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Lenv pabomewr — wnzyvenme u ocpoeHHe METO/iOB aHaH3a 3JIeK-
TPUHYECKHX HeNeH 0HO(A3HOIO CHHYCOMIANBHOIO TOKA ¢ HCMOIb30BA-
HHEM CHMBOJIMYECKOr0 METO/A.

1. COAEPIKAHHE JJOMAIIHET O 3AJAHUSL BEIEOP
UCXOJHBIX TAHHbIX

1. B cootrercraum ¢ Homepom BapuaHTa jOMalIHero 3aaHUA Ha-
PUCOBaTEL 1OIPOOHYIO CXEMY © YKA3aHHEM OTAENBHbIX 3/IEMELTOR (R,
L, C) v BBIIHCATL UCXOHBIE YHCIOBLIE MAHHbIE M3 TAGL. I11, npuge-
ACHHOH B TIPHIIOIKEHMHM 1 METOMUECKUX YKAZAHMIA.

2. Hcnonesys cuMBonuueckuii METON, [ MCXOAHOH cXemel (puc. IT1
TIPAIOKEHMS 2) COCTABUTE CHCTEMY YPABHEHHH 110 3KOHAM Kupxroga,
HOACTABUTL B HEE YHCIIOBbIE 3HAYEHMS, COOTBETCTBYIOLLME PACCMATPH-
BACMOMY BAPMAHTY 32JIaHMA, M, UCLOTB3YsS KOMIIBIOTED, ONpPeNelnTh
BCE€ TOKH B BETESX CXEMEI.

3. 3anucats ypapHenue Gananca MolIHOCTE ISt ICXOOHO CXEeMBI,
HOACTABUTE M3BECTHBIC YMCIIOBblE 3HAYEHMA M OLEHHTh OTHOCHTE!Ih-
HBIC NOIPEITHOCTH pactera 3HAYCHMI aKTUBHOM W PEaKTHEHON Mol
HOCTeH.

4. PaccunTats MOTEHUMATH BCEX TOUEK B MCXOMHOIN cxeme, NPHHAB
34 HY/ICBOH IIOTEHITHAI HIDKHEIO Y3II4 CXEMBbL. IMocrpouTs Ha ofHOM
rpauke (COBMELIECHHYO) BEKTOPHYIO AMarpaMMmy TOKOB W Toriorpadu-
HECKYIO Marpammy HanpspKeHMH 1718 MCXOOHOH cxembl. OBO3HAYHTE
Ha HEH HANPSDKEHHA, COOTBETCTBYIOLIME BCEM 2IEMEHTAM CXEMEL.

5. Onpenenuth mokasaHus amrepMerpa, BOJILTMETPA M BATTMETpa,
YKa3aHHBIX B HCXONHOH CXeMme.

6. Mcronesys Mero1 sKeMBaienTHOro FEHEPATOpa, ONPElENUTh TOK I
B BCTBH C CONPOTHBICHUEM Z; (cM. puc. IT1). Comocrasuts monyueHHoe
3HAYCHHE 3TOr0 TOKA ¢ Pe3Y/IBTATAMME PACHUETA IIPEIBIAYILHM METOIOM.




7. BBECTH B HCXOIHYIO CXEMY JIONOMHMTENbHBIH 30eMent Zs, obec-
NEeYHBAIOLINA B BETBH C COIPOTHBIIEHHEM Z) PEKHUM PE30HAHCA HANpPS-
aenuil. Mcnonesyst Mero/i SKBUBAJAEHTHOTO T'€HEpaTopa, OLpPEedenuTh
TOK M HAaIPSKEHUs1 B BETBU ¢ conpoTuBiennem Z,. Iloctpouts come-
LICHHYIO BEKTOPHYIO JUarpaMmy TOKOB M TONOrpaduuecKkyro jma-
rpaMMmy HanmpsDKEHHH JIUI MCIIONb3YyeMOi B 3TOM IyHKTe 3afaHus [pe-
00pa30BaHHOM CXEMEL.

8. BBeCcTH B MCXOAHYIO CXEMY MOILOJHUTENBHYIO BETBH C COMpO-
THBIIEHUEM Z; IAPAILISNIEHO BETBY C CONPOTHBIIEHUEM Z,, yTo0bl obec-
[eYnTh HAa PacCMaTPHBAEMOM Y4YACTKe PEKUM pe3oHaHca Tokos. Mc-
MOMb3yst METOJ| 3KBHBAJEHTHOTO TEHEPATOpa, ONpPEIeNHTh TOKH B

COIPOTHBIICHUAX £, M Zg X CYMMApHBIH TOK y4acTka renu [, =1, + I, .
TMocTpouts coBMeleHHYIO BEKTOPHYIO IHATPAMMY TOKOB M TONOIpa-

(pHuecKyIo JHArpaMMy HaTIPSOKEHAH 1JI1 MCIIONb3YEMO B 5TOM [IYHKTE
3a/1aHKs [IpeoOpazoBaHHOMH CXeMEl.

2. HOPAJOK BbUTOJIHEHUA
PACYETHO-TPAOHYECKOUN PAEOTBI

1. Mcxonuaa snexTpuveckas cxeMa MPUBENEHA B NPHIOKEHHH 2
(cm. puc. T11). Yncrnosble 3HaYeHUs [IAPAMETPOB CXEMBI CTYIEHT BbIOH-
paer u3 Tabn. I11 npunoxenusa 1. Homep Bapuanra nomaiiHero 3aua-
HH3l COOTBEICTBYET HOMEPY, M0J] KOTOPBIM CTYJEHT 3alHCaH B XypHa-
7€, HAXOIIEMCS Y CTAPOCThL IPYIIIIEL.

2. PacuerHo-rpadnueckas pabora BLUIONHAETCA Ha jucrax (opma-
Ta A4, XKenaTenpHO ¢ MCIIONb30BaHKeM KommstoTepa. O6pasen odopm-
JIEHUS TUTYJIBHOIO JIUCTA IIPHBEAEH B MPUIOKEHUH 3.

