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L[GJIHMI/I HU3Yy4YCHUA JUCHUIIINHBI «Teopm[ QJICKTPUICCKUX LICHeu» SIBIISIOTCS
OBJIaJICHUC COBPECMCHHBIMH MCTOAAMH aHAJIn3d, CUHTC3a U pacdcTa SJICKTPUUICCKUX
HCHCI\/'I, MCTOAaMHU MOJACIUPOBAHUA W HCCICAOBAHHA Pa3JIMYHBIX PCKUMOB

QJICKTPUYCCKHUX LICHCfI Ha KOMIIBIOTCPAX.

JlabopatopHas padora Nel

NCCIENJOBAHME BHEITHNX XAPAKTEPUCTHUK
NCTOYHHMKOB SJIEKTPUYECKOU SHEPI'MU

HEJb PABOTBI

CHsTHE BHEIIHHUX XAPAKTCPUCTUK HNCTOYHUKOB HAIIPAIKCHUA HW TOKaA u
ONIPCACICHUC MTAPpaMCTPOB UX CXCM 3aMCUICHUA.

1. MOATOTOBKA K JABOPATOPHOM PABOTE

M3yuute nutepatypy [l1], KOHCHEKT JEKIUMA IO JaHHOM TeMe U
TEOPETHYECKYIO YaCTh J1Ja00OpaTOpHOI pabOTHI.

HcTOUYHMKM 3IEKTPUYECKON PHEPTUHM NENATCS HAa UCTOYHMKH (TE€HEepaTOophl)
HaIPSDKEHUS W HUCTOYHUKHU (Te€HepaTopbl) TOKAa. B 3aBHCUMOCTH OT HAJIMYUS
NOTEPh SHEPIrUM BHYTPU MCTOYHUKA pa3IUYalOT HACAIbHbIE W pPeajbHbIC
WUCTOYHUKHU. Y UJI€ATbHOTO UCTOYHHKA TOTEPU BHYTPU CAMOI'0 MCTOYHHKA DPaBHbI
HyJ110. [Io3TOMYy BHYTpEHHEE CONPOTUBICHUE UACATLHOIO UCTOYHNKA HAMIPSIAKECHUS
PaBHO HYJIIO U HANpPSDPKEHHE Ha €ro BHEUIHUX 3aKMMax HE 3aBHUCHUT OT HArpy3KH,
MOAKIIOYEHHOW K 3THUM 3aXXUuMmMaM. BHYTpEHHEe CONPOTHUBJICHUE HJE€aTBHOTO
UCTOYHMKA TOKa pPaBHO OCECKOHEYHOCTH (COOTBETCTBEHHO  BHYTPCHHSS
MPOBOJMMOCTh, HCTOYHHKA paBHA HYJII0) W IMOITOMY TOK 3TOrO MCTOYHHKA HE
3aBUCHUT OT Harpy3KH, MOJKIIOUYECHHON K 3a)KMMaM UCTOYHHUKA.

B peanbHBIX HCTOYHHMKAX HMMEIOTCS TMOTEPU SHEPTUUM BHYTPHU CaMOTO
WCTOYHHWKA W TO3TOMY HAlNpsHKEHUWE Ha 3aKMMax peajbHOTO HMCTOYHHMKA
HANpPSDKEHUST U TOK, T€HEPUPYEMBIM pPEAJbHBIM HCTOYHUKOM TOKA, 3aBUCAT OT
CONPOTHUBIICHUS HATPY3KH, TOJKIIOUCHHON K UX BHEIITHUM 32KUMaM.

PeanbHbIli MCTOYHHUK HAMPSHKEHUS MOXKET OBITh MPEJACTABIICH B BUJIE CXEMBbI
3amerieHuss (puc. 1), cocrosiied W3 HACATBHOIO HMCTOYHMKA HANPSHKCHUS U
BKJIIOYEHHOT'O TIOCJIEIOBATENIbHO C HHUM pPE3UCTOpa C CONpoTUBIEHUEM R,
Ha3bIBAEMOTO BHYTPEHHHUM COMPOTUBICHUEM UCTOYHHUKA HAMIPSIKECHUS.

