest scop , vtt se presupune o suspensie coloidalâ monoâispersa , 

suficient âe diluata , ou particule sferice înconjurate cu SOL âe tip 
Stern âe grosime neglijabila . riecare particula se considera singura 

intr-un meâiu âe suspensie infinit ?i Ln prezenta cimpului electric 
staționar i uniform . Se aâopta un sistem âe referința centrat ps o 
particula coloidalâ arbitrara ^i mobil odata ou aceasta cu viteza 

mișcării ei electroforetice . I'ata âe acest referențial , in meâiul 

âe suspensie al vtt ce incluâe mai multe specii k âe ioni , âe ambele 

semne , proveninâ âin impuritati cbimice , âensitatea locala 
rezultanta âe curent electric microscopic ( ionic ) are expresia 
generala ;

- <2.1.4)

Aceasta contine :
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LL
mobilitatea volumioä, rsspsotiv âensitatea volumioâ. âs saroinä.

slsotrio^' â speciei X âe ioni âs impuritL^i ,' l ntruol t L-3 
admis un ol mp sIsL:t-l-2.^ Lpl2.OLt c^S 1 l^tSIlLI t^ts 

âiters. âs
clisei, LS POL^S f'LOS ApooxlML^lA:

<2.1.b>

o component âitu^ivL, -L yraâ âatoratâ

neuniiormitLtii looale a âistidutiilor oonoentratiilor 

ionioe, â^tiinâ âitu^ivitatea volumioä 3 ionilor âe speois X,- 

la sorierea relației âe âetinitie <2.1.2), s-a f^cut 
implioit ipo^62L insxis^enisi yraâisn^ului MLorosoopio âs 
oonosnirâtsis psniru orios spsois X âs ioni, aâioL:

yraâ ^âV^0 . 
V

o oomponsn^L oonvsodivâ, L â^v, V iiinâ VÜ62L 
X

<2.1.6)

looalL 3 liokiâului âe suspensis In referențialul aâopia^- 

impunl nâ oonâit-ia âe eleo^roneuiralifa^e pentru reparii^ iile âe 
eokilidru ale oonosnira^iilor ionioe, se poais sorie

L â^v --- L o V - V L 0-0' <2.1.7,

reluis c:s psrmi^s nsgliijLres, In conrinusre, s âsnslîâ^ii 
cursnLuIul ionic âs oonvso^is ^i, âsoi, âskinirss lickiâuiui âs 
suspensie a oa meâiu eleoiroâiiuLiv ^14^.

In ipofs26le anterioare, âensitatsa looalL rs^ultantL a 
oursniului slso^rio microscopic (ionic, âin msâiul âs suspensie 
este:
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unâe ou I s-e noier oon â uoii v iieiee eleoirieâ a

L7

, 0

iiuiuror speoiilor X âe ioni âe impuriiLii ooniinuiie Iu meâiul âe 

suspensie. Lviâen^, oonâuoiiiviiieiiee eleoirioL inlirinseoL 3 
peirolului esie neyli^edil^ iaiL âe

In inferiorul perfioulei ooloiâele âe meynefif^, äensifadee 

ourenfului ionic: esfe 2ero. vimpofrivL, oonfreionii (po^ifivi) âin 

3vL âe dip Lfern efe^ef perfioulei ooloiâele oreee^L o äensifafe 
superlioiels. looelä âe ourenf,^ , nenul^ in reyim sfeiionsr. La 

ooniine o oomponeni^ âe oonäuoiie ^i une âe äikU2ie oon^orm 

(1.3.16), rsspeofiv (1.3.17), pentru o perfioulL ooloiäelL s^erioL.

âe eoesfe äouL oomponenfe Lie 1ui , oee oonveodivä

(eleofroosmofioä) äeforefä. ouryerii liokiâului âe suspensie âin 

^urul perfioulei ooloiâele, se neylizee^â.
în eproximeiie aâop^L^ 3 s^r-eiului S^ern sudt:ii7e, âoesda se r-eâuoe 

îs un meâiu eleoli^ocliiu^iv Lsooieli oiiiLi? supr-aieiei L par^ioulei 
ooloiââle siei7ic:e, LL^Iel o^ expresia Iui se par^iouIari262L âin 

(1.3.16) - (1.3.17):

unâe âellneslie oomponenlia danyen^iala Ia suprata^L

parliioulei sterioe 2 oimpului eleo^rio (looLl) s^Liionar, 

ier o ' oonâuo1:ivi1i3^e3 eleo^rioL superlioisIL 3

s^ra^ului Liiern sudif ire (respeodiv, a ooniiraionilor oonif inulf i 

in e!) periiioulei. In expresie Iui s-a Inloouili
3 prin veloeree se oonslienii^ (po^iiiivL) âe eoXilidru, ^^0 

ebsenie olmpului), âeoereoe s-e presupus o^ periiurdeiie inâusâ 
âe olmpul eleoiirio stieiioner âe sled^ in^ensiiieiis ^n âis^ridu^ie 
âensiii^i,ii superlioiele âe seroinä 3 oonrreionilor eslie reâusâ.

lin^nâ seeme âe relei iile 3Nierioere (2.1.6) si (2.1.6), meâie 
volumioä (2.1.1) e âensii^iii looele re^ulienie âe oureni sleoiiric: 

âin 1,^1 se poeie sorie In iorme:
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?-< s Zâv)/v-< s z âv)^c s <Z-^>âv)/v-^t s Lâv)/v

-L â. <C grsâ ^âv)/v> < i?-5 )âV^I/V - -«-<( <Z-Z^>âV^/v. < 2.1.10)

)^ 

îndruge in^sgrsnâul âin <2.1.10) ssis âproximsiiv 2SI70 in psnies 
âin V sibuabâ. în aiai73 par7bioule1oi7 ooloiâale, I76latsia (2.1. IO)

estie eobivalenbL eu ^-^L>n^ ( ^-^) âv, (2.1. II)

k
unâe r'spr'e^indâ un volum âin V oe o o ut. ine In iude^ioi7ul
Iui numai pai?biou1a ooloiâalZ sker'ioâ âe i76tei7intsL eu sbi7abu1 3dei?n 

sub^ir-s abasab. V esbe m^i7ginib âe o supr7akat;^ exbei7io3i7L suFioienl 
âe äepäi?^a^ä âe supi73t3t.3 X^ a xar^ioulei oo1oiâ3le âe ^eie^in^â 

oon^inutie In V .

Oaloulu! âir-eoti al in^eyr-alei âe volum âin (2.1.11) xoa^e kl 
evitați pr-in u^ili2ai?ea oa vai?iadi1â äuxiliar-ä 3 tunot, iei globale âe 

pobent^ial ionio , inbroâus^ x>i?in

L<â^/^)yrsâ ^)--^4rsâ <2.1.12)

ÎN punobele âin sibuabe în atai7Â x>ar?bioulei ooloiâale âe 
r?6kei7int..L , r-espeodiv xr-in

's (2.1.13)

ln punobele âin 
skei?io6 ^i sbi?abu1ui 
âemons^eazâ în l01^) 

suiioienb âe mai?i

sibuabe obiar? pe LUp^ataiL a 
Zbern subt-ir-e aba^ab aoesbeia.Se 

oa , âaoL tunoiiâ ai'e , la
âe parbioula ooloiâalL âin V' , 

p

pa^dioulei

âisdan^ e 

oomx»oi?bar762

3
(2.1.14)

i? tiinâ veoboi7ul âe po^i^ie în I7ekei76nbia1u1 oenbi?ati pe par^ioulâ
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cvloiâsls , saunei

m ml (2.1.15)

In oa^ul âe fLt.L , forma asimpfofioL a funcției globale âe 
pobenlial ionic: T se obține asbfel .veoareoe,in regim sba^ionar , 

fluxul ionio nef in orioe volum elemenbar al meâiului âe suspensie 
breduie sL kie ^ero , re^ulfâ

âiv 5^-v, (2.1.16)

oeea os , oonform relației (2.1.12) , oonâuoe le ^-0,

(2. 1.17), aâio^ funcția sabisfaoe o eoua^ie baplaoe in meâiul 
âe suspensie âinafara parbioulei ooloiâale âe referin^L âin
V^. Oonâiiiile le limibL Lsooiafe aoesbei eoua^ii si nb:

(2.1.16)

eâioL sufioienb âe âeparbe âe parbioula ooloiâalL sferioâ, 

potențialul ionio global este âeterminat numai âe oi mpul elsotrio

staționar si uniioi?m 8 ( i iuc:1 l, L 8, 0^'

lâiv -o. (2.1.19)

aâio^ legea oonsei?vâi7ii sai7oinii eleobrioe (O5,tt3^I, in regim 
eleo1ii7oâiiu2iv si^a^ionar, la suprataxa a par^ioulei ooloiâale 
sierioe, pe oare se âeline^be âivergeni^ diâimensionalâ âiv . vaoâ 

referențialul aâopbab, oenfrab pe parbioula ooloiâala, esbe un 

sisbem âe ooorâonade slerioe ( r, 9 , ^c> ) ou axa 6- 0 orienba^L in 

sensul oimpului eleobrio sba^ionar ^i uniform L , afunoi esbe
obiar sfera âe ra^â r - k, iar relația anberioar^ (2.1.19.) se sorie 
âe^volbab, t^iui nâ seama âe (2.1.1'2) , (2.1.13) ?i âe simetria 

a^imuialA:
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SS ( ) >di7-»-(c^/O' k^sin^) 6 (sinS dch ( ir , s )/6S 1/6S - 0 .

(2.1.20)

Din (2.1.17) LÎ (2.1.18), S6 odti^:

^(17,S)-L r- oosS-»-^ s^r"^^^k^(c:OsS) . (2.1.21)
n-0

ciOm^n-^i^d (2.1.21) ou (2.1.20) si tinind oont oL polinoamele I^eyendr 

si nt liniar- independente, re^ultä. :

L^-ir^L(1-2O)/2(1^) , (2.1.22)

L^-0, pentru n^1, (2.1.23

unde ou O s-ä notat parametrul adimensional

Relațiile deduse anterior? ( 2.1.21) - ( 2.1.23 ) dovedeso oL kunotiz 
ylodalL de potential ionio ^(^,s) are, in oa^ul oonsiderat, o 
oomportare de torma (2.1.14) Ia distante sutioient de mari de 
pLi-ti<^lL ooloidala de rekerintsL. oa ui?mai76, este ijustitioatä 

intr-oduoei7ea in (2.1.11) a r7e1a^ iiloi? (2.1.15) ^i (2.1.22), 
odt, ini ndu-se asttel:

?^<i-»-(3/2)^l3^/( 1>^)-1^ >R, (2.1.24)

unde s-a utilizat detinitia ounosoutä

In stitit, din oompar-atia r-6lat, iilor- (2.1.2) si (2.1.24) r-62u1tâ 
expresia de oaloul a oonduotivit^tü eleot^ioe (de r-eyim staționar) 
ekeotive a diluate ou partioule ooloidale sierioe:

- ^<i-,(3/2)^(3O/(i^)-i^. (2.1.25) 
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83 eviâ6nt.i323 oon^i?idui, i3 eleo^roconâuo^ivL 3^1^ 3 meâiului âe 

suspensie ou ionii âe impui?i^^i okimioe oon^inu^i in el, oi^ ^i 3 

x>3i7liioul6lOi? ooloiâele ou s^i?3^ S^ern ( s^diir-e ) 3l?3^3li.

Se observâ, âe 3semene3, âin (2.1.25), 03 po3^e V3ri3 in^re 
limitele: 

(2.1.26)

in 032U1 oi nâ 31? oontsine P3i?i,ioule ooloiâ3le sLei7io6, nei noareâ^e 
eieo^i7io ^i kär-Ä Zvx 3113^3^, I7espeo1iiv

(2.1.27)
in 032UI oi nâ oonoen^r-3tsiile ioniloi? âe impur-i^t.1 âin meâiul âe 

suspensie sinii to3i7^e reâuse, 03 ui?m3i?e 3 spLlâr-ilor? repe^s^e 3le 
pr-eoipi^3dului âe me^nedi^L ia pi?ep3i73i7e3 oliimio3 3 8^l.

L. L. dompsi-slis r-s2:ui islisioi" isor-s^ios ou â2tis sxps^imsnisls 

o Ouâuo i omst. r-i o s

0onâuoiivi1?3li63 eleoirioä (âe i?eyim s1i3tfion3i? ) e^eo^ivL a se 
âeienminL exper-iinen^el , in d323 r-el3diei (2.1.3) , ou L^u^orul

unei oelule oonâuo^omelir'ioe s^3nâ3i7â ou âoi eleoiir-OLi plâni 
P3i?3l6li ,pl3iin3ii pi?in âepunere eleo^^oli^ioâ pentru minimi23i?63 

r-e^isieni ei (p3i?32i^e) âe pol3i?i23i'6 l3 eleo^i?o2i.
în 3oel3^i soop , mLsui?3^or-il6 se po^ eieo^u3 nu in o.o.,oi in o.3. 

âe ko3!7^6 I1O3LZ Li?6ov6niL , Ie 03176 impeâ3ntf3 oelulei es1?6,p!730^io, 
I?62isdivä (o3p3oil73l:63 p!7Opi7i6 tiinâ neyliij3dilL ) . Se P03l?6 u1:ili23 

3Slli6l , kie punt^63 Xokli73usok , Lie oonâuodome1?i7el6 Lpeoi3li23^6
pendi?u liotiiâe , 3mdele ins1:3l3t.ii âe mLsui?3i76 3vi nâ so1i6M3 

eisolir-ioA âe pi?inoipiu âin kiy. 2.2.1.
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^19.2.2.4. Sokem3 eleo^r-ioâ âe principiu 3 ius^3l3^iei âe mLsur3i76 3 

oonâuo^ivi^â^ii eleoliuioe eteoliive 3 I.X.

^06331:3 oou^iue 03 elemente 6Leu^i3le O x>un^6 ^ke3^s^Oue 
3limeu^3^ä âe 13 ue^ee x>!7iu^i?-un oseil3^Oi? âe 3uâioki?6oveut.. L ) , un 

3inx>Iitie3dor- eleo^uouio ^i un âe^eo^or- (v). Iu duetele pungii 
^63lis1ic)U6 âe mLsui73i7e , irx r'ex'i's 2 iuliä oelul3 oOuâuodome^r-ioâ 

S^3Uâ3I?â âe 0.3. ,KI ^i 1^2 , I762iS^O3I76 6ll3lOU ( 3II3I16 i u1:i?-un
173x017^ reris^iv V3i7i3dil âupL Iey63 10^ ) , i3r kr3 , un

po^eu^iomedru âe M3rs pr-eoi^ie pendru sc:tiilidr-3i?e3 pungii.
^u^Oi?ui 3 u^ili?3l: uu c:ouc1uc:^c)M6dr-u âe 0.3. ou oi^ir?e âii?60^â , 

âs 1iix> I.I'L-SsidOlâ (^us^i?i3) , i?63li23^ ou oiroui^e iu^6yi?3^6 

pei-mitsiuâ 0OMx>eUL3I763 M3UU3lâ S3U 3U1IOM3^L L iullueu^si ^6MP6I?3^UI7lI 

3SUPI73 I762Ul^3^6lOI7 mâsur-L^OI?ilOr. OupL âe termin 3176 3 PI763l3dilL L 
oons^3U^6i oelulsi âe mLj8U!73r'6 3 3p3!73l:ului ou ^uliO^u! uuei soluții 
6t:3lOU , S-3U 6t60liU3^ âs^6i?miuLi7i oouâuo^oms^rioe 13 treoven^L 

^jO3SL âe 25 «2 ?i 13 ^6MP6I73^UI?3 3Mdi3NdL (295 K) P6U17I7U P3^I7U pl-obe 
âe , 3viuâ P3i?3me1:i7ii âe d32L âiu ^3delul 2.2.1.
Se x>!760i2632L , eâ puimele t^uei x>r?Ode âe 1.^ 2^u los^ t3di7i03^6 1â
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Universirarea lebnioL âin limi^oara , iar proba IV a kosr preparata 

âe auror prin âilutia oorsspunLâroare ou petrol a probei II. pentru 

aoeste patru probe âe s-au obținui: âatele oonâuotometrios
simbolizare ou triungbiuri innegrite in tig. 2.2.2- lob aioi slnt 

reprezentare ou oeroulete rezultatele experimenrale similare âin 

1^2,64^ , obținute , insa , in o.o. ^i la 323/K/ , prin âilutfia 

progresiv^ on perrol a unei singure probe âe l-X.Oe^i apar unele 

âiterente âatorate , in prinoipal , remperarurilor âe luoru âitsrite 
se poare observa aoela^i orâin âe infime s^u.Z/l7i) Z.1 oonâuotivita^ii 

eleorrioe ekeotive a c/ es.re mulr interioara oonâuotivitat^ii 

Magnetitei âin oare si nr oonsriruire parrioulsle ooloiâale . ke âe 
alta parre , esre ou aproximativ rrei orâine âe mărime 

superioară oonâuotivitatü eleorrioe inrrinseoi a perrolului 
-9 -1

labelul 2.2.1

?roda âe vensitatea masioa
a probei

/gem /

I
II 
III
IV

1.53 0.175
1.254 0.11
1.13 0.06
1.016 0.052

rig. 2.2.2. Variat, ia oon- 
äuotivitätü eleorrioe a 

in tunotie âe oonoentratia 
volumioâ a ta^ei suspenâare .

6" /p 8 ii

O O

o

O
â

O

- 1

â 
O

0 0 os o ?b .
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^onlorm üy.2.2.2 , ) r6pr6?in1lä. O lunot^ i6 N6MONOd0NL.

ksrkel, P6ndru äilu3r6 63 or6?^6 ou 0663 06 68^6 in
OONOOrä3N^ä. eu r6l3tsi3 (2.1.25) (r68p6O^iv , (2.1.2? )) â6âusâ

^60176^10 
orillioä.

P6nl7ru 3068^6 1.N. o<(^) i^i 3^ing6 M3ximul P6ndru O

O.06^^^0.16, i3r 3poi S03ä6 ou P6nt7ru

V3loäre

1,^ Mâi

0ON06Nl7r3l:6 .

O30L si nl7 ä6^6rmiN3dÜ6 6XP3riM6Nt^3l 3Md6l6 â6P6Nâ6Nll6 ^^^) 

O"^(^^) P6n^ru prot)6 ä6 SUkioi6N^ ä6 äi1u3ll6 , r6l3< i3 ä6 O3leu1 
(2.1.27) P6rmi1l6 â6linir63 unui inâio3^or (7onâuoî:OM6irio â6 03Üi:3ttz 

3 3068^017 , prin 03176 86 PO3^6 oo'nt7rol3 , IN k3P^ , proo68u1 1or

â6 pr6p3I73r6 okimioâ . ^8^t6l , I76PI7626Nlli nâ 9N3iio iN0I76M6NiuI
0ONâU0llivil7L^ ii 6l60dri06 I76i3^iV6 tunotsi6 â6 OONiOrw

I76i3i i6i (2.1.27) 1lI76dui6 8â 86 odi in3 O âr63p^3 t^I760l nâ prin

oriyin63 3X6lor ^i â6 P3n1i3 3 P6ni^ru un âi1u3li , â30L 1â 

pr6P3r3r63 OkimiOL L 3068^ui3 8-3 6§60llU3^ 8P^Iâr63 oor6 8PUN2L ^O3r6 â 
pr60ipid3i7uiui â6 M3yn6l7i^3 .