3. Ilepen BBITIONHEHHEM OYEpPEHOIO IIYHKTA 3aJaHHsA HeoOX0quMo
AATh 3ar0JIOROK M KPATKO OLIMCATh BALUM MOCIeIyIONMe acictBug. [lpu
BBITOIHEHAM BBHIMMCIIEHUH CIEGAYeT IPHBECTH PacdeTHYIO (opmyiy,
[OJACTABHTH YKMC/IOBBIE 3HAUSHHUs BCEX BEIMYHH, BXOAALIMX B GopMyny,
OTBET C yKasaHMeM eiAuHul uiMepenms g cucreme CU, szatem — ko-
HeYHbIEe TPadUKM M BEKTOPHBIE JUATPAMMEI B COOTBETCTEHM ¢ YCIOBH-
eM JOMALIHEro 3aJaHHsL

4. Menoinpsyemple 0603HAYEHHS B (POPMYNIAX M HA CXEMAX JODKHBI
cooteercteoBath [OCTYy.

5. PaBoty Hajt olMOKaMi CTYJICHT BBUTONHSET HA HOBOH CTPAHMULIE,
He 3aTpardBas yxke IPOBEPEHHOTO TpenojaBatesieM mateprana. Cire-
Jyer Hanucathk 3aroioBok: «Pabora Ham omubkamu» M Jagee BBIION-
HiATb pabory Haj omMGKaMH, 3aHOBO TIPHBOIS MCIIPABIEHHBIE PUCYH-
KM, (DOPMYJIIBI B pACHeTHI,

6. Cpok caa[d BTOPOro JOMAIUHETO 3aIaHus — |4-st Henens cemMecTpa.

Ilo ykasaHwto TIperojaBartens OTAENBHEIC IIYHKTBI 3aJaHAS MOTYT
OBITB OIMYIIECHBI.

3. KPATKHE TEOPETUYECKHWUE CBEJIEHUSA

3.1. Pacuer sjexTpuueckoii menu
¢ HCIOJIB30BaHueM 3akonor Kupxroga

ITpu pacdere 1emM MEPeMEHHOTO CHHYCOMIANLHONO TOKA MOKHO
BOCITONB30BaThest 3akoHaMu Kupxroda. CocTaBHTh COOTBETCTBYIONIYIO
CHCTEMY YpaBHEHMH MOXKHO TH0OO JUIsi MIHOBEHHBIX 3HAYEHWEH TOKOB M
HanpsbreHui, mbdo B koMImekcHoi dopme (Tabm. 1).

Tabauya 1

Tun yparHeHus IepBorii 3akoH Bropoit 3axon
P Kupxroga Kupxroda
JImg MIrHOBEHHBIX c -
3HaTenuii M =0 M u, Mm\.
B romimmexcHoit opme ¥ 1=0 YU, =Y

MrHoBeHHBIE 3HAYEHHS TOKOB U HATIPSKEHHH 3aNHUCHIBAIOT B BHIIE
CHIYCOHANBHBIX (DYHKIMIH ¢ HX HAMATBHEIMI (azamu y; ¥ \p,,:

i()=1

m

u(t)=U,

il

sin(f +,);
sin(wiz + ).

Hanprelimme paccyxeHrs OyaeM NpoOBOAATE ¢ HEITOMB30BAHHCM KOII-
KPeTHOH cXeMBl (puc. 1). 3ammmmeM cucTeMy ypaBHEHHI 10 3aK0IaM
Kupxroda ans cxemst Ha puc. | g MCHOBEHHBIX 3HAYCHUI TOKOB W
HaIpPAXKEeHHH:
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HMony4umu cucreMy uHTerpomudpepeHHaNbHEIX YPABHEHUH, 3arm-
CAHHBIX JUTA CHHYCOMIAIIbHO U3MEHSFOMMXCs BelMYuH. Pemars Takyro
CHCTEMY CIIOKHO. 3HAUMTENRHO yHoOHEe peinaTh CHCTEMY YpaBHEHHI,
3aNMCAHHBIX ¢ HCIONB30BAHMEM KOMIUIEKCHBIX BETMUWH. DTO II03BOJS-
€T CBeCTH pelleHue TH(G{epeHnHaiIbHbIX YPaBHEHHH, 3aNUCcaHnbIX TS
MPHOBEHHEIX 3HAYCHUI TOKOB M HalpBKEHUH, K PeleHnto anrebpau-
HYEeCKHX YPaBHEHUH, 3alHCAHHBIX B KOMITIEKCHOH (opme.
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e e N
u i1 Ms
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Puc. 1. Dnextpuueckas cXeMa ¢ HCIONB30BAHIEM
MIHOBEHHEIX 3HATCHUI TOKOB W HANPOKEHHH

3ammineM cHCTEMY YpaRHEHUH IUIS HAUIErO TIPUMEPA ¢ MCIIONE30-
BaHMEM KOMIUTEKCHBIX BeluuuH, llpefBapurensHo repepHcyeM cxemy
(cMm. puc. 1), BBens B Hee HOBBIE 0003Ha4YeHUs (puc. 2).

3akoH OMa B KOMIUIEKCHOW (hopMe TS Kad[IOro M3 >IeMEHTOR
CXEMEI HMEET BUJ,

U=2ZI,

rae U u | — KOMIIIEKCHBIE 3HAYCHUS HaTIPsKEHHs ¥ TOKA Ha y9acTKe
Uenu; Z — KOMIUIEKCHOE CONPOTHBICHHE yYacTKa IIEMH, KOTOPOE B
Ka@X/IOM KOHKPCTHOM CITyYae 3aTMChIBAIOT COrJIacHO Tabu. 2.
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Puc. 2. DnexkTpHyecKkas CXeMa C HCTI0NB30BaAHHEM
KOMILIEKCHBIX BEIHYHMH

JInst cocTapjIeHms CHCTeMBl ypaBHenuit 1o 3axkonam Kupxroga He-
06X01MMO NPEIBAPUTEIBHO 3a/1aTh TIOIOKUTE/IbHbEIC HATIPABICHHA TO-
KOB B BETBAX CXEMEL.

Iepsoiii 3akon Knpxroda Gpopmynupyercs Tax.

Anzebpaueckan cymma KOMHAEKCHBLX 3HAUENUl THOKOG 6 y3ie
SAEKMPUUECKOU YENU PACHA HYTHO:

&l =0,

IIpaswio 3uaK0e: TOKH, HAIIPABIICHHBIE K y3I1y, OepyTes cO 3HAKOM
IUTIOC, OT y3J1a — CO 3HAKOM MHHYC.

Yucio ypasuenuil, cOCTABIsMEMOE 110 TIepBoMy 3akoHy Kupxroda,
Ha eJMHMLY MEHbLIE, YeM YMCIIO Y3JIOB B CXEME.

Bropoii 3akon Kupxroda dopmynupyercs Tak.