Puc. 1. Cxema 3amenieHus: peaibHOrO UCTOYHUKA HAMPSIKEHUS
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Ha npakTtuke mpenmnosnararoT, 4TO peajbHbIA UCTOUHHK HAMPSKEHUS MOXKHO
CUUTATh WJICAJIbHBIM, €CJIM €r0 XapaKTEPUCTUKH OTIIMYAIOTCA OT HWJCaJbHBIX HE
6osee yeM Ha 10%, a 3TO BO3MOXXHO B Clly4yae, €CJIM BBINOJHSIETCSA CleIyIolee
COOTHOIIEHHUE MEXJYy BHYTPEHHUM COINPOTUBICHUEM pealbHOTO MCTOUHMKA Ri u

COMPOTHUBIICHHEM Harpys3ku Ru:
Ri <0.1Ru 1)

JUist CHATHA BHEUIHEN XapaKTEPUCTUKU PEaJTbHOTrO UCTOYHHKA HANPSXKEHUS U
OIIpENIENICHUs] TapaMETPOB €ro CXEMbl 3aMELIEHUSI HEOOXOAMMO cOoOpaTh CXEMYy,
IIPUBEJICHHYIO Ha pUC. 2.

—E@—?—
Eifj

()
U

Puc. 2. Cxema nsist onpeiesieHUs! BHEITHEN XapaKTepUCTUKU
pEaNbHOTO UCTOYHHUKA HATIPSIKEHUS

C moMolbl0 Mara3uHa CONpPOTHUBIICHUN BEIWYUHY Ry MOXKHO M3MEHATH B
HIMPOKUX TIpeaenax. Eciu conpoTuBieHne Harpy3ku OTKIIOYUTD (R = 00), TO TOK
B 1leny OyaeT OJU3KUM K HYJII0, TaK KaK BXOJIHOE CONMPOTHBJIECHUE BoIbTMETpa V
OYEHb BEJIMKO (eAUHULIBI U AecATKH MOM) U TOKOM B €r0 BXOJHOM LIEMHA MOKHO
npeHeOpedb. B 3TOM citydae BOJBTMETP MOKA3bIBACT HAMPSDKEHHUE XOJIOCTOTO XO/Aa
Uxx, YUCIIEHHO paBHOE 3. JI. C. UICTOYHUKA HanpsikeHust E:

Uxx=E (2)

Ecin comnpoTtuBneHue Harpy3ku Ru ymeHbIarb, TO TOK B LENH OyIeT
BO3pacTaTh, NAJEHUE HAMNPSHKEHUS Ha BHYTPEHHEM CONPOTUBICHUH OyHeT
YBEJIMYMUBATHCS, & HA HATPy3Ke HAMPSHKEHHE OYJET YMEHBIIATHCS B COOTBETCTBUU
C BBIPAKCHUEM:

Us=E- I'R; 3)

Ecnu  compoTuBieHue  HArpy3kd  cAeiaTh  paBHbIM  BHYTPEHHEMY
COMNPOTHUBIICHUIO UCTOYHUKA, TO HampsbkeHue Uxx OyAeT MOpOBHY pacnpeiesieHO
Mexay Ri m Ry u Takum o00pa3oM MOXKHO ONpENeIuTh BEAMYUMHY R
sKcnepuMeHTalbHO. ClieoBaTeIbHO CONPOTHUBJIICHUE HArPY3KH, IMPU KOTOPOM
MaJCHUE HanpsbKeHUs: Ha HeMm cocTaBisieT 0,5E, 4HCIeHHO paBHO BHYTPEHHEMY
CONPOTUBIICHUIO UCTOYHMKA HamnpspkeHus. Ecnu momoOpaTh conpoTuBiieHHe Ry,
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npu kotropoMm Uy = 0,5E (mepemeHHOE CONpOTUBIIEHNE, TOKIIOUEHHOE K 3aKHUMaM
UCTOYHHUKA, MOXET U3MEHAThCS TOJBKO C ONpPENEJCHHBIM IIAaroMm), He
MIPEACTABIACTCA BO3MOXXHBIM, TO HYKHO MOAOOpaTb TaKOE COMPOTHUBICHHUE
Harpy3ku, npu kotopom Uy makcumaneHo npuOnusutcs k 3HadeHuto 0,5E, u
BBIYMCIUTH Ri o gpopmyuie:

1 H
H

Bunewnen v Hazpy30uHoOU XapakmepucmuKou WCTOYHUKA HANPSKEHUS
HAa3bIBAIOT 3aBUCHUMOCTH HAIPSDKEHUS HA €ro 3aKUMax OT TOKa, MPOTEKAIOIIETO
yepe3 ATU 3aKHUMbl. BHEIHSS XapakKTEepUCTUKA PEAJIbHOIO0 HUCTOYHHKA
HarpspKeHust (puc. 3) MOXKeT ObITh MPUOIMIKEHHO TIPEJCTaBlIieHa B BUJE MPSMOU
JIMHUM, TPOXOJSIIEH dYepe3 IB€ TOYKHU:

- TOYKY, COOTBETCTBYIOUIYIO PEXXHMY XOJOCTOTO X0/, MPU KOTOpoM: Ry = oo
I =0, U= Ux,

- ¥ TOYKY, COOTBETCTBYIOIIYIO PEKUMY KOPOTKOTO 3aMbIKaHUsI, IPU KOTOPOM:
Ru=0,U =0, | = l,s. (3HaueHue l; Ha3bIBa€TCS TOKOM KOPOTKOTO 3aMbIKAHUS ):

AU

Uxx

-
0 Txr

Puc. 3. I'paduk BHeNIHEN XapaKTEPUCTUKHU
pEaIbHOTO NCTOYHUKA HAIPSKEHUS

PeanbHBIE MCTOYHMK TOKAa MOXET OBITH IPEJCTABICH B BHJE CXEMBI
3ameleHus (puc. 4), COCToAIICH U3 HUICATbHOTO UCTOYHHUKA TOKA M MapaJIesIbHO
BKJIIOUEHHOT'O C HUM PE3UCTOpa C MPOBOAUMOCTHIO Gi, Ha3bIBaeMOW BHYTpEHHEH
MPOBOJMMOCTBHIO UCTOYHUKA TOKA.

J

G,

1

-] o

Puc. 4. Cxema 3amenieHust pealbHOr0 UCTOYHUKA TOKa

Ha npakTtuke npenmosararoT, 4TO peaibHbId ICTOYHUK TOKA MOKHO CUUTATh
Wi bHbIM, €CJIM €ro XapaKTePUCTHKU OTIMYAIOTCI OT XapaKTEPUCTUK
WJIeIbHOTO MCTOYHUKA He Oosiee yeM Ha 10%, a 3TO BO3MOXHO B Clyd4ae, €CIIu
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BBITNIOJIHSAETCS CJIEAYIOIIEE COOTHOUIEHUE MEXAY BHYTPEHHEH NPOBOJUMOCTBIO
peanbHOro UcToyHuKa Gi U MPOBOJAUMOCTBIO HArpY3KH Gy:
Gi <10 Gy 5)

BHemHsAg XxapakTepucTUKa peaJbHOr0 MCTOYHMKA TOKA YCTaHaBIMBAET CBA3b
MEXIYy HaIlpsOKEHUEM U TOKOM Ha €r0 3aKMMAaX W ONpEeNeNsieTcs aHaJOTU4YHO
(puc.5) BHeEWHEH XapakTEPUCTHKE pEaJbHOTO HCTOYHHMKA HANpsDKEHUsA. OJTa
XapakTepucTuka (puc. 6) UMeeT Takol ke BHUJ, KaK W BHEIIHSS XapaKTepUCTUKa
peanbHOr0 MCTOYHMKA HamnpsbkeHus. Eciu  nomoOpath Takoe 3HayeHUE
COMPOTHUBIICHUS HArpy3KH Ry, MPU KOTOPOM TOK, MPOTEKAIOIIUNA Yepe3 Harpy3Ky,
oyner pasen 0.5 J, To torma Gi = Gy = 1/ Ry, T.e. BHyTpEHHSI MPOBOJUMOCTD
(compoTHBIIEHHE) UCTOYHUKA TOKAa Oy/AET paBHA MPOBOJAUMOCTHU (COMPOTHUBICHUIO)
Harpy3ku. Tak  MOXHO  DKCIEPUMEHTAIbHO  ONPENETUTh  BHYTPEHHSS
npoBOAUMOCTb Gi  MCTOYHHUKA TOKa.