In 8lir^i1i , r6l3tsi3 l76or6l7ic:L (2.1.25) , V3l3diIZ. P6ndru
âilu3l76 LU M3yn6lii1:â N68p^l3l^ , 6viâ6n^iâ2^ , prinoipi3l , O M6^oââ 

â6 68l7iM3r6 3 oonâuorivil7Lt. i 1 6l60dri06 8UP6rtioi3l6 3 8î7r3l7Ulu1 

81i6rn 8ubt.ir6 3173^31: P3r^ioul6lvr ooloiâ3l6 (r68p60^iv , 3
POl76N^iâIuIui 26t73 3l 3O68l:ui3 ), â3OL 86 poli â6l76rmin3 6XP6riM6N^âI 

oonâuol7ivi^Ldii6 O"(^),^ ^i 17323 M6âi6 k 3 P3r^ioul6lor 3i6r^c:e 
8U8P6NâL^S.
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3. i.ILttlvL^OK
Itt cittk» L^L6nrici ^kttottici ^1 Uttik-Oktt

în O2pit,oisis pi-Sosolsnt,S 2u t^oTi, T^ucli2t,s i.so>nbt,io ^i 

sxpbi-i Mbnl.2i pi-o>pnibt,2^iib cli bi sot,r-i OS 2.1s in oimp slsot-nio 

Tt.2i.it7. 7fi unik'o'r-m, 1-bTpSot^iv PNO>PI-i bt,2tfi i S i O>I- bi sot,r-o>ooncluot,02NS 

in oimp biboi.nio Ti-2tfio>n2n Ti uni^o>i-m. 62. ^o2t.s Toiut^iiis 

ooi o>i cl2i b, nu Tint^, inT2, nioi clibibot^nioi, nioi ooncluot-oni 

pbl'L'bO^i. OS- 2OSS2, PSNi.I-U O2O2O i.SI-i 2 2N b2 M2O N O>T OOpi 0 2 9I 0^2.1 A. 2 

PI" OPI i bl^Lt^i i oo I 01- biboi-niob STt,S NbObT21-2 ui. i i i 2:21" S2 oonospi,uiui 

>^lb ooncluot^i vi t,2i.S biboi.oio2 9bNSi-2i i 22t-2 (oompibX2) S^SOt,iV2 K, 

PI° i n 02.1" b Tb clbTOI"ib N2TPUNTUi I_lv1 2oi-iunb2 unui oi mp sisot,1"io 

2omonio in i.imp Ti uniL^o>nm in Tp2i-iu. Vup2 oum Tb V2 2N2t-2 in 

OONÜNU2NS K I-SPI-b2:i nt,2 o i^unot^ib OOMpisxS. clb puiT2^i2 co

L" fiinci ^I-SOVSN^2) 2 oimpuiui slsot,nio 2plio2t,.

^>iuc^iul oo>mpoi-i,2nii ou MLYNS'di^ä In. pSt,i-oI Ti 2oicl oisio 02

TUI-i2O^2Nt, in oimp biso^l-io 21-MONiO 2 fOTi. S^SO^U2i., clin 

punot. clb Vbclbi-b Sxpsnimsni,2i , in iuoi-21-iib ^07, Di, 64, K3, R5, 

K8). Sliuâiul L tosi: Ldoräa^ 1:sOr-e^i<-, pen^r-u pr-ima äsliL, in 
IuorLI?63 I§7I» b>2^2 unui moclbi Ti mpiifiO2<-, in O21-S 1^1 L-2

OO>NTi clbN 2<- o TUTPbNTi b oo>i oi cl2l2 ^i I U2i.2, mono»cli TPSNT2, ols 

P2i-^ici.uib Tt'bi-ioS pbi-r'soi. oo>ncluot,o2r-S.

l.l n 2Ü, mox^bi i,Soi-bi,i o clb Tt,u<iji u 2i pi-opni bi.2l^i I or^ 

bISoi..l-iob clb O>2T2 Ti in2it,2 fnsovbni.2, Tpsoif'ioS I,tt cli I ULt,S 

oon^iiiincl p2i-iiouib oo>ioicl2ib i 2o>msi,i-i ob T2U 2ni 2OMbt,ni os ou §OkI 

clb t.ip ^i.^i-n 2t^LT2i., 2. f"0T^ PI-O»PUT clb 2Ui.oi- in luonLnils Iir6,

KS).

3. i. (Ionâuo^i.vi1,2î.s2 slso^nioä 9snsr-sii2s1,â

<1 oomplsxâ ) siso^iv^ä 2 liotticislon M2ynst,i.os

^2r-2Mbi i-ui oonLt,i t,ui.i v m2onoLoopi o 2I TupuTb 2ot^i uni i 

unui oimp biboi.nio 21-monio in t^imp ^i uni^oi"m in Tp2î^iu ii 

i-spr-bni n^2 cioncÄuo t i vi t<2tSQ s^so^nioâ Asnsr^Qî, isQ^â

s/botiuä, cibpbnclbn^ä. cis i'i-sovbn'^.ä., , psni-i-u clsi"i ni n S2 O2Nbi2

Tb pr-oobclb22:2 2T^i"si.
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2s ooiiLicisr-2 o OSlulL cis M2LUI-2I-S OOIit^ i x-.i lici Uli

ooiicisiiL2dor- ou 2i-m2dur-i plLiiS, pLr°2lsls, cis Li"is Lodivä 

iMsr-L2ds l li 1^. doiiclsriL2dor-ul pis.!"» 2.!-s ciiLt,2lid.2 ci ciiiidr-S

2I-M2.t,Ur-i r-s^l 2^i l 2 , ci2r- Ol"isum Lui^isisrit, Lis mlciä. l ri r-2POI"d ciu 

cii msriLi urii l s 2r-m2t,ur-i l or-. ^plioiricl l2 kcri^nsi s ooricisriL2dor-ul ui o 

dsiiLiuris slsodr-ioä. si nuLoi ci2l 2, c:u r^spr-s2siid2r-S2 iri oomplsx 

Osxpl^ro^) îri Lp2t^iul ciiridi-s 2i-mLdur-i umplut, c:u Ls LdLdils^ds

uii oimp slsodr-ic: 2r-moriio Li uriii'or-m, 2 oär-ui msciis volumioä SLds

cis 5or-m2 d 1.2. 1. ) , ci2r- psndr-u L 6Xpllj^), 2mpl i ducii iiS2 vsodor-i2lä

2 2viricl uri moctul os pO2ds t^i i clsr-rdi ^i O2d ou V2lo2r-S2 MLLur-LkilL 

U/ci.

dlur-siidul dod2l pi-iri c!iiidr-s 2r-m2dur-ils ooiictsriL2dor-ul ui 

pl2!i sLds I sxp k^i,) --- XUsxp l^^.), ^iinci Llimi i.2lit,2 c^Ompl sxä L

crslulsi cis mL^ur-Li-s. vsriLi t,2t,SL lsciLlL 2 2c^SLt,ui c:ur-Slit,

d i rit^l U2i nci ^i cisriLi t,2t,SL c:ur-srit,ul ui cis cispl2L2l-s) Li^s mscii2

vOl umi cä. cis 1"sr-m2 (I2. 1.1), ci2i^ psrit,r"u ^sxp k^cot,) , Lmpl i ducii iiS2

vsc:t,sr-i Ll 2 H 2vi rici uri mvciul c:s pcrLds t"i i cisridi i^i c:Ld c:cr mär-i msL 

M28ur-2dil2 1/-^.

v2c:2 Ls 2cimids cilmpul sls^dr-ic: 2i-morii^ ^i uiii^sr-m, 

Ld2dilid iridr-s 2r-mLt,ur-ils cis^cisriLLdor-ului plLii, c^L ^iinä cis sl2dä 

i lidsiisi d2ds, iLi- ciiluLd älndrs LI?M2dur-i, c:2 ^iirict uri msciiu 

smsgsri ^i i2sdr-sp Ld2diLdic:, 2dunsi Ls pOLds LcispdL r-slL^iL 

l i iii 2r-2

7 - kdco)L

c:2 cis^iriitfis sps5-2^i ON2l 2 2 c:Oriciuc:di vi dLt^i i slsc:di-ic:s

9S!isi-2l i 2Lds d c^Ompl sxs ) s^sc:di vs, cispsr-icisnds cis r">sc: vslidL, 
<dco), 2

Lxpsr-imsiid2l, Iddco) Ls ps2ds cist,sr-miri2 mLsur-iiici LcimidLrit^L c:omplsxä 

^dco) 2 cislulsi umpluds ciu indr-uciid:

!dd(o) - 7/2 - dI/^)/d U/ci) - d-i/ZO Vd co) . dZ.1.2)

vupL cnum Ls od,Lsr-V2 cii ri r-sl2diL 2lidsr-i 021-2 d3.1.2), Kdc-^)!

r-spr°s2i iit,2, cis I^Lpd, crcimi Lcrii^cr oompLsxâ spsoi/rloä 2 oslulsi cis 

m2Lur-2r-s soriniriirici pr-od>2 cis dk>i. i.2 r-lriciul si, ooiiLt,2rit,2 cl/^ LS 

po2ds cisdsr-miri2 pr-iii sd2loii2i-s2 oslulsi.
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dlon^onm Lc^dsmsi V21 snt,s 2 ^onÄSNL2t,oi-u1 ui pl2N

c^u pisr-Äsni ÄislSc:t,nic:S Äin^i^.Z.1.1, VLl2.d2.l L psndl-u cislulL Äs 

M2.LUI"2I-S umplut.2 ciu

^cro) -- S c^) -»- ^is_.d(o)i, cz.1.3)

unÄs

S^deo) - coL:"d(o)ä/Ä d3.1.4)

ÄS^inSL^S c^SNÄuc:t,2ntf2 2L2 - numi t,si cONÄucidi vi t,2di Äi si sr^t-ni c:s 

Sfsc7t.i VS, ÄSPSNÄSNds cis L"NS^VSNi.2, ^0L7"d L>)) , 2

S -- (3.1.5)O

I'Spr'SLindL t^onÄuLt,2ntf2 ciOr-SLpun22t,02l-S cionc1uc:t.1 vi t,Ltfi 1 sdmi cis dcäs 

i"Syim Li'MOnic:.') Sl"Sc7t,1vS, svsnt,u2l cispsnci1snt,S cis ^r-sc^VSN^L, c^'dco), 

2 dl^I, 1 21-

(0L7" . cz. I. S)

k^i^.Z.I.I. /^dmit,2N^2 ^OMplSX2 2 cuslulsi ÄS M2LUN2r-S

UMp1ut,S c^u

li^SduiS P!-Scil2:2t. c:2 p2i'2MSt,r'i i ciSNLt.1 t,ut,i vi L7^dco), <^'dco) ^1

L7>'d(^D 2Î I_^ In ämp SlScu^i-lc: 2r-moniLi ÄS pulL2^1s co LS !"S92LSL^ 

In Äs51ni^i2 <-UNSL^ud2 l8l,tt1, irisul L PS!-Ml^1 vl^Ltfii COMpISXS 

S^Stü^iVS'. ÄSPSNÄSNt-S ÄS L^n sci VSN^ 2 , 2 I_l^:
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LC<o) - O-r-

- O<-cco)^^r

6s unâe Hi 6snumi^S2 6s psi-mi i-i vi i,2i,s r°s2i2 s^sLi-ivä. 

fr-SLvsn^.2) 2i.r-i 6ui t,2 I ui 

cz. 1.-7)

-sinin6 LSLML 6s i-si2^iiis L^^si-ioar-s cZ. 1.2)-c3. 1. T') ,

l-S2uii,2 psni.r'u !<dc^) 6s^ini^.i2 sxpsr°i msni,2i 2:

Kc<o) - c6/^)^c(o) - co^"d<^)^ -t- ^^L-'dc^) -- ^c^Ld co). c z. i. S)

Oin punLt, 6s vs6si-s t-ssr-si-i L, L2iLuiui LL>n6uLt-i vi i.2t^il 

sisLi.r-iLS ^snsi-2i i 22t,s dLompisxs) s^sLi-ivs, 6spsn6sn^s 6s 

fr-SLvsni.2 , » L l^, c:ON^Or-m dZ.i.i), impuls 1 nt,si-pr-st,2r-Si

mi Li-OLLOpi L2 26sLV2t,2 2. ms6isi vOiumiLS în 2LSLt, LLL»p, 

Pl-SLUPUNS UN LiLt,sm LOi L>i 62! MLNO61LPSI-L, Lut'iLisni. 6s 61 i U2t,, LU 

p2!-t.iLuis LULpsn62t,s i NLON^j U!" 2t,S 6s SO2 6s t,1p Lt,SI"N, 2St,fsI cä 

^i sc^LI-S PLr-t,i <nul 2. c:Oi Oi62l2. PO2t,S 1"i ^ONLi^LI?2.t.2 Li n^UI-2. i nt-r--u^ 

ms6iu 6s Luspsnsis infinit, ^1 in P!-S2sntf2 timpului Li-MOnic: 

uni^Ol-m Lsxp^^c^t,). Vup2 HUM LS V2 L!-2l,2 in SONt.1 NU2l-S, 2SSLt, c:imp!

in6u<^s in p2!-t,i?ula LU §t,SI-N 2t.2S2t- UN MOMSnt, sisLi.i"ic 

6ipoi2i- 2i^sr-n2^iv, 2

P21-t,i Lui si OI- LcDi Oi62i s

2MPI i t,u6i NS2 6si.si- ml N2Ni,2 2LUPI-2 lui icc co) .

6ssLi-isr-s2 LOmpO!-^2!-ii in Limpui sIsLt,l-1c:

LPUL, PSNdk'U^

2I-MONiL ^1 UNi^Sl-Mi

1.r-s6uis 2N2li22i,S pr-OLSLsIs sIsn:1,^O6in2mic:s, L2I-S 2^SLî.S22L

2mpiit-u6ins2 momsni-uiui 61poi2i- 2i^sl-n2^iv in6us in p2l-^iLulL

c:Ol Ol62i2 6s Li mpul si sLt,!-i c: TsxpC coO .

k^2^2 6s UN r-s^sr-sn^i 2l 2^L^Li. p2i-1.iL^Isi Loioi6»1 

LONLi 6sl-2i.S Li msd)i I s62t,2 LU 2LS2Lt,2 LU vi t.S2 2 L>L L i I 2^ i i I Öl' 

sI sLt,l-ofLi-s^i Ls, 6s r-s^i m 21-MLni L, 2mpi 1 t..u6i NS2 6snsi i.2lfii 

^u!"Sni.ui ui si sLi-r^i L î,L»i.2i i ni-r--UN ^unLt. 6i n ms6i ui 6s LULpsnLis 

2i d LUPUL 2Ll.i uni i Li mpui ui si SLt,l-i L 2l-MLNi L Li uni

r-spi-s2i nt,2 LUM2 vsLt.Or-i 2i 2 :

cz. I. S)
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^nclS o SXpr-SLiS LNLlogL ou ^2.1.6), i LI- clsfins^t-s

psi-mi li >/i l.Ll.SL mscli ul ui cls LULpsnLis. 2s oonLiclSi-L, oä. ionii äs

LMkblS LSMNS, I-S2Uli,Ltfi pnin cliLooiSi-SL Sl SOlI-ol i t,i OL L 

MOlSOUlSloi- cls impui-it,Lli o^imioS clin mscli ul c^S LULPSNLis, Linl. 

inll--o oonosnll-Lt,i S LU^ioisni, c^S I-SklULL Li cls lsnl VLr-iLdilL IN 

limp, inoil LS POLls NSczli^jL cZl^U2:lL loi- MLOI-OLOOpi OL. ^OSLLi,L 

I-SVlNS lL LPI-OXlMLl.iL

I --- Ld, - 2- b, LZ. 1.10)
m r< I< ' , o ' m

uncilV L-LU pLLli-Ll. nolLl-iils Li clst^i ni l.i i l S clin (2.1.S).

în inl.si-io^ul pLi-t,ioulSi ooloiclLls cls i-s^si-i nt^L, 

clSNLilLl-SL cls OUNSNl slsoll-io SLl,S nulä.. Oi mpol s-i VL , LO2 lls t-i p 

^l-SI-N Ll-LLLl PLI-llOUlSi POLSclL PS LUPI-L^LlL LL Sxt,si-i OLN L o 

clSNLilLl-S loOLlL cÄS OUI-SNl L L OONl. I-Li ONi l Öl') NSNUl L In I-S^i M 
Ll-monio . ^^SXpL^jcol). /^OSLLlL oonli NS in ZSNSN Ll o OOMPONSNt,L cls 

n:oncluoli C? ^i UNL cls cli1"u2:i S, Li mi l Lr- I-S^i mul ui LlLtfiONLI-. di mpul 

SlSo^i-io Ll-monio Li unit"oi-m LplioLl l^iincZ PI-SLUPUL cäs LlLdL 

i nlSNLi lLl.S » pS!-l,ur-d)L^i L i N^ULL c^ls Sl in cäsNLi lLlSL LUPSI-^i ^i Ll L 

clS LLI-oiNL L oonl^Li oni l OI- clin Ll-1-Llul ^lSI-N LS POLlS L<lmi l.s c:L 
SLlS cliS loi-MÄ äp^SXpd l ^l) Li OL SLl,S claloI-Ll-L inlS^I-Ll l'l uxur-i l Öl' 

clS cioncluolis Li clS cli^U2!iS, l-LN^SNliLlS lL LUPl-Ll'Ll.L SXlSI-iOLNL L 

Lll-Llul ui 2l-SI-N, LlS OONll-Li oni l OI- , LcliOL

cz. 1.11)

^inincl LSLML clS I-slL-liÜS LNlSNiOLI-S ^3.1.3), dZ.1.10),

MScli L vol umi oL L LMpl i-lucli ni i clsnLi l-Lli i I-S2ul lLnt,S cls ounsnl.
Sl Soll-j. c? cll n I_^1 LS POLl-S LOI-iS, LNLl 09 ou (I2.1.1O):

I - cs
><v

coL7^) clV

c,j - L)6VI/V -cc?- -»-)^L)c1 2clV)/V
m m m l..
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so

V < 1 lL - >
p V' 

p

o V
- K 2 n <-m P

- K 2)ciV>, -m
(3.1. 12)

V 
p

unäe K - O" -»- ^jco^ äek1N6^t,s oon^uot,i vi t.Lt.sL s1sot.r-ioL 
-m mm

Zsnsr-Li i 2Lt.L (cuompi sxL) , i ncispsncisnt.L cis so vsnt.L, L mscii ui ui cis 

LULPSNLiS s1 I^l^, V' PLLt.l"SL2L cisi"init.iL cii n (12.1.1), 1 äl"

PLI" LNt.S2Sl s UNgtliulLI-S Limdoli2SL2L MS«iisi-SL S^SOt.ULt.L PS 

LNLLmdriui PL!-I.iou1s1or- ooioiciLis cii n volumul infinit. ml cu t^i^io V 

^s In sxpnsLiL lui pot, l'i oonLi cisnLt.s oonciuot.ivii.Ll.SL

slsot.nioL cis r-syim Lt.Lt^ionLN c^ L mscii ul ui cis LULpsnLis Li 

psr-mit.ivit.Lt.SL 1 ui Lt.Lt.ioL L7 . m
OLloulul ciir-soi, Ll ini-s^r-Llsi cis volum cii n (13.1.12) poai,s fi 

svit^st- pr-in i ni,!-ociuosr-SL os vsr-islDils. s. poi-snt^i s.1 u1 ui s1scui.^io 

oomplsx L sxpd^ä). Ls 2.1-s.^s. in (03) ciä.» cis.oä.

smp1 i t^ucii nsL L s.osLi,ui po^sn-^i sl s.i-s 1s. cii Lt-Lni.L Lu^i oi sn^ cis 

MLr-s cis pLi-t,i oul L ool oi liLl s. cis r-s^sr-i ni^L ^or-ML SLi mpt-oi i oL

^ - - — Z
L 2-^ p-r- . (3.1.13)— p m '

si-uncui

<1 c 1 - K 2)ciV> L- K p /^L7 (I3. 1.^4)-m -m^p m
p

^i int,r-ociuo1nci i-slL^iils L3.1.12) ^i L3.1.14) in (3.1.1), Ls 

odt^inS psni.!-u !<(co) cis^ini^is. t,sonsi.ios.