Ancebpauneckas cymma KOMRAEKCHBIX 3HAYCHU HARPANCEHUTL 6
AMKHYIMOM KOMIMYpe PASHA al2ebpauieckoll cymme KOMRIAEKCHBIX 3HA-
yenuii JC 6 amom Konmype:

S AU, = YR,

Ipasuio 3uakos: BpidupaeM Hampasiienue 06x0/1a KOHTypa (110 Xo-
Iy YACOBOM CTPEIKM Win npotus Xona). Ecim nanpsmkenne (i 3/1C)
CORMAJAET C HATIpaBIeHHeM 00X0/1a KOHTYpa, TO 3HaYeHHe Depercs co
sHakoM moc. Benu xanpsikenue (unm OJC) manpapicHo HaBCTpedy
00xo1y KOHTYPA, TO ~— CO 3HAKOM MHHYC.
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Yucno ypasnenuil, COCTABIIEMBIX 10 BTOpoMy 3akony Kupxroda,
PABHO YUCITY HE3aBMCHMBIX KOHTYpPOB B cxeMe. Obliee YUCIO yparHe-
HHUif, COCTAaBIGHHBIX TIO MEpPBOMY M BTopoMmy 3akoHam Kupxroda,
JO/KHO PABHATHCS WHCTY HEM3BECTHBIX (00BIYHO — TOKOB).

Cucrema ypaBHeHuMif, 3amucadsas 1o zakonaMm Kupxroda B koMm-
TUTEKCHOM (hopMe, IS CXeMbl Ha pHc. 2 OyAeT TaKoi:

I —d, ~f, =0
LR+ (= jXe)+ LR, + LX) -U =0; (2)
LR+ (= jX5)+ LX)~ 1,(jX 1) - LR, = 0.
Hcnonb3yst MCXOAHBIE QaHHBIE, BEIUMCIAEM BCE PEAKTHBHBIE COIIPO-
THBJIEHUS:

X =1/(0C); X,,=0L; X, =1/(0C,); X, =0L,

rie o=2nf =314 ¢, Tak kak £ =50 T'm.

IozcrarnaeM W3BECTHBIE 3HAYEHUA COMPOTUBIIEHUH M HATIPSKEHUS
wcTounnka U B cicTeMy ypasHerwit (2) u pemaem ee. [TomydaeM 3Ha-
uerns TokoB I, I,, I, n, nri6paB MaciuTal, cTpOMM BEKTOPHYIO JiHa-
rpaMMy TOKOB Ha KOMILICKCHOH TITOCKOCTH (puc. 3).

\T.\.

+1

Puc. 3. BexropHas nuarpaMma TOKOB

3.2. CocraBiienne ypaBHeHHS faianca MOMIHOCTeH

Jns 1poBEPKH MPaBWILHOCTH PELIEHUS 3aa4M B DJIEKTPOTEXHHKE
0OBIMHO UCHOABL3YIOT METO/T COCTABNEHUS YPaBHEHU: DamaHca MOLIHO-
creif. KoMruiekcHas MOLIHOCTb, OTA4BAeMAas UCTOUHHKAMK B DJIEKTPH-

9



uecKylo 1ens S . J0MKHA OBITE paBHA KOMIIIEKCHOH MOIIHOCTH, 10~

—HCT

TpebnsaeMoii NpUeMHUKAMY S :

= npreM

rmd ”%

—HCT = upuen *

ITpy sToM JOMKHEI BBEITOMHATECA pasfefbHO PABEHCTBA aKTHBHBIX
MOLIHOCTEN

P_=P

Huer MpHEM

H PCAKTHBHBIX EOEIOQ_.;@WH
mzn._. = m:vmnz "

MoInpocTh MCTOYHWKOB B HAIIEM TIpUMEpPe PAcCUUTHIBAEM B KOM-
TUIEKCHOM (hopme:

Muﬁ. = M .Q.M = Nqnﬁ + .\.@:na.

3reck IS pacdeTa KOMIUTEKCHOM MOIIHOCTH S HCHOIb3YeM KOM-

—HCT

*

TUIEKCHO-COTPSDKEHHOE 3HaueHue Toka [; S, P, O — 1onHasd, aKTHBHas

¥ peaKkTHBHAS MOIIHOCTH, W3MepsieMble, cOOTBeTcTBeHHO B-A, Br,
BAp.
JI7ist IPUEMHHKOB BBIYHCIEIEM Pa3iellbHO aKTHEHYIO MOIHOCTD

hU:cSnﬁ = MNM&N

A pEaKTUBHYIO MOLIHOCTL
Ben B
m:_z_nz = Mkﬂ ;Nh - Mm \wn:

TIpu BHITONHEHWH pPEaJbHBIX PACUETOBR 3HAUCHHS MOILMHOCTH HC-
TOYHUKOB W TIPHEMHHKOB MOI'YT HECKOIBKO pazInyarbed. TodHOCTH
BBIMIOIHEHHOO Pacdera CXeMbl OICHMBAFOT C TTOMOITBED OTHOCHTEIBHON
TIOrPELIHOCTH TIPH BRIMHC/IeHM Oaatica aKTHMBHBIX MOINHOCTEH

@uﬂ_muxn.wk.wu:nxm: 100%
S |

HCT
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H pCaKTHBHBIX ?HOENOOHOHM

m . mSO._. - m:_uﬁnz
2 S
s

HCT

-100%.

IIpy BBINIOTHEHHH PACUCTOB HAa KOMIILIOTEPE 3TH MOTPEUIHOCTH HE
JOJDKHBI 1peBpiath 1 %.

3.3. [locTpocHue NOTCHOHAILHOH AHATPAMMDBL

JuarpaMmy, NOKa3bIBAIOLYH) pacIpede/eHue IIOTCHIUAIOB B
HJIEKTPUYECKON LIeMH, HA3bIBAKOT HOMEHYUWILHOH.

[MoreHunaibHyIO AUarpaMmy sl LENH NEPEMEHHOrO CHHYCOH-
JaJBbHOTO TOKA PACCHHTHIBAIOT € HCIIOIBL30BAHHEM KOMILIEKCHBIX
YMCEsI U CTPOSIT €€ Ha KOMIUIEKCHOH IUIOCKOCTH HA OJHOM rpadiuke ¢
BEKTOPHOH auarpamMmoi Tokop. IloTeHIMANbHAS AHATPAMMA [IO3BO-
JIAET JErKO BBIMHCIUTH HANPDHKEHHE MeXKIy JT100BIMH ABYMSI TOUKA-
MH paccMaTpHBAeMOW 3IEKTPHUYECKOH LieNM, ONpeae/lnTh He TOIbKO
HaNpsKeHHe, HO M XapaKTep paccMaTpUBAEMOro y4UacTKa Henu.

Pacuer moTenIMaNEHON JUarpaMMbl BeLyT [10C/IE [I0JHOI0 pactera
BCel LeNM, OTpejieIeHrs BCeX TOKOB.