J

—T 1+
G,

()
N

Puc. 5. Cxema Ji1s1 onpeiesieHHs BHELTHEN XapaKTepUCTHKU
pealbHOr0 UCTOYHHKA TOKA

AU

Uxx

1
0 o

IK3

Puc. 6. I'paduk BHEIIHEH XapaKTEPUCTUKH
pEAIIbHOTO HCTOYHHUKA TOKA

2.3AJIAHUE HA BBITIOJTHEHUE JIABOPATOPHOM PABOTHI

2.1. CHsiTHe BHElIHEH XapaKTePUCTHKHN UCTOYHUKA HATIPSKEHHUS C
MOMOUIbI0 YHHBEPCAJBHOI'0 JIA0OPATOPHOIO CTEH/IA

2.1.1. lToaroroBka cxeMbl JIA0OPATOPHOH YCTAHOBKH

JIns CcHATHS BHEWIHEW XapaKTEepUCTUKWM HWCTOYHHMKA HamnpsbkeHuss E1 ¢
MOMOIIIbI0 YHUBEPCAJIBHOIO JIA0OPATOPHOTO CTEHJA, HAa HEM HYKHO coOpaTh
CXeMy, NpHMBEIEHHYI0 Ha puc. 7. KieMmbl Mmarasuna compotuBiaeHuid R,

6



COCAUMHUTH C BBIBOAAMM MCTOYHHMKA M  [APAJUICIIBHO K HUM  IOAKIIIOYUTH
BonbT™MEeTp V. Ha wMara3uHe CONPOTHUBIEHUA YCTaHOBUTH MEPEKIIOYATEh
BEJIMYMHBI COMPOTHUBIICHHS B MOJOKEHUE 0. BKIIIOUUTH MUTaHUE J1aOOPaTOPHOTO
cTeHaa U BoJbTMETpa. [Ipu 3TOM BosbTMETp V MOKaXKET HAPSHKEHUE XOJIOCTOTO

xoma: Ux = Uxx = E. 3HaueHus compoTuBieHHS Harpy3ku U HampsokeHHs Uy
3aHecTH B Ta01. 1.

T'enepartop

-] -]

Puc. 7. Cxema nmabopaTopHOl yCTaHOBKH JIJIS ONIPEICTICHUs BHEITHEH
XapaKTEPUCTUKU UCTOYHUKA HAMIPSKEHUS

2.1.2. Ilopsinok nmpoBeaeHU s IKCIIEPUMEHTA

N3menss nepekinroyaTenemM mMara3uia Ry 3HaueHUEe CONpPOTUBIICHHS HArpy3Ku
OT MaKCHMAaJIBHOTO 0 MUHUMAJbHOTO, (PUKCHUPOBATH 3HAYCHUSI COMPOTHBICHUS U
M3MEPEHHOTO HaMpsHKeHUs. Pe3yapTaTel U3MEpEeHH 3aHeCTH B Ta0OI. 1.

Tabauma 1
ITepBrbIi1 ICTOYHUK Bropoii nctouHnk TpeTnii ICTOUHUK
N3mepenus Pacuer N3mepenus Pacuer N3mepenus Pacuer
Rv,Om | U, B I, MA Ryv,Om | U, B I, MA Rv,Om | U, B I, MA
Ri = Ri = Ri=




[lonkno4unTh K MarasuHy conpoTuBieHud Ry ucrounuk Hanpsokenust E2. o
3aJJaHUIO MPETIOAABATEII] YCTAHOBUTH HA BBIXOJ€ UCTOYHUKA B PEKUME XOJIOCTOIO
X0Zla HEOOXOJUMOE HANpPSIKEHUWE U 1O AHAJOTUMU BBHINOJHUTH TaKHUE XKe, Kak B
nyHkte 2.1.2. u3mepenus. IlonydeHHble pe3ynbTaThl 3aHECTH B Ta0I. 1.

BkimtounTh nuTaHue reHepaTopa, YCTAHOBUTH HA HEM YacTOTy frew =5 k[ m
BbIXOJHOE HampskeHHEe Uren xx = 3B. Iloakmrodyuts reHepaTtop K MarasuHy
CONPOTHUBIICHUI U BBIOJHUATH TAKHE KE U3MEpPEHNUs, Kak B m.1m.2.1.2. Pe3ynprarsl
3aHecTH B Tadu. 1.