K(co) - K (1 * n^ x§L7 ) 
- -m p^p m (3. 1 . 1S)

3.1.1. Cs2iul Iio^»1cislon msynsi-ios i^omst.nios

^snt,!-u ut,iIi2Ll-SL sxp^SLisi (3.1.1S), cis osloul sl
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S1
ooncir.ioi,i vi t.si.i i sisoi-i^ios sfsoi,ivs ^snsnsi i UL-t,s K(n) , în LS.2UI 

lunrui monocii Lpsns, oo>ni.ininci psr-i,ioruis oo-ioicisis st'sr'ios ^i 

st'i si. srud soi.ir.rnss oimpruirui sisot-i-io runit'or-m ^i sr-mo»nio, i,r-sduis.

msi iniii, cio>vscii i. os poi.snt,i si rui T sr^s, Ili sossi. osu, fonms 

ssimpt^ot,ios dZ.i.iZ), isr-, spoi, i.r-sb>iuis i cisni.i t'i ost,s Iri LZ.i.iZ)

smpi i Crucii nss o 
p

si psi-t^i or.ri si oi-.

s momsni.rui rui ciipoisr- d si t,sr-nsi.i v) i nctrus mscii ru

Ts scimit^s, iri oo>ni.i nrusns, os cisnsi t,s^.i i s voi^umios cis ssnoins 

sis ioniior- cis imprunii.stsi in oonosni.r-si.i s mios ciin msclirui cis 

sruspsnsis si l_l>4 LL^i L^so oonciit^is cis si soi.i-ons^ii,l-si i i.si,s.

Cs r-S^sr-siitfi si si-sssi- psr-i.i orui si sin^ruisi-s oonsi cisnsi-s, ss 

sciopi.s sisi,smrui cis ooor-cions^s st'sr-ios dr-,9,^), cist'inii. in 

t^i^rui-s i . Z. i , scii os s vi nci or-iginss in osni.nrui psr-i.i orui si st'si-ios 

si sxs S--0 or-isnt,st.s in ssnsrui oimpruirui sisot^i-io somonio ^i 

runi^oi-m klsxp<l L-^t,) .

2s ^i.ruciliL2S, msi int,ii, os^ui simpiru si psr-t.ioruisi ooioi^sis 

^i nczr.!i sr-s, nsi nosr-ost,s sisot,i-io si fsr-s Lvkl si,s^st,, svincl l^sr-ms 

runsi ^^si^s o>mo>^sns c^s l"S2s i--I? ^i oo>ncir.ioi.i vi t,st,ss sisot-nios

osnsr-si i 2:si.s K - cx 1 . ^sr-i-ioruis s^^s imsr-Lst,s in
-p p p

cis ^ruLpsn^i s, i2ot,^op si omcirgsn, cäs oonciruoi.i vi t,si.s

msâi r^i

si sot-r-i os

osnsi-si i usi s K - Li SS Ll^is in pr-susn^s—m m m »

oimpruirui sisot^i^io <Isnmo>nio si runi^onm) ^sxpd^coi.).

^NLlOY rsyimului srat^ic:, iit,sr-st,rur-s si-LnciLr-cl cis

spsoisiiisi,s ^81, LI, KI1, 82 Z , în i-s^imrui sr-monio frunoî^iiis

cis po>i.sntfisi sisoi-r^io doompisxs) D sxpd^c^i.) » in i nt-sr-ior-rui (i) L) 

sxisr-i o>i-r.ii cis?) psr-i,i orui si sfsi-ios oonsi cisi-si.s, sini, soiu^ii sis

Sorust^i si l^spi sos si scu smpi i i.rucii ni i s cis L'or-ms:

--- ooss, cs.i.iS)
I- ss pso i V

r^^ci-.s) - c-^i- * s^i-^coss. cz.r.i'?)
cisnciü i.iiis is iimi^s impruss pot.Sn^i si si o>r- sisodr-ios oompisxs 

cZ.I.iS), cZ.i.i^D ps srupi-s5si.s s5si"ios r---^ s psnt-ioruisi 

ooioiicisis sini.:

r^^cir.s) -- r^^ck.SI, c3.i.is)

- csr^'^si-2 ^, - ^7 csr^^sn) -- cz.i.is)
p - I--k m - r^-t< MVc
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d /9l-) ^__ (3.1.20)

unäs r-spr-S2i nt,L clsnsi t,Lt,SL supsl-^i oi Li L (oompisxL) L

LLr-oinii sisot,l-ios LOUMuiLt,s 12. înîSN^Lt^L (i--k) pL^i-iouis.

t^OioiciLiä, — ms6i u âs LULpsnLis, câLi.oi-i î,L oonciuoî,i vi i.Li.i 1 op

sisot,r-ios cis volum nst, c1i^s^i t,S si 

sxLoi., ciLt,ol-i^L modiiit,Lt,iior- cii l^sl-i l> ^s Lis pur-^L^or-iioi- 

LLi-oinL c^in MLt,sl-iLiui ( mLgnst.i t.2.) pLl-t,iouiSi , r-SLpsot,iv clin 

ms^iui iiotiicl i n os.i"s LOSLLi-L ssi,s LULpsnciLi-L (st^soi, l^LXv/sil- 

^L^nsi-). l^ui di pl i oi nci sous^i L (3.1."ÎS) ou ^jco ^i Lcluninâ-o, Lpoi, 

iL (3.1.20). mLi-iMSL âs^i implioii-L, clispLi-s, od>t.i ni nclu-ss

oonolit^iL globalL in oomplsx:

X csr^^^^si-) - x csr^^>s>-) _
-p I- -k -m - l- -k (3. 1.21)

ksis.^iiis Lnt,sr-i oLi-s (3.1. ÎS), (3.1.21) psr-mit, OLloulLi-sL

oosf i oi snt^i 1 oi- oompiso^i ^i clir^ sxpl-SLiiis pot,sn^i Li si or-

sisot-r-ios (3.1.16), l-SLpSoi.iv (3.1.1^):

3, - 2K (K - K )/(K -«- 2K ).-1 -p -m -p -m

(3. 1.22)

(3.1.23)

Ut,iii2ln<1 (3.1.16), (3.1.17'), (3.1.1S), (3.1.22) ^i

(3.1.23), Ls poLt.s 6st,sr-minL 6snLit-Lt.sL supsl-^i oi al L L LLi-oinii 

siso^l-ios LoumuiLl^s ia ir-r^sl-^L^L r--k pl-i n sk'Sot- ^Lxvvsi 1-^LJNSI-:

S — 
(3.1.24)

Ss odssl-vL 6in (3.1.24) oL sst,s nsnuiL, ciaoL timpii cls

l-SiLXLt,is L LLr-oil-lii sisot-l-ios 6ir^ MLi.sl-iLiui pLl-i-iouisi 

ooioi^Lis (1° — /cr" ) , r°sspsoi.iv cli mscii ui 6s LULOSNLis (^ ---
p p p Nl
cli^sr-i^i, s.câi oL 3vi ilsrit., Losast-L ool-»cii^i s c^s

SXi st-SN^L L SfSOt,Ui ui l^LXV,si 1 -VL^l^SI- SLi-S 1 Ni-Oi-ciiSLUIIL î NLlSpi i ni 

iL oonsi cisr-2.t,s.

Din (3.1.17) ^i (3.1.23), i-s2uit,L oL ^( i-, S) Li-s»

int-l--L6svLr-, oompol-t,Ll-SL LLi mpi,ot-i oL (3.1.13) iL cüiLi.Lnt^L

Lut'ioisni, ^s mLr°s cls ps.>7î,ioui2. Ll"S!-ioâ. cis i-si'si-i ri^â Li , pr^in
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i âsnt..i ^1 ^L1-S, LS ok^ins, psn^r-ru ^L2^ul Lt-iu^iat,:

p - p - 477 L7 ö, -«2-VL7/?2, I-P M-I -p p m'-p

SZ

cz.i.ss)

uncZs cx
-p 

crompIsxL L pL^t,ic:iuIsi L^si-ic^s, Lvl nÄ c-.ost'i c:i s n.î-^1 Lcjl msnLi ONLl

SX

/? - dK -K)sK -i-, dK - K )/31-p -p -m '--m * -p -m d3. 1. 26)

I nt-r-oti^c:! rici l-slL^iL d3.1.2S) In sxpnssis t,ssi-s^iciL (13. 1.16), 

r-S^^II-L PSN^I-U ciONll1u^t,i vi i.Lt.SL sl sct,l-1 c:L ^SNSI^Ll i 2Lt,L d c^OmpI SXL) 

s^sci:^ivL L c^iluLi-S c^r.! pLl-^ic^^lS Lk'si-iciS nsi nc^Li-^L^S

Kd co) - K ci -»-^^). -m c3.1.2^)

Oi i-1 li:omps.^i di 11 t,s.t,SL cLsL'l i-li 11S!- SxpSi-i msr^Ll A. (I3.1.S) ^1 

t,SOi-Sî.i c:L (13.1.2'7) Lis Illi KL(o) LS pi-in i ciS!^t-i fi ciLi-s,

sx^l-SLii lS PSI-Mi vit,Lî,11 i-SLls V^sct,1vS LÎ vit,L^ii

sliyiikiS dclS r-Syim Li-msr^ic:) Sfsc^t,ivS, Iri c:L2uI ^ONLi^Sl-Lt,:

^'dc^) -L s1 -»- 
m

!- SL pS<i:t..i v 

c^'dco) - s1 > m

runc^S L-L i ni-i-sciuL r^St-Ltfi L

X -- dK - -p -m -p -m 

klxpr-SLÎL L!^t.sr-iSL!-L d3.1.2S) LS pOLt,s !-sLc:r-is In L^OI-ML :

L7^d<o) - d3. 1.3O)

cick

3^dks<X) -»- dco^/co)Im<X)) d3.1.2S)

3^dks<X) - dk)/c0m)Im<X)) ) , d3.1.2S)

' - L^^dro-»O) - L s1 -«- 3^o dc> 
0 m ' p p

' )/dc7 -^2^)1-»-
m p m
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Luncii 2 L^Lco), ciLi,L cis LZ. 1.30), ssi-s MONOTON cissc:r-SLc:Lt-crLr-s c:u 

pciiL2i.iL co L ciimprului siscit-nic: anmcrnic: Lpiic:Li, ^i svi cisnt^i L22. cr 

i-siLXL^is cii si sc:t,i-i c:L Limpiä. cis i-ip Osdx^ ^81, O2, H1 , L vi nci

puiLLt^iL c^Lr-Lci t-sr-i Lt,i c:L

1/-r....... - L c^ 2^ )/L^ 2^^) '

^c)NLt.i 1.cii s s^sc:t,ui

Luspsnsii LoioiciLis 

mcrnscii Lpsnss ciilciLt-s ciu pLni,ic:uis s^sr-icis nsi nciL^ciLi-s Li ^Lr-L LOL 

Lt,L^Ll,.

In c^Oni,sxi,cli cision cis MLi LUL, ss pcrs^s clL ui-mLt,OLi-SL 

i nt-snpnsi,2.ns i^si L^.i i 1 on LZ. 1.24) ^i LZ. 1.28). ^cicrmui Li'SL pi-in 

suscit, diLxv/si 1-VLgnsr- L LLNuinii sis^t,nic:s 1L int,sr-^Li,L pLi-t,i ciul L 

ccri c>i ciLi L-mscli cu cäs LULpsnsis Hj. , ciOi-SLpruiUL^Ol-, LpLr-ii.iL uiiui 

momsnt, sisc:t,l-ic: cZipOlLi" 2.1 ^Sr-iiLt,i v 2l p2l-t,icirulSi , Lcuk 2c:^icui^S2 

c:imp^1iui sisc:t,!-ic: Li-msi^ic:, Llrit, ^sr-iOmsr^s cis i-si2XLi.is cii si sc:i.i-i c:L 

Lcis t,ip Osd-xs) 11-» ccrriLi cisr-2^s.

Ls L^ucliL22, 1i^ cicrlii.i ricl2!-s, ciL^ul ^sr^si-Ll 21 pLi-i.i c:cu1 si 

c:oioiciLis L^si-icis ciiu L2i-ciin2 sisc:t,i-ic:L Lrupsr-^ic:i LiL ^i LOL cis t-ip 

Lt,sr-n. In LcisiL^i LiLt,sm cis ciOOl-cionL^s L^sniciS Li-,S,^) ^uncii-iL cis 

pcrt.sn^i Ll sl sc:^l-i c: <^ompl sx L sxpL^coi.) 21-s C2 Lmpi i t,crcii ns LL r-, S) , 

LOlut-iL sc:ruL^isi LLplLc:s in Ludclomsni i 1 s MLi.si-iLis clin ^iZ. 

1.Z.2:L1), Li pLi-^ic-uisi skenics cis nsl'snin^L, L2D, Li L^i-Lt.uiui 

Li.s>-n cis fcri-ML cinsi c:c>^ji L^snicrs c:onc:snt-r-ic:s, i>SLpsc:t.iv LZ), 2! 

msciiui^i cis L^LpsnLis cii n L^LNL pLnî,i cicii si. dL cn-ML^s, pnin 

LNLicr^is crcu L1.Z.21), ciLi- in c:ompisx, Ls poLis scu-is:

r^ci-.s) - 1,2,3.
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dloncii^iils Is. limius» IMPULS smpi i i.ucii ni I Oi- cis pot-sn^iLi 

Z^di-,9), K-I,2,Z, ciin dZ.i.24), Lint, ui-MLt,OLi-si s: 

di) ^On^i^is cis uni l^cii-mi t.st-s s c:i mp i^lur si sot-r-i c: Lr?MO>ii.c: la 

lii^i-sn^S Lul^icrisnt, cis ML!"i Äs psi-i-iciuis cioioicisiL L^sr-icis. cis 

i-sfsr-intsS, concii^is cs impiius. In dZ.i.Z4)

-- si - 0, psn^l-u n -- 1; dZ.i.ZS)

dii) c:Oncii t,i s cis NSLi ngui si-i t-s.i.s s. iui in csnt-r-ui d r°-O)' 

ps.r-^icuisi L^sr-icrs, csss. cs r-svins Is:

- 0» n>0; dZ.i.ZS)

diii) concilii s cis cont-i nui t,si.s s poi-sn^i si ui ui Sisct,l-i^ Is 

i ni. sr-f st,.s d i--I^I) ps.l-^i cui s-Li.r-s.t, 2t,S!-n st-s-Lst,:

I?" - I?^ - s_ - o, N>O. cs. 1.3^)-In -2n -2n

r^SLpsc^iv lA ini,sl-fs^L dr'-k^-â) Li-i-st, §t-si-n - mscii u cis 

LULpsnLi s:

Z *
L^ck-^S) s^^ck-^S) - s^/ckî-s) - -e:ci?-^<S). cs. i.ssI

ci?>SJ^ 6^, ci?>S)^'''^' - s_ ci?^)-^'''^^ - o. cs.i.ss)
-2n -2n

psnt,l-u n-^i;

div) cc)nciit,is cis ini,si-fLt,L cs i-s^uli-s cii n csmdinLr-SL

f"ol" msi oi- Icrcisis din ciomplsx) sis I s^i I oi- ^luxului sisc:i.i-ic: ^i

ci-onLsi-vsr-i i Lsi-cinii si sct,r-i cs ps Lupi-s^s^s L^si-ics r--k s 

PS.!- i-i cul si :

n-O 
d3. 1.4O)

i-sLpsci.iv ps Lupr-si'st-s L^sr-icis sxi-sl-i osr-s d r-L str-st,ul ui 

.^Si-n si.s.Lsi. psl-i,i cul si :

BUPT



86

L â -»- ^LcosS
n--O

> x S- cn*i)ck-«-<» ^"^ic^k- c-:oss> -- ^-oc^ -»- , cz.i.4ir
-Z i-i -m n b

n--0

uncis ou K -- cx -«-^co^ L-L riot.Lt, ooncluot-i vi t.Lt.sL sisodniol 

gsnsn Li i LLt.L oor-SLpun2s.t-o>Lns Lt.r-Lt.uiui §t,snn Lt.L^Lt. pLnt.iouisi 

ooioiclLis. Ls pnsoi2SL2L OL O" cis^ins^t.s ocrncluo t.i vi t.Lt.SU 

sisot-nios. cis voi um L Lt.r-Lt.uiui §t.snn, in ipot,S2L os. gnoLimsU
-1

LOSLt.UiL nu SLt.S ns^iiLdiiL 1"L^L -cis NL2L pLnt-iouisi. c/^ /Lm / nu 

t.nsd»uis oo»n^unciLt,L ou oonciuot.i vi t.Lt.SL sisot-nios. LUpsnt"ioiLiL »

/L/ 00NSLpun2Lt.0Lns oont.nLi oni i on dpO2it»ivi) os LS pot 

clspiLLL PS LUPNL^Lt^L SXt-SNiOLNL L Lt.r-Lt.uiui Lt.snn.

ciL ^i in ^Z.i.Si), olsnLit.Ltsiis cis LLl-oinL sisot.r-ioL

LoumuiLt.L pr-in si'sot. d4LX>VSii-V/LZnsr- iL int.sr-i'st.sis r---k Li r---k-»-^, 

Äs^i impiioit.s, LU ciiLpLi-ut. in ^Z.i.40), nsspsot.iv L3.i.4i).

I^L r-inciui si, oonctit^iL iL iimit-L LZ.i.ii), ps Lupr-LfLtsâ

L^sr-ioL sxt.sr-iOLr-L <Ir----k^<5) L Lt.nst.uiui St.snn Lt.L^Lt. pLnt.iouisi 

ooioiâLis, LS Lonis câs^voi t.Lt.:

9) -- ^ol^/dk-<-<5I)^Lin9lS-(LinSsSS^^/SS

S)/S6 1 )/SS, d Z.1.42)

uncis L-L i^inut. oont. cls cisfinit^iL d2. 1.S) psnt.nu 7^. Ut.ii i^inc! o 

nspr-s2snt.Lr-s pr-in poiinoLins l^sgsncins L 1"unot.isi oompisxs

8S odt^ins ou dZ.i.Z4), dZ.i.ZS) ^i dZ.i.42) in cZ.i.4D:

-si-. s^l2i<^ci?^^ * ,

- k: * ^Lodk-»-LS)^/c!^cii-s-^jcoi-^) C3.1.4Z)

^2^."^^)"^- s tc cn^iJck^-S)^"^^. s_ <>: <n4i)ci?^S)-^^) 
« L.N « —ÄN —m

- T <-ic^ -»- ^>, psni.i-u ^>i, cz.i.44p
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S7

uncls tfinut. SSLML oL poliNOLMSlS ^s^snclr-s SLt-iS^LO SOULtfiL

6i5si-Snt.iLiL l^1,^2,L1^I:

d1^sin6)cl(sinS clp^doosS)/clS)/clS -»- nd n*1) k-^d oosS) -- 0 dZ.1.4S)
unâe s-a In^roäus no^a^la -- dk><S)^/2^^.