Jns BhIMMC/IEHHS HANPDKEHMM Ha YJYacTKax SMeKTPHUecKOH Ienu
JOCTATOYHO MCIOAL30BaThL 3akoH Oma B KOMIUIEKCHOH (opme
(cM. Tabn. 2). Pacuer HOTEHUMANIOR BO BCEX y37aX M TOUKAX BICKTPH-
YecKOH LEenH BLINOMHSIOT TTOCIICAOBATENEHO, NBUTafsCh BAOJIb LEMNH,
HAYHMHAY OT TOYKH, IMOTEHIHA] KOTOPOH IpPHHHMAIOT 3a HYJIEBOH

(¢, =0). Bymem C4MTATh, YTO HA LIACCHBHBIX SIEMEHTAX CXEMBI Ha-

NpspKeHUe COBMATAET MO HANPABJICHHIO ¢ TOKOM B daeMenTe. Eciu Ha-
TIpsKEHIE Ha YYACTKE 3ICKTPHUUYECKOH Henu o003HAUMTE ¢ JABYMS MH-
gexcamu (Uyp), COOTBETCTBYIOIMMH I'paHinaM ydacTka (A—B), To Ha
JNEKTPUUECKOM cxeMe 3T0 HampskeHwe Uyp cienyer o003Ha4aTh
CTPENIKOi, HAIlpaBJIeHHOH 0T nepBoi TOUKU A ko BTOpo# Touke B, ecnu
TOK Ha 9TOM YHaCTKe TOKE HallpaBiien OT TOUKH 4 K Touke B.

PaccMOTpUM ITOPSIIOK pacuera U MOCTPOeHUs MOTEHHaabHON Aua-
rpaMMBbl Ha TIPUMEpE aHAMM3a IeKTPUUECKOH IelM, CXeMa KOTOPOH
[IpUBE/ICHA HA puUC. 4.
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Pue. 4. Ilompobnas cxeMa paccMaTpHBACMOTO
OpEMepa pacyera

ByjgeM cuMraTh, YTO PAaccMaTpMBaeMas CXeMa yiKe paccuuraHa U
BCe TOKH OMpeneienbl, [IPHHIMAeM HOTEHIMAN TOUKM £ paBHBIM Hy-
mo: ¢ =0. OBoitem cxemy, ABATALCE II0 BHELIHEMY KOHTYPY IPOTHEB

XO0/1a YaCOBOM CTPEIKM M BHIYMCIISA [IOTEHIMANBL BCEX BCTPEHAIOIIMXCA
touek. ITo aHAIIOrHH ¢ PAcHeTOM IIOTEHLHAIOB IPH OCTOSHHOM TOKE,
JIBHTasACh NPOTHB TOKA, OyJeM YCIIOBHO CHUTATh, HTO MOTEHLMAll OHe-
PeIHOH TOYKM «BO3pacTaery, T. €. K MOTeHLUaTy npeapLy el TOUKH
Oynem npuOaBiATh MajeHue HAPDKEHWS Ha PaccMarpuBacMoM 3.e-
MEHTE HilH Y4ACTKE CXEMBL.

Hanpspxenue Ha ydacTke M-F U =1,(JX,)-
Torenupan Touxku M @y =P +U, -
BerauciseM NOTEHLUAI CIEXyoIeH Toukd D.

Hanpspkenue Ha ygactke D-M Upyy =1L(=jX3)-
Torenuuan Touku D Pp =Py +Upy, -

AHATOTHM4HO BLIYHCIAEM HOTEHIHAAIbI OCTAIBHBIX TOUEK CXEMbL:

Q@ kumw.., Ox =Pp +~w§w
Upe =1(=1X0)s 95 =g +Ups
Up=IR; ©,=05+U;
¢y =0, ~U="=0

12

Q: =1 LUX L) Oy =0+ Q.ém
Q.az = ﬁ.%mw Op =Py + qkﬁt

Jasnee ro pesympraraM pacdera (B YMC/IaX) CTPOUM TOTEHIHAILHYIO
(TomorpadyHueckyro) AMarpamMmy, COBMEIICHHYIO € BEKTOPHOH [¥a-
rpaMMO¥ TOKOB. Buj momydeHHOH quarpaMMel [t paccMaTpHBaeMOH
cxeMBbl (cM. puc. 4) TipHBesieH Ha pHC. S.

7
N
M Use U e
quﬁ‘.m -
Nw
K
E Tosie o
Uep i U o +1
Upwr s
A B -
D - N\.__.\E x&

Puc. 5. Tonorpadueckasn awarpaMma, NOCTPOeH-
Hag [0 pe3yabTaTaM pacuera

IMocTpoenne HAYHHAEM C 3alaHHA OCell KOMILTEKCHOH I1ITOCKOCTH
[+1; +/]. Boibupaem Macioralel, yA0OHEIE LT TIOCTPOEHHA BEKTOPHOU
JAMarpaMMBl TOKOB M NOTEHIManop (Hanpsokenuii). CTpoMM paccuw-
TAHHBIE TOKH Ha KOMIUTEKCHOH ILJIOCKOCTH B BHjIe BeKTopoB. OTMevaeM
M MOANUCHIBAEM HA KOMITJIEKCHOH IJIOCKOCTH ITOTEHIMAJIbl BCEX pac-
CYHTAHHBIX Touek cxeMbl. CoeTMHsA COOTBETCTBYIONIHNE TOUKM Ha Ha-
rpaMme CTpelikaMH, MTOKashlBAEM HANpPKCHIC Ha BCEX DJICMCHTAX CXC-
mbl. Crpenka, ofo3HauaroNas HaOpsKeHHe Ha yJacTKe CXEeMbl, Ha
BEKTOPHOM JidarpamMMe JOMKHA OBITH HAllpaBlieHa B CTOPOHY MEPBOro
wnmekca. Harnpwmep, Ha auarpamMme, NpeNCTaBIeHHOH Ha puc. 5,
cTpenka, o003HAYArOIad HalpsHKeHHe Uy » HAIPaBlieHa B CTOPOHY
nepsoro MHAeKkca K, COOTBETCTBYIOLUErO Ha JHATPAMME TIOIOKCHHIO
TOUKH ¢ TIOTeHIHanoM @, . He cuemyer myTaTe C HampaBlICHVEM
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cTpesiky, obosHavaromeli Hanmpsokende Uy, Ha dJIEKTPUIECKON cXxemMe
mend (cM. puc. 4), Thae crpeika HanpsskeHus U, COBNaJaeT ¢ Halpap-

JieHueM ToKka [, W HanpaBiieHa OT mepeoro yzaa K k touxe N.