3. OBPABOTKA PE3YJIbTATOB U3MEPEHU

O6paboTka pe3ynbTaTOB U3MEPEHU, MOTYUEHHBIX B MPOIIECCE IKCIEPUMEHTA
Ha J1a0OPATOPHOM CTEHJIE, IPOU3BOJIUTCS B CIAEAYIOIIEM MOPSIIKE.

1. Bbrumcnsercs 3HAYCHHE TOKa IS KaXKIOTO W3 HM3MEPEHHUS TpHU
MCCJICIOBAHUN MCTOYHUKOB HampsikeHus. [lomydeHHbIE pe3yabTaThl 3aHOCATCS B
tadn. 1.

2. Haﬁ}leHHOC SKCIICPUMCHTAJIbBHO WX PACCUUTAHHOC 3HAYCHUC BHYTPCHHCT O
COIMPOTHUBJICHHUA KAXKI0T'0 HCTOYHNKA HAIIPAKCHHUA 3aHOCHTC B Tabmn. 1.

3. Crpostcst rpaduku Harpy3ounbix xapaktepuctuk U = f(l) u U = f(R) ans
Ka)KJI0T0 HCTOYHUKA HATIPSDKCHUSI.

4. OmnpenensieTcss 3HaYEHUE HATPY30YHBIX COIMPOTHUBICHUM, MPU KOTOPHIX
KaXXIIbIii HICTOYHUK HANIPSDKEHUS SIBJISIETCS MPAKTUYECKU UCATbHBIM.

5. Tlo pe3ynbrataM W3MEpPEHUN W BBIYUCICHUU OMNPEIEISIIOTCS MapameTpbl
CXEMBbI 3aMEIEHUS KaXI0T0 U3 UCCIEyeMbIX HCTOYHHUKOB HAMIPSIKEHUS.

ITo pesynpraTaMm J1abOPaTOPHOTO  HCCIICAOBAHUSA  HCTOYHHUKOB  TOKa
OMPEESICTCS MapaMeTPbl CXEMbl 3aMEIIEHHUs KaXIO0r0 HCTOYHHMKA TOKAa: €ro
BHYTPEHHSII TPOBOJAMMOCTh M TOK HICalbHOTO HCTOYHHMKA J.  HaiimeHHble
mapaMeTpsl 3aHOCATCS B Taba. 3. Jlamee cTposTcs TpadUKH HArpy304HbBIX
xapaktepuctuk ln = f(U) u  |lu = f(R4) a1 kakmoro u3 HMCTOYHHUKOB U
OIPEICIIAIOTCS 3HAYCHHE HATPY30YHOTO COMPOTUBIICHHUS, TIPH KOTOPOM KaXKIbIH U3
HHUX CUNTACTCS MPAKTUUICCKH HIACATBHBIM.

4. COAEP KAHUE OTYETA

OT4eT NOoJKEH COIEPKATh:

- HANMCHOBAHUE W TIeTTb PaOOTHI;

- CXeMBI HCCIIC/IOBAHMSI BHEIITHHX XapaKTCPUCTHK HA CTCHJIC U Ha KOMITBIOTEPE;

- TAOJIUIIBI PE3yJTBTATOB U3MEPCHUN,

- pacueThl TOKOB B IICIISIX;

- rpa¢pukn  BHemHuX xapakrtepucthk U = f(I) ¥ U = f(R) ucrounukos
HANPSDKEHUS, TIOJTYICHHbBIC Ha TaOOPaTOPHOM CTCH/IE;

- 3HAYCHHSI HArPY30YHBIX COMPOTUBIICHUN ISl KaXKJIOr0 MCTOYHHUKA, IIPH KOTOPHIX
WCTOYHHKY HANPSHKCHHUS M TOKA MOYKHO CUMTATh UJICATbHBIMU;
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- mapamMeTpbl CXEeM 3aMElICHUS UCCIEIYEMbIX HCTOYHUKOB HANPSKEHUS U
TOKa;

- BBIBO/IBI.