Oin sist,smui cls Souatfii (3.1.35) - (3.1.41), (3.1.43) si

(3.1.44), r-s^uIt-L psnt-r-u oosl'ioisn^ii oomplso^i S^, n>O, clin

sxpl-ssiL pot.snt^i Li ul ui slsot-^io L^dr-,9):

3
- Ldk-»-S) dK - K D/dK -»-LK ) d3.1.46)-Z1 -PS -m -PS -m

-- o, psnt-l-u N---1 , dZ.I^T')

^ncls s-L Lclmis o VLsi-sl sot,r-onsut,r-s.l i t.2.t,sL par-^l oul si ooloiclLls 

sj7Si-ioS ou sti-at. Lt,Sl-n Lt-L^Lt., In Ldssnt^L oimpului slsot-r-io ^i 

S-LU int.l-oclus NOt.L^iiIs

X - X ci-^Lz-J/ci-z-J -I- -j<ock-«-S)cq /2^ xic ) cz.1.48)
— PS —s

> - dK -K )/dK -»-2K )d1-»-S/k) . dZ.1.4S)L -p -« -p -«

Oin d3. 1.34) ,d3. 1.3S) ,dZ. 1.46) ^i dZ.I^T'), i-s-ui^L oL 

îdi-,S) LI-S, 1 nt,i--ÄllsvLl-, oompoi-^Ll-SL Lsimpt.ot.ioL (3.1.13) la 

äls^ÄN^L su^ioisnt. cls MS.I-S cls par-t-iouis s^sr-ioL cls !-S^S!-int.L ^i, 

pi-in i clsnt,i f"i OLi-s, ss odt^ins, in Losst. 0L2:

p - p - 477L L-. - « , (3.1.50)^PS ^P6 m^31 ,P6 p m,ps "

unâe « -V L7 äet1N6?t.S poi Ll-i2Ldi1i t.Lt,SL cli poi ar-L soții vai snt-L 
"P6 P M-PS

oompIsxL L PLl-t-iouisi ooIoiclLis sk'si-ios ou st-i-Lt, 2t-Sl-N Lt,LS2.t. ^i

Ll-S oosk'i oi snt.ul s.cli msnsi ON2.I oompi sx:

t " l ) l)/)^ -r. (3.1.51)

du relL^iL clsclusL MLi SUS d3.1.60), SXpl-ssia t,sol-st.ioL 

d3.1.16) L ooncluot,i vi t,Lt^i i sI sot.i-i oS ^snsi-Li i 2Lt,s d oompi sxs) 

S^SotivS L l_^1 OÄpLt.L l^or-ML oonoi-st.L psnt,r-u OL2UI st,ucliLt-:

Kd<^)-I( (1-,-v, /? ).- m p PS (3.1.52)
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Sk

LO^S^Î(13.1.82) LS POLt-S l-SLOr-is: 

<2.1.sz>

eu K--(1-»-<5/N) ^ . Lksc^ul lici OLlOOlsIs In (13.1.83), LS okt^lnS 12 

NOMit,OI"Ol ^LO^isi OOMplSXS cs ^LC t,OI'i 2SL22. PS I^:

3 
(3.1.54) 

unä6

s m 
^-dL7 -i-äL7 täL7 *d<7 -i-eL? -l-ä^ 1-i-äe 

s m c s s m m
k-a^ -»-d^ -»-c^ *ä<? -«-i- ( 2<^ -»-2c:^ )-»-O6 s s m m c s m

v-b-^a^ <3.1.S5>
eu 

ä-^kI-«-2/k)-'-2--'bt1-1/k) , d-^k1-1/k)-»-^t2^1/k), 

c--r,(1*2/k)-»-2^(1-1/k), ä--^l1-1/k)^(2^1/k), 

8 8s-lR-i-S) /Xb^l-lir-l-S)^^/^. l3.1.S6>

ril LSLML c^s <13.1.83) (13.1.84), (13.1.82) Od^i lis

I<(^)-(^(^)/^)/(1^.^i-^) d-^-lj^^) - (3.1.57)

Ln ^Lr-s c:u ^c^o) §-2 nodäll numär-ät-Or-ul Liomplsx, c1spS^clSi^<. cls

5!-S^vSi-t^L, Li ^l-Lc^isi äi (13.1.83) ^1 lunclS timpii cls r-slaxL^is

ciiSlSc:<.r-ic:L ^-1,2,3 ,sa^lsLsc: kormulsls lui V1s^6:

^^2^3^/«' ^1 ^2^1 "3^2 ^3^/«' ^1 ^2 ^3^/"- l3.1.SS>

krin äs s COMPUN 617 62 1r-» slsmsnt-s LimplS 2. r-L^icrnLls
OOMplSXS clin (13.1.87'), r-S2Olt,L:

3 
icc<o)- x )

k-1
<3.1.S9>
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eu k--1,2,3, âsisrminadili prin iâeniiiioare. LyaH nâ

pLr-iiis imL^inLns Lis esior- âoi msmdr-i Li seiuLiisi eompisxs 

dZ.i.8S), LS oât^ins, In final, psnir-u psnmi ii vi iLiss. r-sLiL 

sfseiivL L eon^ininâ pLniieruis Lfsnies eru LLneinL siseinieL ^i 

eru sii-Li Lis^n LiL^Li, O sxpi-SLis âs for-ML:

L'(^) - L^L^(io)- x , (3.1.60)

unâe paramsirii-IimiiL ^«p^nâ âs i^dco)

runeii^ L7'dco),âLiL âs (IZ.1.80), ssis monoion âsLei-SLeLioarS 

c^lu c^> Li sviâsntfiL2L, in OL2ui 9SNSNL1, inși âomsnii âs nsiLXLt^is 

âisiseinieL âs iip Osd^s, el-l pluiLLt^iiis OLNLeisni LÜ es 

c^-i/n^, k-1,2,3 . vaosl 2.esLis âomsnii âs nsiLXLtfis âi si seini es. sini 

âi L Ü neis, Lâi es. ^<co^<co^, pnimui LN pruisL fi Liniiruii r-si LXL^i si 

âs ^jcILLL ^!-Sevsn^.L L sir-Liuiui Lisr-N LiL^Li pLniieuisi eeiOielLis, 

i Lr- ui-MLioLi-sI s cicruL Li° p^lisL esr-SLpuncis s^seisl or- 

l^Lxvvsi I-V^L^nsr-, cis L^r-sevsn^s MLi inLlis, IL inisr-^s^sis I---K ^i 

r--l?-»-S âinir-s eempONsnisis idl.

^s ^scjrues imsciiLi es, in Lpr-OximL^iL Lir-Liului Sisr-n 

Llukiil-s, câsoLi-ses <5-> OLi^—» Oin sxpi-SLiL <13. 1.82), 

ciomsniils cis r-slLXLiis <ii si seir^i eL c!s iip Osd>d Lis runet^isi 

L:' (<>)) Ls i-sci^e iL ciouL» pi"in ^ispLi-i^iL s^seiui i^i k^LXv/si i -VL^nsr- 

LLoeiLi inisi-^stfSi

In eonei^nis» sud» LeiiunsL eimp^i^i siseir-ie Lnmsnie ^i 

luni foi-m, in id-1 eontfininci pLl-iieluis Lfsnies eru 2O2 LiL^Li, LpLns run 

/snOl/rsn LQN i'sî.QXQH LS ciisLse LI"ie<2, Lcr ecrr-s i<2

sssnL^crLâ nsvr^ns Li^/7U2!Lsi i e i Q L s Q eOnLi-QLOnr LO2- <ÂLN

sL^crL-ruL SLsi'sr.

Z.1.2. OL^ui iiekiâsior- msynsiies Lni-iomsi^ies

In parayrakul anierior, s-au examinai fenomenele âe 
relaxaiis <iisiseir-ieL âs iip i nisnfLei Li, nsisvLnis psnir-u 

eompoi-isr-sL in eimp siseinie Lnmvnie in iimp ^i uniform in spL^-i u 

L l_l^ câiilULis, monoâiLpsnLs ^i i^omsinies.

BUPT



30
VL Li-Lt.L, i 51 ocrnt-i NULNS, ^2. Iri Lnin2MSt.5^^

coont^inin6, OL t^L-L 6iLpsr-LL, ^is pLr-t,iouis LULpsn^Lt?

L^sncri^Lis i n6spsn6snt.s, fis un LNLLmdiu 6imsni2Lt. 6s pLi-t-iciul? 

ooioi6Lis Lt^snios) LUPULS LO^iunii timpului sisot-nio Lnmonic: 

unik'oi'm, ss ms.ni t"sLt,L, In pi UL ,/sncrmsnu!, cis i^s LQXQ^G 

ÄisLsci L^iciä oi-i sn L cr^ i oncr L ä .
§6 eonsläsrä, LLt,L"si, pLi-t.iouiL oeric)i6LiL cis ns^snint^L 6tz 

fo!"ML 8^si"oi6LiL ^i 6s oon6uot.i vi t,Lt.s si L2. gsnsi-Li i 2Lt»1

coompisxL) K ,imsi-LLt.L in ms6iui 6s LULPSNLiS cou oon6uot.i vi t.Lt.G 

sisot.r-ioL gsnsn Li i 2Lt,L l<^)^i L^lL^L în pr-s^snt^L oimpulul 

sisot.5-io Lnmonio ^i uni^onm L 6Xp(^^), L eârul äi^sot^is SLis 

inoiinLt.L ou ungtiiui ^L^L 6s LXL 6s Limst.nis (LXL MLns ) , 

pLi-t.i oui si. Ls Lt.L^sL2L LOSLt.si pLnt.iouis LÎLt-smuI cäs noOr-^ONÄ^s 

Lis L^si-oicäul rui Li ungi t, ?u cisfini^iL <11.4. 1)1.4. 4) .

psn^i-u Limpiit,Lt,s, Ls Läopi-L, In c:ont,inuLl-s, i pc_i^s22 

Lt.5-Lt.ului Lt-Sl-N Ludt^ii-S, LLl"sI inciit, t^Ont-r-LiOnii I ui Lint

civn^inu^i ctiiLr- ^s Lupr-L^L^L pLr-t,iciuisi L^sr-ni^Lls, unctv

LS pOt, cZspiLLL t,Lngsn^iLi Lud Lci^iunsL timpului slscit-i-ic: LI-monte 

LplioLt,. äosLt. oimp LS Lelmit,s Lu^ioisnt. cts LlLd, psnt,r-u OL t,OLt,G 

MLi-i mi i s ctspsnctsnt,s cts si LL VLi"is2s In t,imp OL sxpC ^cot.). I/ 

oonLsoin^L, psr-t-un^L^iL inetuss. âs olmp In elsnLit.Lt.SL Lupsnt^i cuiLlL^ 

cis LLi-oinL sisoîl'iciL L pLi-t.iouIsi ooioiclLls LL^S els r^oi-m» 
S^^sxpc^i<oL) ,SL clLt.oninc1u-LS int.sgi"Ll fiuxuniIQI- cts oonctuo^is 

«ti^u-üis Lis oont.i-LioniiOi-, t,LNgSN^iLis iL LUPNLt'L^L PLNt.iouisi .

vLOL LS NSgi i^j SL2IL st"sot.si s MLOI"OLOOpi OS cts cti fu^i s L 

ionilon cls i mpuni t-L^i, cts oonosnt.i-L^i s i-scluLL» ctin msctiui 6s 

LULPSNLiS Li Lt.unoi pot.sn^iLiui sisot.nic: oompisx in i nt.S5-ci)l-uI 

ci), NSLpsot.iv sxt.sr-ioi-u1 cs), pLi-t.iouisi L^sr-oi ctLi s LLt.iL5Lcs 

souLtfiL i.LplLcis:

c Ic) 
c^ , 7),-^)sxpc^c^t.)-0, lc--i,s. cz.i.61)

^OSLLt,L LS POLt.S N S^Oi VL pni n LUPSN PO2i t^i L Loi u^i i i oi- etL^OI-L^ 

c:crmponsnt.sioi- oimpuiui sisot-nio Li-monio, pLi-LisiL 8^ sxpc^cot:) 

PSI-PSNctiouiLNL L^sxpc^co^) ^LtfL 6s LXL MLNS c6s Limst.I-is) 

L PL5-t,iouisi L^SNOi 6Li s. dL Ul-MLr-S, MOMsnt,ui sisot.l-io 6ipoiLl'
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inclus ^^sxp^^coi) 2I p2i-iiculsi L^s^ciri cl2l s cu Lil-2i Sisi-n Lud^il-s

LS pO2is ciONLiclsr-2 LUM2 vsciiri>r-i2l2 liomponsnisl O!" L2ls,

l ONcZi iucli N2l 2 sxp(lj<0i) ^i ir-2NL VS!-L2l 2 ^^^exp( ^<0^) , ^21^9 I2

I^inclul lcr- pOi. 1"i olr^inuis clin 1"c)r-M2 2Limpisiici2 2 psisn^-i 2l ul ui 

slscir-ic complsx l2 cliLi2N^.2 Lu1"iciiSni <ls M2I-S cls P2I-Ü cul 2.

l^s5s7iici>i- l2 ci2l ciulul momsnLuLur^ Äi^or.QN I^NÄUL Lon§^ LucÄ^ncrL

SXpl^jco^) clin ^OmpOl-t,2r-S2 2Limpi.crt,ili2 2 pvt,SN^i 2l ul ui slscil-i-ic:

cromplsx SX^-SI^i » Limsi,l-is 22imut,2l2, T ,7?) expl 

2N2loyis cu c22ul Li2Üci t-i-2i2i, In p2i-2^r-2^ ul 1.4, 

limil.2 2Locii2t,s Lini:

cioncliiiils 12.

- -c:Z^ <7k-fc:os7). (3.1.62)

-r^^(<k^,77) -r^, (3.1.6:

S * S LS (3.1.64)

^(Sr^>ä^^^-^(Sr<b)/Sif)^^^-^c:X^ , (3.1.65)

unâe â ,c^ âeLinese âitU2iv1i:3^eL ?i c:oncluci^i vi t.2^S2 Slscit,!-ici2 
c: s

LUPSI" 1"i cii 2.1 S 2l s liOni,r-2i Oni l OI" clin Lî,r-2î,ul Tî-Sl-N
Lud^ir-S,^^ Lsmnik"iki2 opsi-2^sr'ul l.2pl2tis tiOr-SLpuniiL^vr- Lupr-2^s^si

L^Si-Oicl2ls a particulei, iar cX^ sLis unit,2t-s2 lOci2l2 cis

lunczims r-sl2t,iv l2 2ciS2Lt,2 LUpr-2^2^2. ^ciU2t-i2 cz.1.64) 

sxpl i cii 1,2i.2 ,

) (â?/ (--X1) 2) < 1/tyT)) sl (-'g/äo ) /S7)^.S^ (l--^/ä<, )rS*s§s 1 /s^2)

(3.1.66)

cONäuce,i n 2pr-ci>xi M2ii2 1i ni2!-2, l2:
-l-"g/äo)r^/k1/3^*). (3.1.67)
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QU 2â^ cls^înîî. în cZ.I.SZ).
Oi ri LiLt^smrui d 3. 1.61) —d 3. 1.63) , (13.1.66), d3.1.67'),

Od^ii^s, Limil2r- O22uiui Lt,2t,iO, sxpi-SLi2 pot,sri^i 2l ui ui sisei-i-ic:

Oompisx sxi,sr-iOl-:

(L^Liinâ

,7?)-l-ce,, s^lek? ) Ic-os>?,
t"unOi.i2 I^s^si-icll-S cis §xs^2 2. câou2 Li pl-imr.il

Li-Ilumsni. cis mociui Lupr-2urii ^2i" eu ^O^M2 2Li mpt,ot,i O2:

roosS-i-tH,, c-^/3>cosS/r^,

(3.1.63)

Oi-cili 5i,

<3.l.es>

il-i OOOl-ciOliLr,S L^sr-iOs r- Hi S.^i-iii i Lislit,i 5"i O2r-s, i-S2uit,2 imsciIiLi 

psnt,i-u 2mpi i t.u^i i-iS2 momsn^uiui cüpOi2i" i li ciI u L I on^i luciii 

sxpr-SL i 2:

p -4^L7 /3 - V L7 L , (3.1.70)
^-pll m -II p M-PI^i U '

unâe oosLieienliuI sâlmenslonal si polar-lradlli^^i i citip^iLi-s

I oi-l^i i.l.icii i^Li s Oomplsxs 2 p2r-^iOiuIsi L^si-oi ciial s SLi.s:

^)I.„ I, <3.î.71>

eu

-pu <3.1.72>

I.,, klinâ âeLInil: 1 d 1.4. 24) .

i-t^, il-l moci Li mii 21-, O2l Oului ÂipOLQ2-

L l L^^6Xp(^^), LS Odr^ir^s, îri r^i N21 , O SXPI-SLis 2l12lOtzL
Olu d 1.4. 44) :

p -V L7 /? L , (3.1.73)

r^l-i^s OOS^i Oi sr^^ul 2cji msriLi 01-12! 21 pol 2l-i 226i 1 i i-Lt^i i <^i pOl2i-s

t,r-2riLVSl-L2l S OOMpI sxs 2 P2i-i.i c7^li si L^Sl-Oi LiLl s SL^s:

6^- < / l -c^ < ' l 3.1.74 >
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<3.1.75)

klinâ Lunecă.L l^sgSliÄr-s ssoolst-s Äs LpstfL. L ÄOUL ^1 primul 

oi-Ä1ri, ou si-^umsli1, Äs moÄul Lupr°suli1 t,si-) ^1 ÄsF'llill. Ili
d1.4. 46) .

în ÄS2S l-s1s^111ol- ÄSÄULS ms1 LUL d3.1.7O) ^1 d3.1.73),

momsiiLuL sLsoL^lo ÄlpoLcri^ QLLsi"n.QL^v, liiÄus pcr^LlouLcr

s/s^o^cicrLL s^spsnÄQLL Äln. L.?/ Äs oimpuL sLsoLi^lo cri-m^nlo 

U7i1/oi7M., oÄtflns sxpl-ss1s:

ppSxp<^d)-<^^ ^Zp^texp t^cor) - v^((^ ^^)sxp t3<or).

(3.1.76)
36 odsSUVÄ Ä1li <13.1.76) os ^^SXpd^co^) nu 6Sll6 nlel In 1^S2L, n1o1

omops.i-s.lsl ou olmpul s1so^l-1o Ll-molilo L 6Xp(^co^) .

?n1M3 OdS6HVatf1 s LS t-l-sÄuos pr-1li SxlLt,sli^L 1s. l_d-1

Sli1 2IOMS^l-1 os dos ^1 1s os1s 1 2OMSt,l-i os) L urisl Äud,1s l-slsxL^.11 

c^1s1so^l-1os ÄS t,1p OSd)x^> SLOo1st,L pr-oossslor- Äs 1s LUpr-L^L^L 

psl-^1ou1si oo1oiols1s LU Lt,r-st, Lt,Sl-li Ludtf1i-S.