Jns TpoBepKH NPABHIEHOCTH TOCTPOEHMs [OTEHIHWAILHON aHa-
rpaMMBl MOKHO COTIOCTABHTH HATIPABJICHUS HAUPSKEHUH H TOKOB I
KA3KJIOr0 37IeMeHTa cxeMbl. OHM JOMKHEl COOTBETCTBOBATE TadI. 2.

3.4. Oupepeitenue NoKa3anMii H3MepUTELHBIX NpHGopoR

Amnepmemp uaMepseT TOK, TPOXOOAUMH depes ero obmorky. OH
MOKa3hIBAET AEHCTRYIOLIee 3HAYECHHE CHIBI TOKA B BETBH, B KOTOPYIO
OH BKTIOWEH. B cxeMe Ha pHc. 6 aMIiepMeTp TOKa3LIBAET AeHCTBYIOMEe

3Ha4eHHe ToKa 1.

&

£

Puc. 6. Cxema ¢ m3MepuUTelIEHBIMA IpHOOpaMHA

Bonsmmemp TokazpieaeT pAelicTBylollee 3HAYEHUE HANPIKEHHS
MEKTY IBYMs TOUKAMH 3JIEKTPWIEcKOH IEMH, K KOTOPBIM OH TIOJIKIIFO-
yeH. B paccmaTpuBaeMoM npumepe (cM. pHC. 6) BOTBTMETP MOAKIIIOYEH
K ToukaM K u M.

Briaucisiem Hanpsokernue U, B KOMITIEKCHON dopMe:
KM
] s T : _ Wy
Uy = L(R, I.\\quuv =Uge’™.

BOJIETMETp TOKEXET YHCIOBOE 3HAYECHHE, PABHOE MOIYIHO HATIPIKe-
Hua U, T.e. Uy,,.
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Bammyemp wW3MepaeT aKTUBHYIO MOLNHOCTb, PacXoJyeMyl Ha
yHacTKe eIy, 3aKII0YEHHOM MEXKIY TOUKAMH, K KOTOPBIM ITOAKITIOHe-
Ha 0OMOTKA HANPSDKEHHS BATTMETPa, — B HallleM mpuMepe (CM. puc. 6)
Mexay Toukamu K u F.

AKTHBHYIO MOIIHOCTH, M3MEPSIEMYIO0 BAaTTMETPOM, MOMKHO BbIMHC-
JUTE 110 gopmyiie

P=Ug1 cosq,

Ie ¢ — yron Mexay Bextopamu U, u ﬁ. B stom Beipaskenun Uy, —
IEHCTBYIONee 3HAUeHHE (MOIYNb) HAMPSLKEHH, HA KOTOPOE MOIKIIIO-
ueHa 0OMOTKA HalpsDKeHHUA BaTTMETPa; {; — HEHCTBYIOLIEe 3HAUCHHUE
(MOY/IB) TOKA, NPOXOJSIIET0 Yepe3 TOKOBYIO 0O0MOTKY BaTIMETpA.

3.5. OnpenesieHne TOKA B eIH
METOA0M YKBHBAJIEHTHOI'O reHeparopa

Eciu tpebyeTca ompenenuTe TOK TOIBKO B OZHOH BETBH CIIOMKHOH
NEKTPUUECKON LIS , ISl ero HAXOXKASHUs Y100HO HCIIONB30BaTh METO/
9KBHMBAJIGHTHOTO TEHEpaTopa. ITOT METO/| OCHORAH Ha TeopeMe 00 aKTHB-
HOM JBYXITOJIOCHUKE, CMBICI KOTOPOTO 3aKIFOUAETCA B CIIEAYIOIEM.

Eciii akTHRHYFO 1iel1b, K KOTOPOH [IPUCOEJMHENA HCCIEyeMas BETBE,
3aMeHHTb HCTO4YHMKOM dKBuBanenTrol DJIC E,, 3HaueHne KOTOPOii pas-
HO 3HAYEHHIO HANPMKCHHMs XOIOCTOrO XOIa Ha 3aKHMax PasOMKHYTOro

JABYXITOIKCHHKa U Y SKBHBAJICHTHBIM COMNPOTHBJICHHEM m ,» PaBHBIM

xx?

BXO[IHOMY COIPOTHUBJIEHHIO TTACCHBHOH LIEMM [BYXIIOMIOCHUKA Z ., TO B

BX 7
HCCIIEIYeMOH BeTBH SJIEKTPHUECKOE COCTOAHUE HE H3MEHNTCS.
Tok B ey
.M. — Nm. 3 — Qx.x
e = s
£ #L; Lt

—H —BX —n

rae Z, — CONPOTHBIEHUE HATPY3KH. DTOMY BRIPDAYKEHHMIO COOTBETCTBY-
€T cxema Ha puc. 7.
TMonpoGHee alropuT™ 5TOr0 METOJA PACCMOTPHM Ha NpPUMEpPE Ofl-

peieneHns TOKa [, B BETBH C COIPOTHUBJCHHEM Z, I DJIEKTpuUte-
CKOM ey, cXema KOTOpOH IpHuBeieHa Ha pHc. 8.




H

{1
I~

Puc. 8. Cxema x mprmMepy pacdera
Puc. 7. CxeMa, 0OBACHAOMAS METON, IEKTPHHECKOH HEmH MeTONOM IKBH-
JKBHBAIIEHTHOI'O TeHEPaTOPa BaJIEHTHOTO TeHepaTepa

Boruuciasgem 3pavenne U ...

U3 paccmaTprBaeMOH 3MeKTPHHECKO#H LEMH YAAIACM BETBL COMpO-
THBJICHHEM Z,, B KOTOPOH Tpedyercs OnpeaennTk TOK N.w.

OnpegensieM HanpsokeHHe Mexay Toukamd K m £ B ocTapluencs
YaCTH CXEMBbI ﬁw‘x xe-

B namem npumepe (puc. 9) ans onpenenenus U, , MOXHO HC-
ITOIB30BATH METO/] MEKY3JIOBOrO HAaNPsKEHMA (METO JABYX Y3JIOB):

PaccunteiBaem 3aauenne Z,. cp -

Mz cxembl (cM. puc. 9) yaanseM MCTOYHHK Hanpsukenwst U, octae-

JIsIs ero BHYTpeHHee corpoTBieHue (0HO papHO Hymwo). Ilorydyaem
cxemy (puc. 10) ¢ mapauiensHbiM COSTHHEHHEM [ABYX BETBEH OTHOCH-
tensno Touek K H £. OnpenenseM

, _Z(ZsHZy)
Zpx KE NH.TNImn_.qNLa

3aTeM BRIUHCISIEM TOK
E. Uxke

o 3 _ X.
I, = -
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N

>

N
IS
I

Puc. 9. Cxema pacuera nanpspxkeHmsa  Pue. 100 Cxema pacdera BXOOHOTO
XONIOCTOI0 X014 COTIPOTHUBIICHHA

3.6. PacueT pe3oHAHCHDIX PEXHMOB

Pesonancom 6 snexmpuyeckol yeny Ha3bIBACTCS PEKMM 9JIEKTPH-
yeckoH menu ¢ dnementamu R, L, C, Apy KOTOpOM HANIPIKEHHE H TOK
Ha BXOZe ueny (MM paccMaTpuBaeMOro yJyacTka IIENH) COBOAJAloT 110
daze. Xapaxrep Leny (WM y3acTKa LEIU) YUCTO AKTHBHBINA.