5. KOHTPOJIBHBIE BOIMPOCHI JJIAA JOITYCKA K
JABOPATOPHOM PABOTE

1. Kakve MCTOYHMKMU HJIEKTPUUYECKOM HHEPIUM HA3BIBAIOTCS HCTOUYHHUKAMHU
HaIpsDKeHUs, KaKue UCTOUHMKAMH TOKa?

2. B dYem oTauuyMe HE3aBUCHMOIO HCTOYHHKA OT  3aBUCHMOTO
(ynpasinsiemoro)?

3. B uem oTnuuune uaeanbHOro UCTOYHUKA OT PEeaIbHOTO?

4. CKOJIBKO THUIIOB yMPAaBISIEMbIX HICTOUHUKOB CYIIECTBYET, IEPEUUCTUTE UX?

5. CKONBKO M KaKHe DJIEMEHTHI COJECPXKUT CXeMa 3aMEIICHUS HJeaJbHOTO U
peaTbHOTO UCTOYHUKA HAIPSIKEHUS U TOKa?

6. CKOJIbKO U KaKHUE€ JIEMEHTBI COJEPKUT CXeMa 3aMEIIeHUs KaXI0ro U3
yIpaBIsieMbIX HICTOUHUKOB?

7. Kak npou3BecTy 3aMeHy UCTOUYHHUKA HAMPSHKEHUSI SKBUBAJIICHTHBIM
MCTOYHUKOM TOKa U HA000pOT?

8. Kakast xapakTepucTiKa HCTOYHHUKA HA3bIBAETCS BHEITHEH U KaK ee
OnpeAesitoT?

9. Kakue xapakTepuCTUKHN Ha3bIBAIOTCS JIMHEAPU30BAHHBIMU ?

10. Kakue xapakTepHble TOYKU €CTh Y BHEITHEH XapaKTEPUCTUKH UCTOYHHKA
ANEKTPUYECKON dHEprun?

11. Kak ycTaHOBUTH pPEKHUM XOJIOCTOTO X0OJa UM KOPOTKOTO 3aMbIKaHUS Ha
BBIXO/I€ NUCTOYHUKA?

12. Kak onpenennTs BHELIHIOIO XapaKTEePUCTUKY UCTOYHUKA HAIIPSKEHUS
(Toka)?

13. Kak onpenenuTs napaMeTpbl CXeMbl 3aMEIEHNS] ICTOUHHUKA HAIIPSKEHUS
(TOKa) pacueTHBIM IyTEM U IKCIIEPUMEHTAIBHO?

14. Kak paccuuThIBaeTCsl MOIIHOCTH, BhIpabaThiBaeMasi WM MOTpeOsemMas
HMCTOYHUKOM MOCTOSSHHOTO (MIEPEMEHHOT0) HANPsIKeHUs (ToKa)?

15. MosXeT JIn UICTOYHUK HaIpsKEeHUs (TOKa) HE TeHEPUPOBATh, a MOTPEOIAThH
SHEPruro?

16. Kakyro MOILIIHOCTb FT€HEpUPYET UCTOUHUK IMOCTOSIHHOTO (IIEPEMEHHOTO)
HaIpsbKEeHUs (TOKa), B KAKUX €AMHUIIAX OHA U3MEpPSIeTCs?

17. Kak sKkCriepuMEHTaJIbHO ONPEAEIISIETCSl BHEIIHSS XapaKTePUCTHKA
MCTOYHUKA HANPSDKEHUS (TOKA) HA YHUBEPCAIBHOM J1a00paTOpHOM CTeHe?

18. Kak skcriepuMeHTalbHO OMPEACIIUTh MapaMeTPbl CXEMbI 3aMEIICHUS
MCTOYHUKA HAMPSOKEHUA (TOKa) Ha JIabOpaTOpPHOM CTeH/IE?

19. [Ins yero ucnomnb3yercs 3a3eMJIeHUE MPU COOPKE CXEMBI MU Ha
nabopaTopHOM cTeHe?