ÄOUS Od>LSl-VS^1s LSMlil^loS Lpsl-1^1s Uliul OUp1 u ÄS 

s1so1.r-oor-1sii1.Ll-s, SXSl^o11,Lt, ÄS olmpul Ll-MOliio ^SXpiZto'd) LSUPl-L 

MOMSli^ulul Ä1polLl- L1 1.S1-IiLt-1 V 1 riÄUL Ili PLI-t,1OUlL oo1 o1 ÄL1 L

Sli1 2OMS1-I-1 OL , Äso1 LLUPNL PLl-t-1OUls1 1 liLSLl . Lpl-s ÄSOTSd1r-S ÄS 

OS.2U1 ^1st,1o, ÄSLOr-lL Äs d 1.4. 4S) , l-SLPSOl.1v d1.4.110), ouplul 

Äs s1 so 1.1-001-1 Slit-Ll-S Ili l-s^1m Ll-MOli1o Äsp1 liÄS riU liUMLl ÄS d1) 

ps1.I-s1.u1 SMp1 1 t-UÄ1 1i1 1 Olmpu1u1 Sp11os1. ^1 ÄS d11) Uliytilul 

âirl^H6 VSedOHUl-el mp ^1 sxs ÄS Llmst.l-1s dsxs MLI-s) L psl-t,1ou1s1 

Ll^S1-o1Äs1s, o1 ^1 ÄS d111) pulLStflS d ^l-so vsii^s) oi Mpu1 u1 

Sl-moii1 o. I^lsi-1 mss LS MSÄ1S Ili t,1mp sr-s moÄulul:

>(1/2) ks < x^sxp(^L)xZ sxp(-^L)>>

- >(1/2) ks < v^l^„ (-o)Z,, -»-^t<o)^)»cl Z^,^))I

-(1/4) irs < ^d^)> sin 2^. (3.1.77)
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unâs s-L noîsî

conkorm <3.1.77), âsi:srm1nsi7SL eomporrLi-1 i oi-isnc.s<,ioi->sls 
l^i-sci vsrit^ä. 2. p2i" 1.1 oci1 s1 211I 2oms1.i-1 os Lli^ps7icit2l.S c11 ri 1-^ rsvlns 1^ 

^t.licH,i1 1-2(120 4. Ii11o7- sciii2^1s1 ks < -0.86 âsâuee U^or-, ciâ

2ciS2Li.2 7-Spl" S^1 nî.2 O SOli2l.lS t^î ^2.^I"L^2. 1 74 (c) , LI O^-I^sl O li«Sl 1 li 4. SI 

c^sp1 Iicl cls ^somsî.7"l2 P27" î.1 Oli1 s1 lio1o1cl2ls 2.71I ^oms17-1 lis 

cls P27" 2MS1.I-1 1 s1 Scill^D^I 21 o1 21 ^22:S1O7- ciOMPO74S74l-S 2.1s l-.t^. O74 

2N2l1^1ci 21 2OSL1.S1 SSU2^11, 174 022^1 P27° 1 O 7i1 27° : < ^ < <c? )

OOlo1<it2lS 2741 2OMS1.I-1 OS <il1 H l^Kl.

^S Od)LSI-V2, S2 lit2ci2 l74t.I-S 

d>1p2^I-2^S SXÎL^2 clOI^â. I-S2ls 

1NTS2M742. ci2:

l^sls P2t,i-ll r-2ci2ciÎ74l 2.1s scilU2t,1si

2/ âduncl^1 pli)2lt,1vs co^

-PSN^I-^ O<(0<(0^ ^1 ^>^2- âsei 74 ^jOLL2 ^1 171211.2 I" sci VSlldâ,

P2I-^1li^l2 2741 2OMS^7-1 li2 LS Öl'1 S7lt^S222 li^l 2X2 M2I-S c ciis Ll mst.l-1s^ PS 

<ill7-sci^l2 <^1mplu1^l1 s1scit,7-1s 27-MO7l1ci'

-PS741.I-I1 âee1 1 7-1^7"-lU71 <il0MSIl1 U d M24. Ml.,1 1. L2l.l M2I

Plugin 174^14^1.) 6s 5l-scivs^^s I74t.si-msc1l21-s, SX4.^t.2 S OI-1 S7l1-2>-S 

^1,2ti>1l2 2 P2I-1i1 cilii s1 cili 2X2 M2I-S PSI-PS74l11 ci ^l1 27-2 PS cij1s-Sli1i2 

cil MP7411^1 . ^v1 clsnl-, mocill t^1 S2I-S2 c11 LciO7it,1 71712 cili SO 2 or-1 SH12I-i 4.

P2I-1.1 cilii s1 2741 2IOMS1.I-1 ciS , I ri P7-S2S74^2 cil mplil 7i1 s1 tSO^l-2. ci 2r-MOl14.li,

^s S^Sciî.l.lS22 2 1 2 P7il22^.111s ci7-11,1os 21s 2ciSLt.liÎ2
2'
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In 032ul Y6ner3l, sud 30tfiune3 oimpului eleotrio 3rmonio 

uniform, P3rtioul3 ooloiâ3lL 3ni2ometrio^ âin bN äevine un
L r-^o ou criTro»^ L ui.^ooo^ä , äesoris, i N

âomeniul timp, prin eouati3 äiterenti3lä âe mișcare :

7 - Z
I â ^/ât -»-^ â^/ât -- 1^ X ^02 ^t, 

<3.I.7S>

unäe 1^ âeiine^te momentul prinoip3l âe inermis si p3rtioulei, iar 
eoekioientul ei âe ireo3re visoo3sâ ou meâiul âe suspensie.

Iriti-uoit iL l^lv! OONLÎâs^Lis, I ^10 termenulp V
inerțial âin (3.1.76) se pO3te neyliija in r3port ou oel âe
3morti23re visooass., LLt^sl oL eou3ti3 generala âe miso3re a

p3rtioulei 3ni2ometrioe suspenâ3te âin bN se reâuoe Ia eouaiia 
âikerenti3lâ âe orâinul intii, O3r3oteristioâ

L I'0 6? ÄS ^sLQXQL^S.'

2 
âr^/ât - (1/^o^ sin2^oos ^t, (3.1.73)

2unâe -r-o I^^(co)I ^joaoa rolul unui timp âe rel3X3^ie

âieleotrio^ orient3^ ion3lâ.. Conform (3.1.73), alinierea
parliioulei oi- aniLomeirioe in oi mp eleo^rio Li-monlo eviâentfiaLâ un 
/s^of^L?^ <Âs i^sLQxcrL^s cĂcrLor^Lâ vr.sooQss o^ cis

l^elaxaiiile âieleo^rios âe ^ip oriendaiional ^i in^eriaoial 
poi Ii proosse oooperanie, rn^r-o anumit ^LML cZeL^-soven^e ale 

oimpului eleo^rio armonio aplioal: 1.!^ ou part:ioule ooloiâale 

ani^ome^rioe.
In^roâuoi nâ expresia (3.1.76) in âetinitf ia î-eorerioL (3.1.15) a 

oonâuoiiviiaiii eleo^rioe ekeoiive ^enerali^a^e a 

se odiine:
L <") - <^k> ^?I< Z^>/Z ).

(3.1.60)

In relaii^ an^erioarL (3.1.60), s-a simbolizai: ou paranbeLe 

unybiulare meâierea pe ansamblul parbioulelor ooloiâale 
ani^omeirioe âin volumul iniinib mio Ü2io V al btt , meâiere oe 

ar irebui eieobuabL, oa ^i in oa^ul sdabio, asupra suburor 

orientărilor posibile ale partioulelor âin V. In ipoteca unei 
âistributii orientationale uniforme Lr-mo^lo L

partioulelor ooloiâale ani^ometrioe âin btt, sinyura oompatibilL

BUPT



S6
cu âskiniiis (3-1-1), sxprssis <3.1.8 ) ss sci7ls :

2 <^) / ^p,, ' (3-1.S1)

lO2d6 observadiils ^i eonelULÜle ealidadive âe Mâi SUL 
dranspun iâendie ^i iâ l»l^ Lni2OM6driee eondininâ, ea da^a âispe^ 
vin ansamblu âimeri^ad âe pardieule eololâ^le sderiee.

z. 2. Isiigsrids uiigblulul tis pisrâsr-I âlsl Sl-dri l-S In

lic^biäslvr' mLgnsdic-s

Oaeä. lâ bornele unui eonâensador plan umplut eu b>1 se aplieä o 

tensiune eleedriea. sinusoiâalâ, asddel ea i ndre armadurile 

eonâensadorului sä. §6 sdadilsaseä. un ei mp eleedrie armenie 

unidorm, alunei se proâuee in e âisipare âe energie, pe âe o 

parde prin edeedul ^oule-bsn? âederminad âe eonâuedividadeâ 
eleedrieä edeedivä. nenulä. â bN, iar, pe âe aldä pârde, prin 

proeesele âe relaxadie âieleedrieL âe dip inderdaeial si

oriendasional speeidiee btt. ?ierâerile âieleedries in m
repre^indä. doemai valoarea aeesdei puderi âisipade ireversibil ^i 

pod di earaederi^ade global prindr-o mL^ime âe maderiâl 
măsurabila, -r^S^r^L^ s LSd L LOLcrLs

d^ <5 .

eurendul eleedrie prin btt âindre armLdurile eonâensadorului plan, 

la bornele e^ruia s-a apliead densiunea sinusoiâalâ 

I) exp(^jcod),are , ea armonie^ dunâamendalL, expresia in eomplex 

I explijcod) - v U expli^d) eu V - l " -»-o" )' 1/v/â, eondorm 

relațiilor (3.1.3)-(I.I.5.). Napordul eomponendelor aedivâ 
(realL) si reaedivL (imaginar^) âle ampliduâinii I a 

dunâamendalei aeesdui eurend se poade aâopda ea âedinidie pendru 

dangenda ungbiului âe pierâeri âieleedriee dodale in ea^ul btt, 
aäieä :

dg S (co) - ire <l> / im (I) -- ke <v) /im <V>

- Li'« (c^)' (n) - dg (3.2.1)

unâe s-au eviâendiad dermenii aâidivi,

dg â^(e^) - L7" (co)/L7'((o)- (3.2.2)
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repre^entlnâ tangenta ungdiului âe pierâeri prin 

relaxatis âielectrica, respectiv
tg - O"' (^) /^ ' (c>)) -36 7i x 10^c^' (co)/c^L^(o)), <3.2.3)

repre^entînâ tangenta ungdiului âe pierâeri âielectrice pri 

conâuctie. 3-a opsi-Lt In (3.2.1) eu funâamentala curentului 

electric ce trece prin VN ,lntruclt armonicele sale superioare 

odiar âac^ există , nu contriduie la âisiparea energiei 1 n VI4 (^4^.

Din expresie armonicei iunâamentale a oureniului ce trece prin 

ddl si âin âiagrama ta^orialL reâata in iig 3.1.1 se odservL eâ tgS 

repre^intL tangenta complementului ungdiului âe âefa^a^ âintre 
kunâamentala curentului ^i tensiunea sinusoiâalL aplicat^, aâicL :

tg6 - ty(7i/2-V>) - ctg^r - 1/tg^. ( 3.2.4 )

doniorm âeiinitiei (3.2.1), tangenta unghiului âe pierâeri 
âielectrice totale in ca^ul vtl eviâentia^ o âepenâentL marcata 

âe pulsația (frecventa) tensiunii sinusoiâale aplicate v expiat) 
(respectiv, a câmpului electric armonic ^i uniform aplicat).

Se constat^ âin (3.2.3), cL la limita frecventelor ^oase, 

pierâerile âielectrice âeterminate âe conâuctivitate âevir 

preponâerente.

?e âe alta parte, pentru pierâerile âeterminate âe relaxatia 
âielectrice interiacials. (âe tip ved^e ) âin l.tt, se âeâuce, ln 

da^a relațiilor (3.1.7), (3.1.30) si (3.2.2):

? ? 22-1

2 2

vin (3.2.5) re^ult^ existenta valorii-limitä

tc^ .„.(^) - 0, pentru ->0 si -»w, (3.2.6)

precum ^i a unui maxim dine conturat 

1/2pentru
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3. 3. ui sxpsi^i msnlsi si lioliiclsior' rrrs^nslios In»

LU^ÎO^l-SLVSN^â

^U2il22 6XP617lM6Nt72lä L OOMPO171L I7i 1 UUU1 N MP 6i6Oll7lo
217MOU1O ^1 UU11OI7M PI768UPUN6, in 686Ul^, M^8UI721762 P6I7Mll7ivi^Li ü 

H6l2riV6 176216 6l60H1V6 ^^.(L) ^1 L 12N96N^61 UN^1u1u1 â6 
pi6I7â6I7i âi6l6Ol7I7lO6 IOI2I6 ( k ) , i NI17-O 2UUMII72. Y2M^ â6

^I760V6Ntf6 216 Oimpu1u1 2p11O2d.
?6N^17U â6l7617MÎU21762 6XP617lM6U^2l2. 2 1u1 IN O22U1 i.^

^H6bul6 ML§U172ll6 OSPLOi^L^iltz 6l6Ol7I7lO6, (^0 3 UUU1 0OUâ6U8 2lOI7 plâl) 

UMp1u1l OU 2617 ^10 2 206lul2^1 0OUâ6U8 217OI7 2Vinâ, iN82, 2I7ML^U17i1tz 

ÎM6I7S2l6 1,^. O0NkO17M 80ll6M6l 6OtliVâl6N^6 2 OONâ6NS2^OI7Uiui plâN 
OU P16I7â617i âl6l6OllI7iO6 â1n kiy.3.1.i ^1 2 17612^161 (3.1.6), Lk

PO2176 SO1716:

IM<X>/^ - ISlN^l/2^1I2I (3.3.1)

unâ6 2 - I76PI762ludL 1mp6â2n12 0OMpl6XL L 06lul6i â6 MLLUI72I76. 1â

â6l7617MiN2I762 PI76Olsä L 1u1 1l76dul6 SL L6 t.i nL S62M2 ^1 âk

02P20l^2l762 P2I722l^ä A 06lul6l â6 MLZU172176 OU 0OUâ6UL 2^017 p1âN. 

IUdl7U0l MLI71M62 NU S6 PO2^6 MLZUI72 6l60l7lV, 62 86 6V2lU62?L

UMP11 Nâ O61U12 OU d6N26N (11o1l1â â6 6^2lON2I76), Ä6 P6I7Ml^1vid2l6 
I76l2t^1vL 0UNO80UllL, L7^ - 2.2741 (IN 2Uâ1vtl760V6NlL 1 12

16MP6I721IUI72 2Mdl2NlL ) ^1 ML§UI7l llâ 02P20ll2d62 6l60ll7l0L 2
O

OOUâ6U32l7OI7Ulu1 06lul6l ÎN 206817 022. O2P2Oll72^62 P2I722i1ä
I762U117L â1N tOI7MUl2:

<3.3.2>

02 UI7M2I76, P6U1717U â6l7617MlU21762 1u1 L7^. 1 U 022U1 1,^l, 86
Ull11l2622ä 6XPI76812:

L7 '
17 ke-^>/<Lo-^>

<3.3.3>

1.2 17i uâul 6i, l2UY6Ul72 uri^kiului â6 P16I7â6I7i âi6l6Oî7I7iO6 lolâle 
iu 022U1 1.^ 86 6V21U622L ou 1v!7mui2:
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dg s - (rg S)^c/<c!-c:^>

- L(^^-1)c:osp/(c!lL^-i)^e^-c!o-^) l , (3.3.4)

unäs (1:c, -S)^ - Los»-/! sinp) rsprsrln^L vslosrss mLsursdä s soss^s^ 

t:sngsr>1:s pentru x>rods âs I.I4, oonkorm äskinit^isl (3.2.4).
In 0L2Ul bN oonsiäerate, este âe așteptat oa ?i tg<5 SL 

obt in^ valori mari la limita freoventfSlor ijoase, astfel 0L nu LS 
pot utiliza pungile âe e. a. olasioe, âe tip Lobering sau ou 

transformator, oonâitia tg6 > 1 nepermitlnâ eobilidrarea aoestor 

punți. Oe asemenea, nioi metoâa âe măsurare a Iui si tg6 pr-in 

evaluarea aotlunilor ponäeromotoare exeroitate asupra bN I n ol mp 
eleotrio armonio nu poate Ii aplioatL, Intruolt preoi^ia ei soaâe 

inaooeptabil pentru valori mari ale Iui L7^. lLI). da urmare, 
âeterminarea experimental^. a parametrilor si tg6

oaraoteristioi bN se poate efeotua numai prin metoâa măsurării 

oapaoitatii oonâensatoarelor ou pierâe.ri âieleotrioe mari, 

folosinâ, ln aoest soop, lie punți âe o.a. speoiale, aâaptate 

aoestei oerinte metroloyioe, tis impeâantmetre/aâmitantmetre âe 
auâiolreoventL.

Autorul a utilizat impeâantmetrultranzistorizat tip 11-3152 

(Ungaria), avinâ oa elemente âe da^ä: un osoilator âe

auâioireoventL lnoorporat 6, ou 12 Ireovente tixe âe luoru 

Dintre 25tt2 ^?i 100KN2 >, un resistor variabil etalon k ou 
oomutatoare âeoaâioe In pla^a âe măsurare lO-r-i. 1^, un oomutator 
X ou trei politii oorespun^Atoare evaluării ( i ) moâulului !2! 
^>i ( ii -argumentului ale impeâantei oomplexe a oelulei âe 

măsurat preoum ^i a ( iii ) rezistentei âe oomparatie a 
re^istorului etalon ^i, In sUr^it, un transformator âiteren^ial 

1 ou primarul soinâat In âou^ semibodina^e m, n ^i seounâarul 

Inseriat ou un miliampermetru âe mäsurars in (fig.3.3.1).
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?ig.3.3.1. Sobema eleotrioä äs prinoipi" 3 impeâ3ntmetrului âe 

3uâiotreoventL tip l"r-3152.
^ig.3.3.2. Struotur3 oelulei âs mâsur3re In 3uäiotreovent.Ä z 

p3r3metrilor eteotivi ^i tg6 3i

S-s ree1i23t o oelulä äs măsurare in 3uäiokreov6ntä. ou: 

ermäturile âe oonâensetor I, plane, paralele, (30mm x 30mm x 6mm) 
äin oupru eleotrolitio, 3vi nâ suprataxa 30tivL ultr3tin po1i23tä 

?i eooperitL eu peliouls. âe argint 2, prin âepunere oo1oiä3l3 in 

viâ, vasul âin tetlon 3, prevä-ut ou 03p3oul Lilet3t 7 ^i ou 

eorenul oilinârio âe aluminiu 4, täiät in lungul unei generatoare 

( pentru a 

nu oonstitui o spira in sourtoirouit ) ^i legat la pamint, 

șuruburile 5 ^i âistan^oarele 6, preoum ^i sistemul reglabil 6, 

pentru asigurarea separării unitorme a armaturilor 
oonâensetorului (Lig.3.3.2). kaoorâarea eleotrioâ a oslulei la 

bornele âe măsurare ale impeâantmetrului s-a realizat prin 
oablurile eoranate 9, âe lungime reâusâ. s-a etalonat oelula âe 

măsurare ou benzen, evaluinâu-se oapaoitatea ei para^itâ 
O^oonLorm relației (3.3.2). S-a aâoptat următoarea tebnologie âe 
our^tii76 a oelulei âe măsurare âupL tieoare utilitare:

-âemontarea oompletL L oelulei âe măsurare,-

-ourL^irea ou benzen a tuturor pieselor oomponente ale oelulei 
-ol^tirea ou aoetonâ p.a. si, apoi, ou apL äistilat^,- 

-tierberea timp âe 30 min. intr-o soluție âe 5^ tostat trisoâlc 
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In Lp5 äisdilLdL-

-sp^Iaree Lbunäendä c^u Lpä ourendä oelä^, urinei âe olädires ou 

epä äisdiladä oalââ,-

-âups. souryereL exoesului âe Lps., usosreä pieselor oelulei âe 
măsurare indr-o eduvL ouradä dimp âe 1-;-2 ore le 100° L,-

-monderee oelulei ^i päsbrarea el indr-un exsioador eu 
silioLyel pine le indrebuiniarea ei eleodivL.