Pesonanc Hanpayceniii

Ilycte Ha yuacrke K—E ¢ conpoTusieHueM Z, =R, + jX;,
(cM. puc. 4) TpebyeTcs cO34aTh PEKHUM PE3OHAHCA HANPLKEHHH ¢ I10-
MOLUBIO BBEACHHA B CXeMy A00aBOUHOrO 37IeMeHTa Z ;.

Ilpy pe3oHAHCE HAMpsKEHMH PacCMATPMBAEMBIN Y4YacTOK LIENH ¢
AKTHBHBIMH M PEAKTUBHBIMK COLPOTHBICHHUAMH JO/KSH ObITh AKTHB-
HBIM!

Zyg Hz\kw +(X Iamauu =R,

3HauuT, B BerBh K—F Heo0X0AMMO BBECTH €EMKOCTHOE CONPOTHBJIICHHE
X.s=X,, B otom cmyuae cxema (cM. puc. 4) nmpuobperaer BHI,

npeacTaBIeHHblH Ha puc. 11.
[NockonbKy TpelOyercs cO3aTh PEXHMM Pe3oHAHCA HANMpPKeHHH B

BETBU C CONPOTHBIEHHEM Z,, A1 ONPENCTeHus ToKa [, B UTOIOBOH

cxeme (cm. puc. 11) ynoOHO BOCHONB30BATECS METOLOM DKBUBAIEHTHO-
ro remeparopa {puc. 12).

17



R Xey R b
m ; R B C3
A B _m K b_ M
R,
N X
M\. N‘hm M L4
Q Xes

1
E

Prc. 11. Cxema, cooTBeTCTBYIOLIAS PE30HAH-
CY HANpsKCHUA

Puc. 12. Ucnonp3osanme metona sxeu- Pme. 13. Bekrophas muarpamMma
BANIEHTHOI'0 TEHEPATOpa I/ paciera TOKA M HANPSOKEHHH IIPH HAIMYUH
CXEMBI DU HATIM9HH PeXKHMA PEe30HAHCA B CXeMe pexuMa pe3OHaHca Ha-
HanpskeHui NIPsKeHAN

3navenns JJIC FE| u BHyTpeHHEro CONPOTUBIEHHS Z, HKBHBa-

JIEHTHOr'O reHeparopa y»ke paccuuTadbl. [losToMy ompegeneHne Toka
I, B BerBH K—F BBIIONHAETCA MPOCTO:

m.u - Qx.xhﬁ .
Zy+Zy+Zs Zyxpr+Zr+Zs

I, =
Jis DOCTPOEHUA BEKTOPHOH THATPAMMBI PACCUHTACM HAIIPAIKCHHA:
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QNM = Q% =0 Z,;
QNM HQ@J HFNMM
Q__F HwNANM +Zs)

Bekropuyio TonorpadMuecKyro DHArpaMMy HANPSKEHHH, COBMEIeH-
HYIO ¢ BEKTOPHOH JHATpaMMOH TOKOB, CTPOMM IJIsl YTIPOIIEHHOH cXe-
MEL (cM. pHe. 12). Ona npusenena Ha puc. 13. Kak cnexyer w3 gwa-

TpaMMEL, TOK /, B BeTBH ¢ CONPOTUBJIEHWEM 7., COBIIAfacT mno dase ¢

=2

obmmM HanpaxeHneM BeTBH Uyy.

Pezonanc moxos

Tereps paccMOTpHM, Kak CO3[aTh PEXKUM pE30HAHCA TOKOB Ha yda-
cTke K—E B BETBAX C COMPOTHRIEHUIMH Z, U Z . 3pecs Z, — co-
NPOTUBIIEHNE JOMONHHUTEILHON NapajuleNsHOH BeTBH, 00ecTeurBaro-
Iee PeXUM Pe30HaHCa TOKOB JUTS JABYX BETBEH ¢ COIIPOTHBIEHWIMH
Z, wu Z, (puc. 14).

R Koy K mw “ Xes
%u X, 6
U ¥ M X,
L2 h Mo
1 “
i E

Puc. 14. Cxema, COOTBETCTRYIOMAH PEKUMY
PEe30HaHCa TOKOB

Ilpu pesoHaHCEe TOKOB paccMaTpHBAEMBbIH yuacTok uenu K—F c
anemeHTaMu R,, L,, Cs o/bkeH OBITE aKTHBHBIM, TIPH HTOM JIOJDKHO
BBIIIOJHATECH COOTHOINEHHE

Y HJ\QNM +(By, Iwmmvm =Gy,
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X, 1
B+ X2 X
2 2 “tce
ITockoneky TpeByeTcs NPOBECTH aHATH3 PEKIMA LIEMH TONLKO T
ABYX BETBEH C CONPOTUBNICHUAMH Z, W Z, YIOBHO BOCIIOIB30BATHCS

T. € By, =B.,, um

METOLOM SKBUBANICHTHOIO reHeparopa. COOTBETCTBYIOWAN CXeMa TIpH-
BEZleHa Ha puc. 15,

e |
¥
.

K

Zs

=
v

2
!

i
|
[

E

Puc. 15. Hcnonszoranme Merona skewea- Pue. 16. BexropHast auarpaMMa
JICHTHOTO TEHEPaTOpa JUTA pacdera CXeMbl TOKOE W HATIPSOKSHWH Npyu Hamm-
IpH HAMIWH B HEl peXUMa pe3oHaHca YHH B cXeme pexmMa pesoHaHca
TOKOB TOKOB

IKBHUBAJICHTHOI'O TE€HEpaTopa OIpelelleHbl

-3

3Hawenus £, w Z
panpie. CyMMapHBINH TOK JBYX BeTBei /, =1, +1I, BBYUCIIEM IO
thopmyme

3mech Zy S
e =

Hnst moeTpoenus BEKTOPHOH QMarpaMMBl PACCHHTAEM TOKH I, u
{s . Buavane onpenienam Uy, = 1, Z,, M 3aTeM OTHETHEHO KAMKIBIHA TOK:
Ugs . Ugg

i=Yre. j _Use
g P 2
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Bekropuyto Tonorpaduueckyio quarpaMmy HanpsxeHMii, coBMeIeH-
HyiO ¢ BEKTOPHOH JMarpaMMOH TOKOB, CTPOMM JUisi YIIPOLIEHHON CXe-
MBI (cM. puc. 15). OHa nipescrapnena Ha puc. 16. C moMoursio MocTpo-
CHHOH /IHarpaMMbl JIerkO O0BACHMTE HAlMUME B CXEME peKUMa
pe3oHaHca TOKOB (pHcC. 15).