20. Kak ycTaHOBUTH U U3BMEHUTh HOMUHAJILHOE 3HAYCHUE TTapaMeTPa CXEMbI
uenu?

21. Kak u3MepuTh TOK B LIEMU MPU TOMOIIY BOJIbTMETpA?

22. Y10 Takoe UIyHT U JJISl YEro0 OH UCIOJIb3YETCs B CXemMax?

23. Kakoii pexxuM pabOThl HCTOYHUKA CUUTACTCS COTIIACOBAHHBIM, KaK €ro
YCTAHOBUTb, HJIS YETO OH HYXEH?



24. KoadduimeHT nose3Horo 1elcTBUsl UICTOYHUKA, €T0 (PU3NUECKUN CMBICH, B
KAaKHX Ipeaenax OH MEeHseTCs ?

25. Kak onpenenutb BHYTPEHHEE CONPOTUBICHUE UCTOYHUKA HAMIPSKEHUS
(BHYTpPEHHIOIO IPOBOAUMOCTh HICTOYHUKA TOKA) C TOMOIIBIO BHEIIHEH
XapaKTePUCTUKN UCTOYHUKA?

26. B xakux npezaenax MoKeT MEHAThCSI BHYTPEHHEE CONPOTUBIIEHUE
HMCTOYHUKA HANPsHKEHUs (BHYTPEHHSISI TPOBOAMMOCTh UICTOUHHMKA TOKA)?

27. Kak BiausieT BeIMYMHA BHYTPEHHETO COMPOTUBIEHUS HCTOYHUKA
HaMpspKeHUs! (BHYTPEHHEN MPOBOJMMOCTH UCTOYHUKA TOKA) Ha BHEIIHIOIO
XapaKTePUCTUKY UCTOYHHUKA?

28. [loueMy HE peKOMEHYETCSl TPOBOJUTH PEXKUM KOPOTKOTO 3aMbIKaHUS TIPU
CHSITUU BHEIIHEH XapaKTepUCTUKU Ha JaOOpaTOPHOM CTeHie?

JlabopatopHas paborta Ne2

OKCIIEPUMEHTAJIBHASA ITPOBEPKA BBIITOJIHEHU A
3AKOHOB KHNPXT'O®A B PESUCTUBHBIX LEITAX

HEJIb PABOTbI

9KCH€pI/IM€HTaHLHO IMPOBCPUTH BBIINIOJIHCHHUC 3aKOHOB KI/IpXFO(l)a B PC3UCTUBHBLIX
QJICKTPUYICCKUX LCITAX.

1. MOATOTOBKA K BBIIIOJJHEHUIO TABOPATOPHOM PABOTHI

[Tpu moATOTOBKE K BBIMOJIHEHUIO JTAOOPATOPHOM pabOThl HEOOXOAUMO:
- m3y4uTh 1o yueOnuky [1] 88 1.2, 1.3, 1.4, 1.10, 2.1;
- U3yYUTh ONUCAHUE JAHHOH J1a00paTOPHOUM pabOThI M MOATOTOBHUTH TaoM. 2.1, 2.3;
- OTBETUTH Ha BOIIPOCHI JIJISi CAMOKOHTPOJISL.