S-eu âederminLd experimental parametrii L7^. si tyS pentru 

probele I, II, si iv âe bX äin tabelul 2.2.1, preoum ^i speotrele 
bert^iene ^^.(t) si tcs6(t) In auäiotreoven^a. ?entru evaluares 

preois^ a mL^imilor ^i tgä s-au utilizat relațiile (3.3.3), 
respeotiv (3.3.4).

In tabelul 3.3.1 si nt prezentate valorile äeterminate 

experimental eie parametrului L:^. pentru oele lirei probe âe btt, 

în âomeniul âe ireoven^e 0.5->100Xtt2 ^i la temperatura ambiantă.

ladelul 3.3.1

?rodâ âe lâ

10XN2 25!cNL 50KN? 100XN2bN 0.SkttL 1^»2 5

I 5.32 4.96 4.78 4.66 4.40 4.27 4.12

II 4.34 3.89 3.74 3.65 3.32 3.19 .3.08

IV 3.52 2.99 2.79 2.70 2.57 2.52 2.45

In liy. 3.3.3 sind reââbe eompârabiv speeirele berlLiene (I) 
odiinule âe sudor pendru probele II si IV âe respeodiv lurni^Lde 

âe luorareL lv1^! pendru âouL probe âin aoeeLsi olLs^ âe btt, ou 

-0.05 si 0.1. 
P »

â ?5î0S^ IV
-4 z ----- VO?äl^v1^ -

z "fp^o.os 5

ly f / I-!^ /

riy.3.3.3. OepenâendL âe kreovendâ L permidividâdii relâdive 

resle eieodive L
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Se odservä tunc^ia ^(5) esde monodon äescresc^doare in dot 

âomeniul âe auâioirecvendL, inâikerend âe concendradia volumic^ g 

particulelor âe maynetitä suspenâate âin dN, âar valorile acestei 

tunctii si nt cu ati t mai reâuse, cu cit dtt este mei âiluat, ceea ce 
corespunâe calitativ cu expresiile teoretice odtinute pentru 

In parayratul 3.1.
I.L frecvente toarte ^oase, este âe așteptat ce sä 

2 3 -odtinä valori âeosedit âe mari ( âe orâinul 10 ^16 ), In 
conâitiile in care se manitestL ^i tenomenul âe polarizare la 

electroni.
^iy. 3.3.4 reââ in coorâonate loyaritmice spectrele dert^iene 

tg^(t) pentru aceleași lirei prode âe ddl , I, II, si IV, âin tadelul 

2.2.1. Se constată prezenta la toate cele drei prode âe dkl a unor^ 

valori toarte mari ale t^â ls trecven^e ijoase, cu un maxim dine' 
conturat intre 100 si 250 «2. vepenâenta acestui maxim ât
concentrația volumicä L ta^ei suspenâate âin ddl repre^int^ o 

tunctie, ldy<5)^â^ , eu o leye âe variație asemLnä^oare celei s
conäucdividädü elecdrice eiecdive a dN, , âin iiy. 2.2.1, ceea
ce esde in ecorâ cu preâominan^a la trecven^e ^joase a

I ' ' '
l y ty F

-1

2 3^»^
->---------- '------------------------- I

l<z f/i-Ir/

!--------- '------------ '---------------------- 
ly t<z cs

o o z » » o

S
S 

S
'0 o I-K0S» L d 

. PWSL sv i "" r

t/

^14.3.3.4. Oepsnâsn^â âs ki-scven<,â s tsngsndsi unykâului âe plerâerl 

âislserric-s Lorsls în csrul l-tt.
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termenului al tangentei ungbiului de pierderi dielectrice prin

conduct., ie, ln expresia <3.2.1) a tgd.

Se evident, iara, de asemenea, diminuarea pronunțatL L tgö pentru 

irecven^e crescătoare din gama 0.25-r-100^ttr, Ia toate probele de btt, 

precum ?i situarea valorilor tg<5 ln carul probei II deasupra celor 
corespunrLtoare probei mai diluate IV, In întregul domeniu de 

krecven'.e investigat.

?entru o mai prokundâ interpretare calitativa a datelor 

experimentale anterioare, ele au kost puse ln corespondent^ cu 

iunctiâ Oole-Oole l81, ttl, 13),

(I) - (t)-lL" (k) - - L7' ) / l 1-«-(12^r^r )-r r r rov r0 rw

0^a<1, (3.3.1)

de descriere empirici e relaxa^iei dielectrics ln carul H In 
expresia (3.3.1), r'sprerintL valorile - limita ale

permitivitL^ü relative reale etective ale btt extrapolate, din 
măsurători, la irecven^L nula, respectiv infinita, definește

timpul macroscopic mediu de relaxatis dielectrica, iar a este o 

constantă poritivä subunitarä oe caracterireara distribuția Oole-Oole 

a timpilor de relaxatis ln Hurul valorii In planul complex

<^,^'), tunctia Lole-ciole (3.3.1) reprerintä un arc de cerc, 

avl nd centrul sub axa absciselor la distanta (1/2) (2^/2 )

?i intersectând această ex^ ln punctele (^^ * 0), (^^ , 0) sub 
ungbiul !a^/2l.

k'unctis Oole-Oole asociatâ permite ^i calculul valorii maxime a 
tangentei ungbiului de pierderi prin relaxabis dielectricä tg<5^, din 

condis ia

â(tg^^)/di - d(L7^' / L7^)/ât - 0, rerultlnd:

<Z.Z.2)

Is krscvsn«,s
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<1/2^), "-° / (3.3.3,

vin âsdsls sxpsnimsndsls x>rs2sndsds în kig.2.2.1 si 3.3.2 ^i in 

^sdslul 3.3.1, s-sn âsdsnminsd, msl Indii, cn sondorul rslsiisi 

(3.2.1), vsioriis mânimii

(k) - -^(L)dgâ^(k) - -^(L)dgS(c)-1.797S-10^0c,/x. (3.3.4,

In ipoteca inâepenâentei âe trecvent.2. L conâuctivitLtii electrice 

elective c^' (^) -<73 1,^. S-a obținut, apoi, âiagrama ^Ole-eole

(^^.) pentru liecare probL âe b^l, printr-un algoritm âe selectare 

âin cele cercuri trasadile prin p puncte experimentale ) 3
p 17 i?

cercului cu abaterea stanâarâ minime latL âe toate cele p puncte 

lk3). vupL âeterminarea acestei âiagrame, s-au calculat parametrii 

Oole-Lole âe relaxabis âielectricL a si valorile acestorâ

liinâ prezentate ln tabelul 3.3.2 pentru prodele II si IV âe 1^. 

Lviâenî^, prci^ia âe^erminarii âiayramei ^i parametrilor eole-Lole 

âepinâe âe mâr-imea âomeniului âe trecven^e investigat ln caârul 
stuâiului experimental al 1.^.

Se constat^ âin analiza tabelului 3.3.2 cä âiagramele 

Oole-ciole asociate âatelor experimentale corespunzătoare probelor 

II si iv âe btt slnt cvasisemicirculare, lntucît pentru parametrul 

a au rezultat valori toarte reâuse. Aceasta lnseamna câ probele 
âe btl eviâentia^L ln auâiotrecventL O relaxatis âielectricâ âe 

tip vebve cu un singur timp caracteristic. Nai mult, aceasta 

relaxa^ie âielectricL Oebve este preâominant âe tip intertacial, 

pentru cs. numai asttel se poate Hustitica maximul marcat al tg^ 
la trecvente ^joase.
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tabelul 3.3.2

?roba

âs I.»
rw cr

II 2.19x10 3.07 0.02 0.03

IV Z.SSxio^ 1.75 0.03 0.04

labelul 3.3.3

?roba ty<5^ lâ
/»L/âe btl ioo »2 250 N 2

II 9.14 9.19 9.37 166

IV I0.0S 10.12 10.56 190.3

a) valori oaloulate âin măsurătorile 
tyS ^i relația (3.2.1) ;

d) valori oaloulate âin relațiile ^ole-Oole 

(3.3.2), (3.3.3) si tabelul 3.3.2.

pentru aoelsa^i âouă probe âe bN, In tabelul 3.3.3. si nt 
comparare valorile tgâ^ obținute (a) âireot âin âatele 

experimentale, respeotiv (b) prin preluorarea âiayramelor 
Oole-Oole asooiate aoestor âate. Se observa o buna oonooräan^a s 

estimatilor (a) si (b) pentru (tyâ^)^^ t^..
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Iri pre^en^a simultans a cimpurilor uniforme, electric ^1 

magnetic, eviden^ia^L , es ^i cristalele lichide, 
măsurabile, adicä. dependente ale parametrilor 

âtelectrici Sieotivi (permitivitatea, tangenta unghiului de 
pierderi dialectrice totale, rigiditatea dieleotrioa) ai l»U de 

vectorul intensității cimpului maZne-tic.
Orice e5ect magnetodielectric In HN pre^intL sub aspect 

direcțional, doua caruri-limitL remarcabile, ln care 

vectorii-cimp electric ?i magnetic sint omoparaleli ss/s<-L 
mQs^sLodrs^SL7 pQ^crLsL), respectiv ortogonali (s/bc L

MQS^SLOLÄ^SLS<7) . ULual, mäpimile etectelor 

magnetodielectrice paralel ?i perpendicular nu slnt egale, 
ditsrentfL lor constituind L r^sLsc7L^r.<7Q
specitics

Următoarele mecanisme orientL^ionale constituie 

explicatii alternative ale etectelor magnetodielectrice l n btl : 
-orientarea individuala a particulelor coloidale de

Magnetits ou ani^otropie de torms-
-orientarea perechilor sau lanțurilor lungi de particulă 

coloidale de Magnetits, avi nd torma sterics ^i atlate in regim âb 
interacțiune electromagnetics slads.

?rimul dintre aceste mecanisme orientationale a tost studlsr 
teoretic de mai multi autori. ^sttel,ln lucrarea a tos<

dezvoltat un model teoretic orientational al etectulîj 

magnetodielectric corespun^Ltor permitivit^tii statice a hdl, in csr^ 

particulele coloidale de Magnetits, au tost considerate conductoarei 
identice ca msx-ime ^i de torma unor steroi^i alungiți. Oimpuâ 

electric activ, atit pentru particulele coloidale, cit ?i pentr« 
moleculele mediului de suspensie, s-a admis de tip horentr. kcesî! 

model teoretic a tost extins, in lucrâr-ile I^O1, O2 I, la particulei 

coloidale dielectrice, adopțindu-se, insa, ipote^a cimpulu^ 

dielectric activ de tip horent? numai relativ la particulele! 

suspendate din in modelele anterioare, s-a presupus un cuplaj 
pertect (rigid) intre momentul magnetic permanent al particulei 
coloidale ani^ometrice ^i axa ei de ușoara magneti^are 
(coincidenta cu axa mare de simetrie), ceea ce corespunde unei 
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energii âe anisotrOpie magnetica inlinita L particulei.

Un moâel teoretic ameliorat al aceluiași mecanism 

orientat ional a tost propus In lucrurile l03, d4 (âar larâ a se 
electua integral âe^voltarile analitice necesare ) , luî nâu-se In 
consiâerare (i) orientarea relativa arbitrara a vectorilor-cîmp 

electric ^i magnetic, (ii) valoarea Linita 3 energiei âe 

ani^otropie magnetica 3 particulei coloiâale ^i (iii) âistributia 

âimensionalZ 3 particulelor. In acest moâel s-a neglijat, însă, 

âikerenta âintre câmpul electric macroscopic ^i cel activ.

delelalte mecanisme orientatfionale ale efectelor 

magnetoâielectrice in au kost invocate în lucrurile l07, (18, d9, 
O1, irI ) pentru explicarea rezultatelor experimentale, iar, âe 
curînâ, a lost simulat numeric moâelul orientational al perechii âe 
particule coloiâale sferice, printr-o tebnica ttonte Oarlo 

biâimensionala

Autorul prezentei te^e âe âoctorat a întreprins în lucrarea 

pentru prima âatL, un stuâiu analitic complet al efectului 

magnetoâielectric corespunzător permitivitatü statice efective a 

ba^at pe moâelul orientational atît al particulei coloiâale 

ani^ometrice, cî t ^i al âubletului âe particule sferice 
în interacțiune electromagnetica slaba.

4.1. 5>tuâiul ts^rstic al sisctului magres toâislsc trie

eors^pr.lN2âtvr psrmitivitâtii ^tstres sLsetivs

2 liebîâslor insgr^sties

Intr-un licbiâ magnetic continînâ particule coloiâale âe 
magnetitâ ou ani^otropie âe Lormâ ( respectiv, perechi sau 

landuri lungi âe particule coloiâale sferice ) ^i aLlat sud 
acțiunea simultana 3 cîmpurilor, electric ?i magnetic, statice si 
uniforme, apare un ekect magnetoâielectric corespunzător 

permitivitatii statice elective a licbiâului magnetic, explicabil 
prin următorul MQSN.6» Loor îs^LQL âs POî.Qrî^QrS» : Oâata

cu alinierea în cîmp magnetic a momentelor magnetice permanente 
ale particulelor coloiâale ani^ometrice ( respectiv, ale 

particulelor coloiâale sLerice grupate în perecbi sau lanțuri 
lungi ), se orientează '-^i particulele coloiâale însesi 

(respectiv, perechile sau lanțurile lungi ale acestora ), âeci ?i 
momentele electrice âipolare inâuse în ele âe cîmpul electric.
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1 i m dVl OI" IN2<0I^^diOS ou I^21"diou1s OOloid<l1b 

sui^omsdr-ios

36 0ONSiâ6I72. 02. P3rdioul6l6 OOloiâ3l6 d6 IN3HN6did2 âiN 
liodiâul M3YN6diO sind âi6i60dri06 Li 3U dormL Ld6roiâ3l2.. L16 

Linii N6inoâro3d6 6l60dri0 ^i kärL 3OL 3d3S3d, tiinâ 03r30d6ri23d6 
pr-in mom6Ndu1 6l6odrio âipoi3r indus d3d do (1.4.46) Li prin 
MOM6Ndu1 M3^n6dio P6rM3N6Nd îii^ ( ou , M3YN6di23t-i3 d6

S3dur3ifi6 3 M3d6ri3lului M3siv ( M3yn6dids. ) din O3r6 provin 
P3rdioul6l6 ooloid3l6 ), in pro26nts3 simuId3N2. 3 oimpuriior, 

6l60dri0 Li M3yn6dio, Ld3di06 Li unidorm6.

36 3dmid6 L2 P3rdioulol6 ooloid3l6 POL6dâ 3ni2odropi6 
M3YN6diO2 uniâxiâlL, d6 ordinul indii. 03 urm3r6, dir60ii3 3X6i 

â6 ULO3râ M3YN6di23r6 3 P3rdioul6i sd6i?oiâ3l6 ooinoiâ6 c:u 3X3 6i 

M3I76 â6 Sim6dr-i6 t iiy. 4.1.1). Ouplâ^ul i ndi?6 MOM6NduI mâ^N6dio 

P6I7M3N6Nd 31 P3I7dieul6i 0Oloiâ3l6 ?i 3X3 6i â6 ULO3I73 M3^N6di23I76 
86 0ON8iâ6I?2, In ^6N6I73l, iMP6I7L6Od, 3âioâ 6N6I?^i3 â6 3Ni2Odl7Ox>i6 
M3YN6diO2 UNi3Xi3lL L P3rdioul6i 6Ld6 â6 V3IO3I76 dinidL,

»âM X V S1N^, <4.1.1. >
3 p

unâ6 kz I?6x'r-62ind2 eonsd3nd3 3ni2Odi7Opi6i M3yN6di06 uni3xi3l6 â6 

ordinul indii, i3r 6Ld6 unyiiiul O3r603r6 âindi?6 âir6ot-iil6 
V6odorului in^ ^-i V6rsorului 63 al 3X6i M3ri 3 P3rdioul6i 

(Liy.4.1.1 ). Voodorii si si oimpurilor 30div6, 6l6odrio ^i

M3yN6dio, in xr626nd3 oLror-3 L6 3LIL x>3rdioul3 ooIoiâ3lL, iâo 
indr-6 6i unykiul 03r603r6 s. 3âopdL oo1ini3r ou 3x3 2' 3

unui LiLd6M 1OO31 â6 ooorâon3d6 O3rd62i6N6 ( x',^/',2' ) Li S6

nod6322 ou o ^i unyliiurii6 S3l6 ou 6 , r6sx»60div m . 3 p
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^iy.4.1.1. ker^ioule c:ol()iâe1^ eni^oms^rioä. ( sisroiäelä ) 

1m.ei?s3^ä In msâiul lickiä äs suspensis ^i ekle^L

în pre^snie simul^enâ â eî Mpur?i1oi? active slse^r-ic: 

si me^ns^ie- 

?r?0isc:i iile ps plenul x^Ov" Lls lui s^ si m^ iec: ou axe Ox* 
unykiur?ils p, r-sspso^iv r (iiy.4.1.1).

Lnsi?yie polsnt.. iele io^elä s per^^ieulei oolOiâels meyns^ies 
ss^s âe^â âs sume:

p p ? ?
<4.1.2)

unâs
- -/u » V^N^os^

? o x> p O p,s p p (4.1.3)

rspi?62in1^ snsr-yie poisniielâ în eî mp meyne^ic:, unâs 68^6

âsiiniiZ în (4.1.1) ^i unâs snsi7yiâ poieni iele în c:î mp sleo^^ie
âstie âs (1.4.50), ss neyliijeeLä, In ^On^inuers, FeiL âs
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UIM2I6, 
p

V/ „ V tt^OS^ -»- x_v sin?^. (4.1.4)
p ? p o p,s x p 2P

In ipO^e^ele an^er'ioai'e, memendui elee^rie âipOlai? indus âi?e, 

iei^mal, aeela^i meâul(1.4.51), âai? eräenai^ea pai'^ieuleler? eeleiâale 

anlLome^iiee nemaiiiinâ elee^rOOiienia^ienalä, cri p^edeminanl: 
ma^ne^eeiienia^ienalL, meâia LdalrisIrieL <eos?^> âin <1.4.51) ^leduie 

InIeeuilrL pr-in

»77 »77 ^2^ 7*2^ -

<ees^>^-ljoL^n^ OOS ^exp l-^/^l))

^-77 â7i /»2^ f^2^r
x^o sin c^ )o sin â'^ 6XP (-^/^)).