KOHTPOJLHBIE BOITPOCKHI

1. Cdhopmynupyiire 3akonsi Kupxroa u ofbsacuute npasuma co-
CTABJICHUA CHCTEMbl YpaBHEHMI Mo saxkoHaMm Kupxroda mis pacuera
CXEMBI, IPHBEIEHHON Ha puc. 14,

2. Meroy skBHBaJeHTHOro reHepatopa. OGBACHATE MOCIENOBA-
TEJIbHOCTh pacdera Toka /; B cxeme (cM. puc. 11) ¢ ucnonp3oBannem
METOoJa SKBMBAJICHTHOIO IeHepaTopa.

3. Ypaenenne OGamanca MOIIHOCTEH /1 LENH CHHYCOMNAIEHOTO
ToKa. OGbacuMTe TPaBHia COCTABIEHMs YPABHEHHS 0ajanca MOIHO-
CTE#i U1 CXeMbl, NPUBEJeHHON Ha pue. 11.

4. ObpacHUTE NOPSIOK pacuera M MOCTPOGHUS IOTEHLHATLHOM
(Tonorpaduteckoit) nuarpaMME! 7S CXEMbl, TPUBEAEHHOMH Ha puc. 4.

5. Pexxum pesonanica HAIpPSKeHWHA: Onpeaenenye, CBOMCTBA [Enw,
BEKTOpHas guarpamma.,

6. PoxuM pe3soHaHCAa TOKOB: ofpeneneHme, CBOMCTRa IEIM, BEK-
TOpHAas HarpamMma.

7. O0ObscHHTE, KAK PACCUMTATH [IOKA3AHUS TPUGOPOB (amnoepmerpa,
BONBTMETPA, BATTMETPA) B CXEMe, IPHBEIEHHO Ha puc. 6.
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IIpodondicenue mabn. IT1

§¢

Ba- U Z 4 Z3 Zy
pa- | U, | Wy | R, Ly, Gy, Ry, Ly, s, R, L, G, Ry, Ly, Cs,
aHT | B | rpag | Om mlH Mr® Om Ml'H MK® Om MIH Mk® Om mlH MK
16 | &0 0 3 1592 | 353,86 | 12 | 28,66 — 8 — 530,79 20 — 212,31
17 | 80 | 30 9 38,22 — 18 — 132,70 9 — 265,39 24 | 5732 -
18 | 80 | 45 10 | 63,69 | 31847 | 3 15,92 | 353,86 | 20 — 159,24 6 — 398,09
19 | 80 | 60 30 — 106,16 | 20 | 63.69 — 8 38,22 796,18 12 e 353,86
20 | 80 90 8 19,11 — 40 | 127,39 — 8 19,11 265,39 50 — 63,694
21 | 90 0 20 — 15924 | 60 — 53,08 60 | 9554 — 20 | 95,54 —
22 1 90 | 30 30 — 79.62 60 — 39,809 | 50 | 9554 — 30 | 159,24 —
23 1 90 | 45 40 | 95,54 — 80 | 254,78 — 80 | 191,08 — 20 | 63,69 39,809
24 190 | 60 70 | 222,93 — 20 — 39,809 | 40 | 127,39 — 40 — 39,809
25 190 | 90 24 | 5732 — 18 — 132,70 | 16 | 38,22 — 12 | 57,32 —
26 100 O 15 | 63,69 — 4 2548 | 63694 | 9 38,22 — 6 — 398,09
27 | 100 30 9 — 265,39 | 12 — 353,86 | 24 — 176,93 18 | 76,43 —
28 | 100 45 6 25,48 — 12 — 199,04 3 28,60 636,94 9 47,77 1061,57
29 [ 100 | 60 9 — 265,39 6 25,48 — 8 19,11 — 4 — 1061,57
30 | 100 90 4 — 1061,57 | 16 38,22 — 6 25,48 — 3 — 796,18
31 (1104 O 3 — 530,79 | 16 | 63.69 | 398,09 8 31,85 796,18 — 398,09
32 | 110 30 12 | 50,96 — 20 — 212,31 15 - 159,24 12 — 353.86
33 (110 45 12 | 5096 — 18 — 132,70 | 24 | 5732 - 15 — 159,24
34 (110 60 8 — 530,79 | 28 | 66,88 — 32 | 7643 — 9 — 265,39
35 | 110 90 8 19,11 — 32 — 132,70 { 24 | 101,91 — 16 | 38,22 —
Ilpodonxcenue maén. I11
Ba- U Z £ V4 Zs
pu- 4 U Wy | R, Ly, C, R, Lo, C,, R, Ls, G5, R, Ly, Cy,
auT | B | rpax | Om Mlw MKP Om MlH MED Om Ml MKD Om MlH MKD
36 1200 O 12 — 353,86 6 3822 | 530,79 | 24 — 176,93 21 89,17 —
37 | 120 30 12 | 28,66 e 6 — 398,09 | 20 | 47,77 — 12 | 2866 —
38 | 120 45 9 38,22 — 24 1 101,91 — 20 — 159,24 6 2548 —
39 | 120 60 12 50,96 — 16 38,22 -— 16 — 199,04 9 38,22 —
40 | 120| 90 9 38,22 — 16 — 263,39 | 16 — 199,04 12 | 50,96 —
41 | 130 0 20 — 212,31 3 1592 | 353,80 | 12 | 28,66 — - 530,79
42 1 130| 30 24 | 5732 — 9 38,22 — 18 — 132,70 — 265,39
43 | 130 | 43 6 — 398,09 | 10 | 63,09 | 31847 3 15,92 353.86 20 — 159,24
44 1130] 60 12 — 353,86 | 30 —_ 106,16 | 20 | 63,69 — 8 38,22 796,18
45 1130 90 50 — 63,694 3 19,11 — 40 | 127.39 — 8 19,11 265,39
46 | 140 0 20 | 95,54 — 20 — 15924 | 60 — 33,079 60 | 95,54 —
47 [ 140| 30 30 | 15924 — 30 — 79.62 60 — 39,809 50 | 9554 —
48 | 140| 45 20 63,69 79,62 40 | 9554 — 80 | 254,78 — 80 | 191,08 —
49 | 140| 60 40 — 39,809 | 70 | 222,93 — 80 — 39,809 40 | 127,39 —
50 | 140( 90 12 50,9 — 24 57,32 - 18 — 132,70 16 | 3822 —
51 | 1501 0 20 | 47,77 — 24 | 5732 — 80 — 39,809 80 | 191,08 —
52 | 1501 30 9 — 265,39 4 2548 | 636,94 | 18 -— 132,70 40 | 127,39 —
53 | 150 45 6 2548 — 12 — 353,80 9 38,22 — 16 | 3822 —
54 | 150 60 9 — 265,39 | 12 — 199,04 | 24 — 176,93 6 — 398,09
55 |150) 90 4 — 1061.57 | 6 25,48 — 3 28,66 636,94 18 | 76,43 —
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Lipodonxcenue maon. 111