<4.1.5)

Oaeä In r-ela^ia pr-SLeâen^ <4.1.5 ) se in^roâue m^r-imile 

aâimensienale u -^o^x» Li -X^^/^l, ^e tace
se^imdar-ea âe vai-iadilL r (t1y. 4.1.1) se iris
L6LM3 âs r6l3tsiL UNyKiul3I7L

OOS^ - LOS OOS 6 -1- sin sin s eos (4.1.6)

3liunc:i se Obține, ânpL in^s^^L^ea In râpOi?^ eu :

2 2 5" 5", 5^^
<eO§ -<1/2)<3 evs^S - 1)l>o sin o c:Os^l"â< eosl")

2 C" s'^
x exp<u eos^ - v sin o^in ) o ^in â exp

< u eos^ - v sin? ^)1 -«-<1/2) sin?S. <4.1.7)

Lkseliulnâ O nouL sekimbârs âs vâi-iadile <^,^ ) <v^,G), unâs s
I76pi7e2in1iä unykiu! âin^rs pi7Oi6e^ iile vee^orilOi? 6^ pe un plan

or^OyONLl la m^,^i t.,inlnâ seama âe relația un^kiuiar-L .-

eosl^ -ees eos * sin eos S sLn^, <4.1.6)

reruI^L âin <4.1.7), âupâ in^egr-area In i?ap0i?1i eu G :

2 2<eos -<1/2)<3 ees^ S - i) i»' (v) <1 - i'<u))

x<1- I" (v))/2) -»-(1/2) sin?S (4.1.9)
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I' <u>-llo^os^l-sxp(uc:os^)â<c:osi-) l^o^^pkuc--si-)â(cos s'

-1-2 I-<u)/u, <4.1.10)

unâe I,(^) - o^k u - I/u es^e iunodia Iui Langevin ^i 

I" (v) - c:os^ V/ exp(- v sin^ v/ ) â( oos )) 

xl^O 6XP(- V sin^ V/ ) â( oos ))-1

1/3 > (4/45) v, pentru v << 1

I, pentru v ->oo , (4.1.11)

oonkorm âe^voli^rilor asimp^o^ioe âin (1.3.59), respeo^iv âin (01 
06) .

Ou (4.1.10) si (4.1.11) in (4.1.9), se odiine:
1/3-(2/15) (I.(u)/u)vl3oos^S-i) , pentru v << 1

<oos^>^(6)- /

I(u)/u -»- (l-^lul/uloos^s , pentru V -- co .

(4.1.12)
Expresiile ^eore^ioe (1.4.56)-(1.4.58) ale permisivitul ii 

eteoiive a l n olmp eleoiros^aiiio uniiorm se iranspun Normal ?i 

la 3il3d in x^e^en^L simuI^Lnä 2 olmpur-iloi- 6lec:^i?io ?i 

MLyneiio, LliLiioe ^i uniioi?m6, ou singura sudslii^uiie:

^^(b)-^(^,, -^)<oos^>^(S),

unâe ^i au âeiinit.iile (1.4.26) ^i (1.4.47) , iar
->

<oos ?>^(S) 68^6 âai âe (4.1.12).OaoL ln relațiile asiial

odt-inu^e,se oonsiâar^ oa^urile par^ioulare b-0 si S-7i/2, rs2uldâ 
expresii âe oaloul peniru permi^ivi^a^ea s^a^ioâ eteo^ivâ a 1,^, 

ln oonâi^iils eieo^ului magneliOâieleo'drio paralel, respeo^iv 
perpenâioular. ve exemplu, /or-m.^r.Q <Âs L r^p Scr^LsT-r,

valabil^ peniru ^5 L, se sorie, prin analogie ou (1.4.56):
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(4.1.13)

(4.1.14)

1,2 limi^s elmpurilor' msgnsdic:s s1sds(u<<1):

? 2(/? -<-2^ )/3-^(2/15)^(u^/45-1/3)v(3eos"i9-l) ,
PU p-^ p

P6N^I7U V<<1

<V»<b))^

2 2(/? -»-2^ )/3-»-(u /45) <3cos s-1) ,psnLru v ->M ,
. PIl p-^

unä6 S-L 1 s-â L63M3 äs (4.1.12) L1 âe
176x1762 6711121763 3L1Mp1lOiie^ 3 kunetfi6i lui v3N^6Vin, I«(u)
u/3-u"/45. 

Vin (4.1.13 ) - k 4.1.15 ) S6 â6âue6 im6âi3li:

" (4/45)L7^^^(u^/15-1)v,p6Nlii7U v<<1

2
(2/4 5)L7^^^U ,P6N1II7U v-»w ) (4.1.16)

unä6 (^-0 ) Li
li tt , --<»-0),

-l»-°>-^l1^<^,^2^)/3).

K6l3ts i3 3Nll6I7ic)317L (4.1.16) 3I73llä OL lä 1imi1l3 ei MPUI7ÜOI7 M3csN6Üe6 

Sl3d6 2i P6N11I7U 3Md6l6 V3IO17Î 6XllI76M6 (v<<1, 176LP6e1:iV V--> w) 3le

6N6I7yi6i ä6 3Ni2OllI7Opi6 M3YN6llic:ä 3 P317Üeul6i Li6I7Oiä3l6
LULP6Nä3i6, V3I7i3t-i3 psumiliividL^ ii s1l3llie6 6L6e1liV6 3
â6li6i7miri3dâ. â6 un ei mp M3yn6liie P3173I6I eu e6l 6l6e1ii7ie 3p1ie3li ssLs

ÄS eo^L^cr^ i3l-L âs â6 V3I7i3tfi3 3esl6i3Li mâi7imi

â6^6i7min3liL â6 un ei mp M3yn6die O171IOYON3I e6lui 6l6etii7ie.
?6 â6 3l1lL P317116,3Ni2Oll170xi3 M3YN6llOc1i6l6el7I7ieL 176l3lliVâ 1â

P6!7miiivi1i3l:63 sl!3liieä 6i6e1iivL 2 vn 6Lli6, eentoi7M
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(4.1.12)-( 4.1.14):

/" - ( 2 / 5 )lu) /u, pentr-u v< < 1

L7^— L7^ - / 
tt tt

<4.1.17, 
Le âepinâe, L^aâei?, <1, âe oonoentrats ia volumiOÄ L t22ei äisper?L6 

âin I^N, <11, âe eniLotropia a ooeLioientului âe pola^iLedilitete 

äixolei?^ statio^ L xer-tioulelor- ooloiâele eni^ometr-ioe, ier, le 

limite oi mpui?i1or- megnetioe slabe (u<<1), (iii) âe pLtr-atul 
intensității oimxului magnetio aotiv.

4.1.2. Csnul liobiâslor- msyns^ics ou âublsts 

cîs pLi^tiouls ooloiâsls ^tsi-ios

Se oonsiâer?^ pereobea âe par?tiou1e ooloiâals sterioe, âe r-a^a ir,
ailate In intenaoiiune eleotr-omagnetios. sladä âator-it^ momentelor?

lor? eleotnioe âipolane inâuse r-espeotiv momentelor- lor?^P2'

mâynetioe per?m2nente m^^ (^^-9- 4.1.2 ). Veotonii si 
intensităților- olmxur-ilor- eotive, eleotrio ^i magnetio, stetioe 

^i unilor-me, se eâmit omopL^aleli. I^inia oentrelor? oelor- âoue 

siene nepr?e2ent1 nâ pei?tion1el6 ooloiâele âin 02âi?n1 xer?eo1iii este

âe lungime Leoe ou âir-eo^ia oomunZ. L

V6otor7ilon-oimp Zâ, «â, ungliiul

?entr?u simplitioar-ee oeloulelor-, se eâopt^, In oontinuâne, 

ipote^L ooplâner-it^tii liniei oentr?elor? oelor? âoue xertioule sker-ioe 

âin âudlsi ?i s vectorilor . Lorespun^Ltor

eoestui moâel teonetio diâimensionel, se notee^L ou ^i 

ungkiunile âintr-e momentele megnetioe per-menente r-espeotiv m^,

^i âir-eotis oomunL 3 veotor-ilor- §i 4.1.2 ).
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riy. 4.1.2. Dudlet âs particule coloiâale sLerice imersate in meâiu 

lict^iâ âe suspensie ^i aLlate in pre2ent3 simultan^ a cimpurilv) 

active electric ^i magnetic.

Se consiâer^ energia potens ialä. 3 âudletului âe particula 

coloiâale sferice :

- i»bâ <4.1.18)
? p p k> p p 

eâunâe energia âe interacțiune electric^ âipolarL 3 particulelor 

âin caârul pereckii se negli^jea^a, in continuare, in raport cu 

energia âe interacțiune magnetic^ äipolarä,

"pâ - - ( m^/1^) l 2 cos (?- cos < -^^^Lin <- -^)

xLINi?' -^2> <4.1.19 )

si unâs

" -^0 ^x>l'^p '"xZ'^p > " -^0 ">!> ^1 oos

" ^0 "k>,s LOS <4.1.20 )

reprerintâ energia potențiala in ci mp magnetic a perechii âe 

particule sLerice. Oa urmare, meâia statistic^ 13 eckilidru termic 

<1.3.59) a parametrului âe orâonare orienta^ional^ 3 p3rticulelor 
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eolsiâsls grupeis persedi se serie in es2ul âs ksiâ, si unei

LOO^^S^LQL ^O7-Lcrr.s /vLcrn.s :

ceas?, >n--l^o"'^s^<Zr^o"â^§o"â^2SXP<-"p/k8l') ,

(4.1.21,

OU eueryiL pOlieu^iLlL âekiuiiiL IU (4.1.18)-(4.1.20) si

exprimiuâ eueryia âe Lyi^a^ie î^ermioL a psr^ioulelvr oolOiâale âiu 
lu^roâuoluâ mărimile sâimeusiouele u-^o^p s^p^p^^V^ n-m^/I^K^

-(ir/I)^^ ^<4^/3X^1') si LFoiuâ ipo^sLL unui reyim âs iu^erLot.iuui 

eleo^romLyuedioe slade Lle par^ioulelor ooloiâLle skerioe, ^âio^,

1 «1, se âeâuoe: p ir

expk-^/X^^) expluloOS^^-t-oos^^)

(4.1.22 )

unde s-L sesma âe reiLtsiile (4.1.18 )-(4.1.20 ) ^i s-L iimit^L^
âe^vo11iLi?eL Iu ser-ie l'avioi? a exx(-^â/^ w) ^er-meuul âe orâiuu!

x îs
âoi. Ou (4.1.22.) ^u (4.1.21.), reLUII^:

<cos^? >^ - (^"oos^'â?- Io"â^2 explukeos^^-i-eos/i^)

x(1^k(^,^,^>'«'<"2/2)k2l^,^,^2> )>

x<^o^<^ Io"â^i Io^â^2 exp( (uteos^^-'-ec.s^^) i

(4.1.23 )

I^UMSI-Sdvr-ul expresiei iu^egrLle (4.1.23 ) se resorie âe?voldâ^:

k>0 (^/2>k-2, (4.1.24 )

BUPT



416

unâe
ko - ^^c-os^-v- §o"2XP<ucos^)â^ ) â^2 ' <4.1.25 >

2
k- -- 2s^"c:os^?-cv' n l^"sxx>(uc:os^^) (cosi-c-os^^-^slivsln^^lâ^^l

1 ^0 i-1

2
<ucos^) <sin^c:os^^-c:os^s1n^^)â^^^<4.1.26)

^2 ^^^Z^^^toos^^-i-c-os^^) )

x< <5/4 >-«-(3/4) leos2<l'-^^)-'-c:os2t^-^2 >

->-<5/4)coL2k^-^^)L0L2<7-/i^)-sin2<^-^^)sin2<^-^2) > -<4.1.27 >

^inînâ seama âe rsprsrsndsrss In^sgrsIL a Lungiși Sessel mOâikiLal 

âe sps^a înili ?i orâinul nero <711,712),
Io<-u)-Io<u)--<^o^^xp<u c:os^)â^)/2'r, <4.1.28)

primul csrmsn iniegral âin (4.1.24) odiins expresia :

'4"^^o<u)^o"c:os^ <D- - ^^lAiu) . <4.1.29)

Ii-) moc^ , psi-^r-ru S.I ciloH S2. ^sr-msri i 2.1 L nil n (I4.1.24D

l4.1.30 

unâe L-L hinnii S6LML âe r-exi?62en^Lr-6L in1ieyi-LlL L tune^iei Lesse 

moâikicL^e âe spei L 1 n^L 1 oi?âinul unu ^2^1,

I^(-u)--I^lu)--t^o^6Xp(u c:os^) eos^ â^/2" . (4.1.31)

In skl r-^IIi, ultimul 1:6i7men In^eyi7Ll âin (4.1.24) Odt-Ine expr-eslâ :

<^^/2)k-2-<^^/2) l577^l2<u)^.Z7i2io<-u)l^<-u)^^i2(-u)/2) 

2 3 2 2 2-i" /2)("-V2)<17 Io<u)-^4I^<u)/u^-16Io<u)I^<u)/u) , <4.1.32) 
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unâs L-L dinud LS3M3 âs reprS26NdLrSL indeyrLlâ L Lungiși Sessel 

moâidioLds âs 8pedL Indii ^i orâinul âoi (^1, ^2^!,

I^-u) - ^^^xplu 003^) 003^ â^I/2" (4.1.33)

^si âs rsl3di3 âs rsoursndL ^1,/v2l

I^(-u) - Io(-u)-»-2I^(-u)/u - Io(u)-2I^(u)/u . (4.1.34)

1.3 rlnâul sân, numidorul sxx>r68isi indsyr3lsi inițiale (4.1.23) 

ss o3louls32Â Indr-un moâ âNâlOy num^r^dorului 3oelei3^i exx»rs8ii 

^i 86 oddins:

S^-^I^u) v» 4 * (V?/2 )^ (111^ < u) 4I^(u)/u^

-4Io<u)I^<u)/uI . (4.1.35)

In d>323 rsl3t, iilor â6âu86 3ndsrior (4.1.24 ), (4.1.29),
(4.1.30.), (4.1.32) Hi (4.1.35), sxprs8iL (4.1.23) rsruldL âs iormâ 

explioid :̂

<cos^>n -- (Iglu) (5/4)v»I^(u) * (1/16 )^q-(u) )

x(2Iolu) ivl^ku) * <1/S)vv^" (u)l'^, (4.1.36)

unâs 8-3U nodâd tunodiils

<z'(u) - 17Io<u) -»- 4I^(u)/u^ - 16Io (u)I^ (u)/u

c," (u) - 11Io(u) 4I^(u)/u^ - 4Io(u)I^(u)/u.

1.3 1imid3 oimpurilor M3ynsdios 8l3ds (u « 1), dinlnâ 863M3 âs 

âs^voldârils 38impdodioe (-^1,^21

(Igiu))^ « 1 1 U^/4' (4.1.37)

(I;(u) )" « 1 --- u/2 * u /16, (4.1.38)
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expresia (4.1.36) âevine:

(<c-c>s^>^)^ « l1 <1/2 * 5 n/16)u^

x<2 -»- <1 V/4)U^^1 - 1/2 lZ v»/32)u^. <4.1.3S>

expresiile (1.3.65)-(1.3.67 ) âe ealeul al permirividLt.ii 

sdadiee eteedive a eu pardieule eolOiâale skeriee asoeiade in 

âudleds se pLsdrea^ä termal ^i Ia l,t4 Loiali in premenda simuldanL 

â eimpuriler, eleedrie ^i magnedie, paralele, sdadiee ^i 

uniforme, ou singura sudsdidudie:

^pe^ ^pe,tt " ^p(e)^ ^p(e),tt ' 

unâe

-1 ?X <3l1-2(k/I)"l^^^/3)1 <cos>>n-1>,

/? , . avinâ âetinidia (1.3.2), respectiv (1.3.35), iar <ees p(e) k
tiinâ âad âe (4.1.36).

Se peade ușor eonsdada, eL permidividadea sdadicL eteedivL e lr ' 

eu pardieule ee1e1âa1e steriee grupade persedi variata eu parras 
in^ensi^Lt. 11 siede (u « 1) a unui ei mp magnedie paralel eu ee' 
elee^rie apliea^.

4.1.3. d2nu1 li^diâsloi- msgrrsllus nu Isuiunl luugi

cis pLN^inuIs nololâsls Ltsl-ins

In pre^en^e simul^LNL e eimpuriler aedive, eleelirie e^ ^1 
magnedie »â, s^L^iee ^1 unikerme, pardieulele eelOiâale s^eriee 

âin po^ torma landuri rigiâe lungi. ?e Ungă ipode^ele 

LimplikieadOare âe lira^are a aees^ui ea2, aâep^a^e in paragraful 
1.3.3 , se mai aâmide e^:

-momentul magne^ie permanent "'pi al OrieLr-si parliieule sterili
1 âin eaârul unui lan^ lung esde aliniad eu axa landului,-
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-orien^3re3 relL^ivL a vso^orilor-oîmp Zä est^e âa^L âe
p p

ungkiul O3reo3re S ( tig. 4.1.3 ),-

-energiile âe in^er30^iune äipol3r2. eleodrio^ si mägne^ioä. Lie

P3r1iioul6lor skerioe âin 03ârul landului lung se negli^eâ?^

In report ou energi3 lor pO^en^iala in oî mp M3gne^io.

^1^.4.1.3. I^âni lung rigiâ âe pâr^ioule oo1oiâ3l6 sierioe 

imers3ie în meâiul liokiâ âe suspensie ?i 3kl3ie în 
Pr-6 2 6N< 2 simulden^ L olmpurilor Loliivs eleolirio ^i M3gne1iio.

-VLupr3 iieo^i-ei p3r^ioule ooloiââle sterioe âin^r-un lanț, 
lung ^i, os urm3re, 3supr3 "întregului lantf se exeroitâ, In 3oest 

032, nu un ouplu âe 6l60trOOrient3r6, oi unul âe 

m3gnetOorient3re, liinxî nâ sL" 3âu<^2. LX3 l3nt^u1ui r-igiâ âe 

p3i?dioule pe âii?60^i3 oîmpului M3gne^io 3o1iiv sms^crn^s^ Qks 

/DO r.<7L7-r^^cri-S' ÄS> L L002^S7^LQL o^QO . dOI'espUN2L^or',

pol3i?i23di1id3^e3 s^3iio^ meâie 3 p3i-^ioul6lor- oo1oiâ3le s^erioe 

3sooi3ie î n l3n^ui?i lungi ^i ooekioien^ul 3âimension3l 31 3oesdei 
pol3i?i23di1i^s.  ̂l eu expresii iâenliioe Lorm3l ou (1.3.70), 

2 respeoiiv (1.3.71), ou singur3 suds^i^utsie neoes3r^: <oos 
<oos^r >^. ?rin 3N3logie ou (4.1.9)-(4.1.10), se pO3^e sorie în 

0 32U1 âe i3t-.'Â:

<OOS - I.(u)/u -«- oos S(1-II,(u)/u) , (4.1.40)

unâe s-3u mentfinuli NO^3t.ii1e

.1 s - (Zâ

BUPT



120

kiinâ veo^oi7u1

LLeriee ââiâoenie i

liniei

3

O6N^I76lOI7 

âin iâNts,

017 ies. 1701? âOUL panicule

V6O17O17 Ovlini3i7 ou âXâ

landului.
?6N^I7U VLlO17il6 ULULle

1 N^I7-UN moâ LNâlog ou osl 

3 si H/1. .rr- 1/2.5, 86 oddins, ^ ( e ) * 3
âs âsâuesrs s rsls^isi <1.5.3) âin

<1.3.71) :

„<S)s- 2.572-»-1.447<c:os^>„<S) , 
x>s,N »

<4.1.41)

âs unâs,ininâ sssms âs <4.1.40):

(S-0)-2.572-^1.447<1-2I-<u)/u) (4.1.42)-
pe, 

(S--7i/2)--2.572-^1.4471-<u)/u. <4.1.43)
P6 , tt

Ou LiUl:OI7Ul 17elLts ÜIOI7 LN^6I7iOLI76 (4.1.42), (4.1.43),
Äs L r^/^ ^sLĂS^-VQT-r. SQ^Ls^ PSN17I7U OONt. inl nâ Ianiui7i lungi âk

par-^ioule oolOiâLle sLer-ioe, se sorie, Pi7in LNLlogie ou (4.1.13), 

(4.1.14):

I .L limita ol mpur-ilor- MLgne^ioe slade (u<<1), âin 

( 4.1.42 ) - ( 4.1.45 ) se âeâuoe imeâiâl::

>u«1 - -2<^tt>u«1 U^/45), <4.1.46)

unâs - L<n-o) ^1 - L<»-0), eu L<tt-o) - ^l1 -»-

x( 2.572-t-l. 447/3 ) ) . NelaiiL (4.1.46) esde âe aoeea^i LOI7ML ou (4.1.16) 
^i Lâmil76 o inl76i7x)i7e^Li7s iâen^ioL.