LT

Ba- U A Z 2 Z4

pa- | U | Wy | Ry, Ly, Cy, Ry, Ly, Ca Ry, L, Cs, Ry, Ly, Cy,

air | B | rpax | Om MlH MmrdD Oum mlH Mx@P Om mlH MD Om mlH Mi®

56 | 160 0 8 — 530,79 | 16 | 3822 — 8 19,11 - 9 47,77 1061,57

57 1160} 30 12 | 5096 — 16 | 63,69 | 39809 | 6 25,48 — 4 — 1061,57

58 |160| 45 16 | 3822 — 20 — 212,31 8 31,85 796,18 3 — 796,18

59 | 160 60 8 — 530,79 | 18 — 132,70 | 15 — 159,24 6 — 398,09

60 | 160 | 90 6 25,48 - 28 | 66,88 — 24 | 5732 — 12 — 353.86

6l | 170 O 12 — 353,86 | 32 — 132,70 | 32 | 7643 — 15 — 159,24

62 |170| 30 12 | 28,66 — 6 38,22 | 530,79 | 24 | 101,91 — 9 — 265,39

63 | 170 | 45 9 38,22 — 6 — 398,09 | 24 e 176,93 16 | 3822 —

64 |170| 60 12 | 5096 — 24 | 101,91 — 20 | 4777 — 21 | 89,17 —

65 | 170 90 9 38,22 — 16 | 3822 — 20 —_ 159,24 12 | 28,66 —

66 | 180 0O 20 —_ 21231 | 16 — 265,39 | 16 — 199,04 6 25,48 —

67 | 180 30 | 24 | 3732 — 3 1592 | 35386 | 16 | 35096 — 9 38,22 —

68 [ 180 45 6 — 398,09 9 38,22 — 12 | 28,66 — 12 — 199,04

69 1180 60 12 — 35386 | 10 | 63,69 | 31847 | 18 — 132,70 8 — 530,79

70 {180 90 | 50 — 63,694 | 30 — 106,16 | 3 15,92 353,86 9 — 265,39

71 | 190 0 20 | 9554 — 8 19,11 — 20 | 63,69 — 20 — 159,24

72 1190| 30 | 30 | 15924 — 20 — 159,24 | 40 | 12739 — 8 38,22 796,18

73 1190 45 | 20 | 63,69 79,62 | 30 — 79,62 | 60 — 53,079 8 i9.11 265,39

74 1190 60 | 40 — 39,809 | 40 | 9554 — 60 — 39,809 | 60 | 95,54 —

75 | 190| 90 12 | 5096 — 70 | 222,93 — 80 | 254,78 — 50 | 95,54 —

IIpodonxcernue mabn. 111

Ba- U VA Zn Z Zy
pE | U, | Yy | R L, Gy, Ry, Lo, s, Ry, L, & Ry, Ly, Ca
ait | B | rpag | Om Ml'H M@ Om mMIH MrD Om MI'H Mrd Om MlH MrD
76 [200] 0 6 — 398,09 | 16 | 38,22 — 80 — 39,809 | 40 | 95,54 —
77 1200 30 9 — 20539 | 15 | 63,69 — 18 — 132,70 | 70 i 222,93 s
78 1200 45 6 25,48 — 18 | 76,43 — 9 38,22 — 24 — 176,93
79 1200| 60 9 — 26539 | 9 47,77 | 1061,57 | 24 — 176,93 4 2548 636,94
80 (200 90 4 — 1061,57 | 4 — 1061,57 | 3 28,66 636,94 12 — 353,86
81 (210 0O g — 530,79 | 3 — 796,18 8 19,11 — 12 — 199,04
82 | 210 30 | 12 | 5096 — 6 — 39809 | 6 25,48 o 6 25,48 —
83 [210| 45 12 | 50,96 — 12 | 28,66 — 8 31,85 796,18 16 | 3822 —
84 (210 60 | 28 66,88 — 15 — 159,24 | 15 — 159,24 16 | 63,69 398,09
85 (210} 90 8 — 530,79 | 32 | 76,43 — 24 | 3732 — 20 — 21231
8 (220 O© 12 — 353,86 | 16 | 38,22 — 9 38,22 — 18 — 132,70
&7 1220 30 12 | 28,66 — 21 89,17 — 24 | 101,91 — 8 — 530,79
88 (220 45 9 3822 — 12 | 28,66 — 24 — 176,93 32 — 132,70
89 220| 60 12 | 50,96 — 6 25,48 — 20 | 47,77 — 6 38,22 530,79
S0 | 220 90 | 16 — 26539 | 9 38,22 — 20 — 159,24 6 — 398,09
91 |230| 0 20 — 21231 | 9 — 26539 | 16 - 199,04 | 24 | 101,91 —
92 1230 30 | 24 | 5732 — 8 - 530,79 | 16 — 199,04 16 | 3822 —
93 (230 45 6 — 398,09 | 9 — 26539 | 12 | 28,66 — 12 | 50,96 —
94 |230| 60 12 — 353,86 | 20 — 159,24 | 18 — 132,70 3 15,92 353,86
95 1230 90 | 50 — 63,694 | 8 3822 | 796,18 | 3 15,92 353,86 9 3822 —
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96 |240| O 20 05,54 — 8 19,11 265,39 | 20 63,69 — 10 63,69 318,47
97 |240{ 30 40 159,24 — 60 95,54 — 40 127,39 — 30 — 106,16
98 | 240 | 45 20 63,69 79,62 50 127,39 — 60 — 53,079 8 19,11 —
99 1240| 60 40 95,54 | 39,809 | 80 191,08 — 60 — 39,809 20 — 159,24
100 | 240 | 90 12 57,32 — 40 127.39 - 80 | 254,78 — 30 — 79,62
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