Oompar-lnâ , ln iinsl, osie 1ii7ei moâele deor-eiioe 

orien^aiionâle âs ^I73i3i76 L eteo^ului M3gnedOâieleodi7io 

OOi76spun2LiiOr- x>6i7miiivil7Liii LiL^ioe eteo^ive L I.tl, S6 OONL^LIIÄ 

OL, la limi^L olmpur-ilor- magne^ioe slLde, i762ul1iL^6l6 odiinuie 
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sini: similare. koeasta âoveâe^te oä toate cele trei meoanisme 

magnetoorientationale âe polarizare, Li partioulei ooloiâale 

ani^ometrioe, al pereobii ^i al landului lung âe partioule 
sferioe, pot fi oooperante.

4. 2. î.rl SXPSI-1 msritsl Li slsc:tslor- MLgnstc)c1isIsc:tr-ic:s

i ri llobiâsls MLgrrstins

4. 2. 1. Llsot^l MLgnstoâislsoti-io oor-s^puinLLtoi- psr-mlti vitâtii 

i-sLis slbotivs tLngsntsi ungbiuloi âs pisr-âs^i 

âi sIsc^tr-iciS totLls

?entru stuâiul experimental al efeotului magnetoâieleotrio 

oorespun^^tor parametrilor efeotivi si tg6 Li I.N, s-au 

utilizat metoâa ?i instala^ia âe măsurare âesorise in paragraful 

3.3. In plus, oelula ou oonâensatorul plan âe măsurare a fost 
plasată intre polii unui eleotromagnet ou mie2 âe fier, âe tip 

Neiss, ou piese polare oilinârioe, pentru generarea in 

intrefierul sau a unui oi mp magnetio staționar ^i uniform lâe 

inâuotie regladil^ intre 0 ?i 0.1 1). ?o2itiL oelulei âe măsurare 

in intrefierul eleotromagnetului Neiss a fost astfel aleasa inoit 

âireotiile oimpului eleotrio armonio âintre pl^oile 

oonâensatorului âe măsurare ^i oimpul magnetio âintre polii 

eleotromagnetului s^ fie paralele.
L-au âetermimat experimental variațiile ou freovent^ ele 

parametrilor ^i tgâ, pentru proda I âe puninâu-se in 
eviâentâ. efeotele magnetoâieleotrioe paralele oorespun^ätoare 

lor. Rezultatele experimentale si nt prezentate in tabelele 4.2.1 

?i 4.2.2.
^nali^inâ tabelul 4.2.1, se oonstatL eL âepenâentfele âe 

freoven^a oimpului eleotrio armonio aplioat ale parametrilor 
magnetoâieleotrioi ?i î:g<5^ si nt similare ou oele ale

parametrilor âieleotrioi si tgS, in absenta oimpului magnetio.
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tabelul 4.2.1

0.5 1
k (tâ) 
5 10 25

^r lâ tt-0 5.Z2 4.98 4.78 4.66 4.4

Ia »80 k^/m 5.52 5.11 4.86 4.71 4.4'

tß 8 Ia tt-0 11.2 5.97 2.51 0.69 0.1-

lâ tt - 80 Ic^/m 10.82 5.76 2.45 0.68 0.1

tabelul 4.2.2

(Ic-^/m)
0 8 48 80

4.98

(Ia 1 l^ttr)

5.02 5.07 5.1

t§8^ 5.97 

(Ia I Icttr)
5.9 5.81 5.7

vin iadelul 4.2.2 re^uliL oL pentru valori ale iniensiiLiii 
cimpulni magneți? uniform cuprinse in âomeniul 0-^60/kk - m^/, pr-oda 

I âe eviäeniia^ä. un eieci mayneioâieleciric paralel m^suradil, ' 

âe mărime po^iiivâ, in ca^ul permiiiviiä^ü relative reale 

e^eciive , respectiv âe mârime negaiivâ, in ca^ul ianyeniei 

unghiului âe pierâeri âielecirice ioiale igS^ . ?eniru explicarea 
caliiaiivä. 2 acestui eteci pol: ii invocare mecanismele 

mayneioorieniaiionale âescrise ieoreiic in parayraiul 4.1.

4. 2. 2. Lisdir.il mLgnsioâislssir-id ssi-s^pun^^ior- r-i^icii iâii 1 

âi sl ssir^i cs sissiivs

âr.s r.sd Lr.dä s/sdL^-^ä L
sir

conveniionalä, repre^enünä raporiul âinire 
a esie o mărime 

valoarea eiicace a
iensiunii elecirice aliernaiive, âe iorma pracii^ sinusoiâalL, 1a 

care se proâuce sirLpunyerea âieleciric^ a in conâiiiile 

specifice incerc^r-ü, ^i âisian^a âinire cei âoi eleciro^i inire

care iensiunea esie aplicaiL. ^arimea âepinâe âe iorin-

eleciro^ilor, âe iemperainra prodei âe âar, mai ales â< 

sirnciura iniernä 2 vdl incercai, aâic^ âe naiura ^i âimensiunîi 

BUPT

Lisdir.il


123
particulelor- coloiâale, äistan^a âintre ele, grosimea ^i 

rezistenta la străpungere 2 SOL âin ijurul particulelor.

Determinarea rigiäitätü âielectrice a DN s-a etectuat 

contorm S^S 286-81, utilii nâ o instalație âe tip KKD 

moâiticatL, avlnâ schema electrici âin ^ig. 4.2.1, cu următoarele 
notatii :

kty. 4.2.1. Scbema electrica 3 instalației âe măsurare a

rigiäit^ü âielectrice etective a btt.

1,2-buton âe pornire, respectiv âe oprire,- 3-1ampa semnalizatoare 

a prezentei tensiunii,- 4-releu maximal âe curent pentru 

âecuplarea aparatului In momentul străpungerii 1^,- 5-releu 
minimal âe tensiune,- 6-autOtranskormator pentru reglarea 

tensiunii în primarul trnstormatorului âe înalta tensiune 10,- 

7-voltmetru graâat In XV pentru inâicarea tensiunii âe 
străpungere âielectrice,- 8,9-butoane âe blocaj cu scop âe 

protectis a personalului care âeserve^te instalația,- 11-reListenta 

limitatoare a curentului âe scurtcircuit pe partea âe înalta 

tensiune,- 12- celula âe măsurare âin sticle, âe torme cilinârice, 

prevăzute eu electroni âe cupru cu protil XogowsXi,- 13- cablu âe 

înalta tensiune,- 14- siguranțe tu^ibile pentru protectis 
aparatului,- 15- polii cilinârici ai electromagnetului weiss, care 
aplice un cî mp magnetic staționar ^i unitorm asupra celulei âe 

măsurare 12 cu Dtt .
pentru kiecars valoare a cîmpului magnetic aplicat celulei 

âe măsurare, âe 0 la 0.5 s-a străpuns proba âe DN âe 6 ori 

?i s-a calculat tensiunea âe străpungere meâie 2-a 
calculat, apoi, rigiâitatea âielectrica etective 2 DN cu tormula:

/ â. <4.2.1) 
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unâs â rsprsrlndL âis1:sn^â âlnLrs slscLrorll celulei lâ - 
- 

2.5-10 m).
Intrucit cepecitetee celulei de mesur3re 3 tost reletiv mere 

< cce 400 cn?) s-e Incercet 13 străpungere dielectrice o probe ds 

cu megnetine^ie de seture^ie de 200 Os, singure disponibile, 

in centitete mere, pe durate lncercerilor.
Oeterminerile s-eu etectuet etl t In ebsente, d t ^i ^n 

prenen^e unui c^ mp megnetic Uniterm, eplicet perpendicular pe 
direcție dmpului electric alternativ dintre electronii celulei 

de mesurare.
Nenultatele mesuretorilor rigidității dielectrice etective a 

probei de btt si nt pr^nentate In tig.4.2.2.

^ig.4.2.2. Ltectul M3gnetodielectric perpendicular corespunnâtor 

rigidității dielectrice etective 3

'temperatura mediului ambiant ^i a probei de NN 3U tost de 287 i 
0.5X.

OupL cum se observe din tig.4.2.2, rigiditetee dielectrice L 

probei de btt create semniticetiv cu verietie ( de le 0 le 0.5 ?) 
indues iei L 3 d mpului M3gnetic unitorm, 3plicet ortogonel celui 

electric ermonic dintre electronii celulei de m^surere. NenultL 
CL Li rigidit3te3 dielectrice a preninte un etect

megnetodielectric mesurebil 13 epliceree simultene 3supr3 bdl 3 

câmpurilor unitorme, electric ^i megnetic. Nex-imen etectului 
megnetodielectric perpendiculer este, in ecest cen, ponitive.

O Interpreters celitetive e ecestui stect este urme^oeree. 
be epliceree simultene ^i ortogonele â câmpurilor omogene, 

electric ^i megnetic, perticulele coloidele de megnetitL se 
epropie ^i se ordoneene ln len^^ri lungi pe direcție dmpului
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magnetic.

In spațiul äintre electroLÜ celulei âe măsurare rumine tct mai

mult meâiu licdiâ âe suspensie, ceea ce conâuce la 
progresivi L rigiâititii âielectrice elective cu 
magnetici 8.

creșterea »
inâuct ia

Oimponi?ivs., iL aplicarea simultans. ^i paralels. a câmpurilor

uniforme, electric ^i magnetic, es1:e âe a^^ep^a^ ca 

lungi âe particule cclciâale sL se Lorme^e clliar ln^re 
cons^iliuinâ c^i âe străpungere âielectricâ u^carL

lanțurile 

electroni 

a ?i

âetermininâ, prin urmare, un ekect magnetoâielectric paralel, âe 
mărime negativi, corespunzător rigiâit^tii âielectrice elective a 

!N.
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s. conLl-ULli

I^SM2 2.dONci2t,2 in PNS2SNi.2 i-S22 ^S ciOOi,ON2t. L OONL i.i t. lUi t. O 

Lt.luciirui t.sonst.io ^i sxpsni msnt.2l 2l pni noi P2i si on pl^opni si.2t.i 

si sot.no1^i 2i os Lciisisot.nios, oonclruoi.o2ns, si sot.nocii N2mi os cis 0.2. 

^i M2Znsi.ocii si soi.n i os) 2.1s oi2Lsi ^s i-^i oont^ininci p2ni.ioruis 

ooioici2is cis M2snst.it.2, L^Lpsnci2t.s In pst.noi ^i Lrun^2ot.2t.s oiu 

Loici oisio. S-2 Lt.rucii2t., 2Li.^si » oomponi.2NS2 i.d-1 clin oi2L2 

00NLicisn2t.2, MLi ini-ii, in pns2sntf2 oimpruirui sisot.nio runü'onm in 

sp2t,iru ^i Li.2t^ion2N, nsLpsoi.iv 2nmonio, in i.imp, i2n, 2poi » in 

PNS2SN^2 Limuit,LNL 2 oimpruniion luni^onms, sisot.nio Lt.2t.io, 

nsLpsot.iv 2nmonio, ^i M29nsi,io Lt.2t^ion2n.

Ls 2pnsoi222 02 opon t.runi t.2i.S2 20SLi-ui Li.ruciiru SLis

cisopoi.niv2 ^runci2msnt.2i 2 ^i 2piio2t-iv2. Oi n prunot. cis vscisns 

^«unci2msnt.2i, 2donci2NS2 t.sonst.io2 2 i'snomsnsion sisc:^nsfi2i cis cii n 

k»22!2t,2 ps i n^snp!-st,2ni mi c:n OsciOpi cis 2clsc:v2t,s ^i ciONLis^SN^L 

cl2t,sis sxpsni msnt,2i s, pns2int,2 2t-it- cin int,s!-SL Lpsciiiic:, 

psnt-ncl c:sl-c:st,2NS2 M2i 2pNOl"uncl2t,2 2 ^i t, ^i ^n i n1,sl-sL

gsnsn2i , psnt,i-cl 2N2Ü22 ciOMpON 1-2.N i i LiLt,SmsiON c:crisicl2is in 

PNS2ISN^2 ciimpcri^li sisc:t,nc)M29Nst,ic:. In pi2Nui 2pi ic:2t^i i i crn

pc>t,sn^i 2i s, 2^sLt. Lt.clc1iiu vi^s222 Lps^t-nssciOpi 2 cli si sc:t,n i c:L

2 c:Ont,nc)i c»i c:c»nci^l^t,omst,nic: 2I pnociSLuiui ion cis pnsp2N2NS,

oont-noicli cli si sot,r-omst,ni c: in 2cicli oL"nsovsn^2 2i O2iit,2^ii in 

inLt,2i2tfii is t-s^noio^ios, mior-c)mc»t,o2ns cis nsi2X2t^is ciisiso^ni 02 

ut-iii^inci p2nt,ioclis i"s!-sooiOici2ls, ssn^oni/i,l-2ciuc:i,c»2ns Iir222i.s ps 

st"soi.sis M2cinst,ociisisc:1,nios in si,c:.

^22 cis cicrot,on2t, oont^ins ^nm2t,o2nsi s oonLniLr^Lii 

o^iAincrLs crLs cr^Lc>27^L^i.-

- cisLonisns2 mioncr^oopi02 2 poi2ni22nii Li.2i.i0s 2 2t.2L2i

p2ni,i orui sion cc>1c>i ci2is cii n l^i^)

- cis^ini^i2 i,sonsi-io2 ^i sxpnsLiiis cis O2iorui 2! i,snn2i.i vs 

2is psnmi i-i vi i.Lt^i i Li.2i.i0s s^sot-i vs 2

- mocisirui i,sonsi.io si soi-nocii ^ru?i v 2i poi2ni22nii Lt.2t.i0s 2 

l-l"i oont^ininci p2nt.ioruis oolvicl2is L^snios oru Lvkl cis t.ip 2i.snn 

2t.2H2t. )

- O2ioui rui momsnt.ruirui sisot.nio ciipoi2N nsnui t.2nt., i nciruL in 

P2nt.iorui2 ooioici2i2 Ll'snioL ciint.n-run cirudrist., nsLpsot.iv ciini.n-«un 

i2nt^ niyic! irun^^
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- smucii ui t.sor-st,io in oooi-cio>NLt.s s^sr-oi cisi s si poi sr-i 2sr-i i 

st.st.ios s dkl oontfininol psr-t.iouis ooioicisis sni 2omst,r-i os ou si 

cis t.ip §t.sr-n st.s^st.;

i nt.sr-pl-st.sr-ss mior-osoo»pios ^i cisciuosi-ss sxp!-ssisi cis 

osioui sis oonciuot.i vi t-stfi i Sisot.r-ioS dcis I-Sgim st-s.tfions.r-) 

st'sot.ivs s. dkl;

- cisfinitfiiis t.soi-st.ios ^i sxpsni msnt-si s sis oonciuot.i vi t.st,i i 

sisot.i los gsnsr-si i 2st.s doompisxs) s^Sot-i vs s dkl;

- sduciiui t.sor-st.io si oompor-t.si-i i in oimp sisot.!-io si-monio 

^i uni^or-m s dkl oont^ininci psr-diouis ooioicisis s^sr-ios ou SU cis 

dip ^t.sl-n st.s^st.;

osiouiui in ooo»r-cionst.s s^snoiciLis si oonnluodi vi dstfi i 

sisot-r-ios gsnsr-si i 2st.s doompisxs) sL"sot.ivs s dkl oontfininol 

^sr-t.iouis ooioicisis sni ^omsdr-i os ou st-r-st. §t.sr-n sudt^ir-s;

- l-ssii^sr-ss unsi inst.sist.ii cis mssur-sr-s in suciiofr-sovsntfS. s 

psi-smsi-i-i i on d cü si sot-r-i oi ^i msgnst-ocii si sot-r-i oi) L7^ si t-gö

'spsoi^.i.oi l_^-

smucii ui t,so»r-st,i o di äi msnsi onsi si s1"sot,ui ui ms^nst-o- 

ciisisoti-ic: psr-sisi oor-sspun2st-or- psi-mi t-i vi t-st^i i st.st.ios sk"sot-ivs 

s l_t^ ou ciudisi.s cis psi-t-iouis ooioicisis s^sr-ios;

- osiouiui sni 20»t,r-opi si ms^nst-ocii si sot,i-i os oo!-sspun2st,osr-s 

psi-mi t.i vi tst-ii st.st.ios s^sot-i vs s ddä ou isnt.ur-i r-i^icis iungi cis 

psl-tiouis ooioicisis s^si-ios;

i-ssii iisi-ss unsi inst-sistfii cis insit.s t.snsiuns psnt.i-u 

st.uc:1iui sxpsr-i msnt.si si si'sot.uiui msgnst.o>cii si sot.r-io psr-psnciioui sr- 

oOi-sspun^st.O'i- i-igiciit.stfii cii si sot.l-i os s ddi.

^>s oonsicisr-s os s^or-t.ui cis osr-ost.sr-s si sut.oi-uiui t-s2si cis 

k^s1.s si- put.ss 5"i oont.inust. in viit,oi- pr-in:

- iusr-ss in oonsicisr-sr-s s mirosi-ii di-o>,nisns s psi-t-iouisior- 

oo»i oi lis.i s i ri st.ucii ui t-sor-st.i o si pr-opr-i st.s<^i i or- sisot-r-ocii nsmi os 

sis l_^-

- sxt.i ncisr'SL i s r-sgi mui nsst,Lifi snsi- s st.ucii ui ui t.sor-st,i o si 

stsoi.sio»r- msgnst-ociisisot-i-ios in

st.uciiui sxpsi-imsnt.si si pi-opi-i st-st^i i or- cii si sot.r°i os ^i 

msgnst.ociisisot.l-ios sis in i-sgim st.st.io, r-sspsot-iv sr°mo>nio cis 

^oisi-is .io-sss iVsovsntfL'

st,uciiui vi soo^i t.stfi i d post.s1"sot.ui ui ) cii si sot.r-i os ^i 

msgnst.ocii si sot.r-i os spsoi1"i os

- oonosptfis ^i !-SLÜ2S!-SL ^Lot-ios L UNOI- t.i-sciuot.Osi-s dS2Lt.S
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PS s^s^t,sls mL^nst-L-Lli sl SSt-ni LIS NSLpSSt-iv s ^nor-

mi Lr-Lrmot,oL!-s Lls l-sl LXLt^i S Lti si SSt,ni SS. Ut-ili^inLl PSNl,iLI^llS 

fsi-OLOl Oi LlLl s. In SS PSN L PSLl t-i VL SSNSNSlä, LS PNSVSLts

SXt.iNLlsNSL L^rucjiulul PNOPNl st.L^.i I ON si SSt,NOL"I 2ll LIS Is. 1.^1 
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