1.1. OcHoBHBbIE TeOpeTHYECKHE MOJIOKEHH S

DNEKTPUYECKON IIEMbI0 HA3bIBAETCS COBOKYITHOCTH YCTPONCTB U OOBEKTOB,
0o0pa3yIomux MyTh IJs JIEKTPUYECKOTO TOKA, AJIEKTPOMArHUTHBIE MPOIIECCHl B
KOTOPBIX MOTYT OBITh ONKCAHBI C TOMOILBIO MOHIATHI 3./.C., TOKAa U HANPSKEHUS.
Bce »sneMeHTBl 3JIEKTPUYECKHUX ILeneld MOXHO pa3lIeliuTh HAa HCTOYHUKH U
MPUEMHHKHU BJIEKTPUUECKON PHEPTruM, a TaKKe COeAMHHUTENIbHbIe MpoBoaa. Kak
MPaBUJIO, JIEKTPUUECKasl LIEMb COCTOUT U3 Psa JIIEMEHTOB, COCIMHEHHBIX MEXIY
co0o0i1 onpeneneHHbIM 00pa3oM. Omnucath CBONCTBA JIFOOOH AIEKTPUYECKOM 1ETH
M paccuuTaTh TOKM M HANpsOKEHHUsT HA €€ DSJEMEHTaX MOXHO C IOMOIIbIO
YpaBHEHUM 3JIEKTPUUECKOTO PAaBHOBECHS 1IEIM, COCTABJIEHHBIX I HEE HA OCHOBE
M3BECTHBIX pu3ndeckux 3akoHoB Oma u Kupxroda. [lpu coctaBieHnn ykazaHHBIX
YpaBHEHHM MIMPOKO MCHOJIB3YIOTCS PA3HOOOpA3HbIE MOMAEIH DIIEKTPUYECKUX
Lerne.
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OCHOBHBIMH 3JIEMEHTAMH, U3 KOTOPBIX COCTOST JIEKTPUUYECKHUE LIETH, SBISIOTCS:
PE3UCTOp, KOHAEHCATOpP, KATyIIKa HWHIYKTUBHOCTH, WUCTOYHHMKHU DIIEKTPUUYECKOU
DHEPIUM, ONEPAUMOHHBIM ycuiauTenb. OIHAKO KaXAbld pPEAJIbHBIA JIIEMEHT
DIEKTPUYECKOW 1€MW KPOME OCHOBHOTO TMOJIE3HOTO KadyeCcTBA HMMEET Pl
Mapa3suTHBIX CBOMCTB. Tak peanbHas KaTyllKa WHAYKTUBHOCTH XapaKTEPU3YETCH:
CONPOTUBIICHUEM IIPOBOJA, M3 KOTOPOTO OHA H3rOTOBIICHA; €MKOCTBIO,
CYLLIECTBYIOIIEH MEXIYy BUTKAMM KaTyIIKM M MEXKAY KaTylIKOM U 3eMIIeH; U
COOCTBEHHO MHIYKTUBHOCTBIO caMOi KaTylKH. To ke caMoe OTHOCUTCS K APYTHM
DJIEMEHTAaM DJJIEKTPUYECKOW Nenu. Ecin y4uThIBaTh BCE KAayecTBa PEAJIBHOTO
AJIEMEHTA LIETH, TO 3aJa4a aHalln3a PeXMMa LENU CTAHOBUTCS OYEHBb CIIOKHOU U
TPOMO3JKOM, a B psifie CIy4dacB M Hepaspemmmoun. [nd yrpoumeHus yka3aHHOU
3a1a4d  aHAJIM3a PEXKUMA  DJEKTPUYECKUX ILened ¢  COCpPedOTOYEHHBIMU
napaMeTpaMy IMOJIararT, YTO BCE PEAJBbHBIE AJIEMEHTHI ATUX LENEH COCTOSAT W3
ONPENEIEHHOr0  4YuCla  WJCAIM3UPOBAHHBIX  DJIEMEHTOB. Kaxnprit
UCATU3UPOBAHHBINA 3JEMEHT O00JIaZJaeT TOJbKO OJIHUM OCHOBHBIM KaueCTBOM
peanpHOTO 3neMeHTa. [Ipu nepexone K MACaIM3UpPOBAHHBIM DJIEMEHTAM, KaXKIbId
peanpHbIl 3JEMEHT LENU 3aMEHSETCS ONPEIEICHHOW SKBHBAJIEHTHOM CXEMOW
3aMeIleHHs], COCTOSIIEeH U3 KOHKPETHOr0 Habopa Mealu3uPOBAHHBIX 3JIEMEHTOB.
OTH  DJIEMEHThl  COCNMHSIIOTCS MeXAy co0OM ¢ TMOMOIIBIO HJI€aTbHbIX
IPOBOJIHUKOB, IS KOTOPBIX OCHOBHbIE mapamerpsl: R = L = C = 0.
MaremaTH4eckoe ONHCaHUE MOJYYEHHOM CXEMBbI 3aMELIEHHUs JOJIKHO OTpa)kaTh
JTOMUHUPYIOLIYE MPOLECCHl B PEATIbHOM 3JIEMEHTE LIENH, WIM T€ U3 HUX, KOTOpbIE
HEOOXOIMMO yUYEeCTh MIPH PEIICHUU KOHKPETHOM 3a1auH.

Takum oOpa3om, MOJIy4yaeTcsl pacyeTHAsl CXema 3aMEIIeHHs KaXI0TO peasbHOro
JJIEMEHTAa LENUM U M3 ITHUX CXEM 3aMEIICHUs B JAIBHEHIIEM COCTaBIISIETCSA
pacueTHas cxeMma 3aMelleHUs BCEH LIETH.

BBenenue mNOHATUA UACATU3UPOBAHHBIE JJIEMEHTHI II03BOJISIET IIPU  AHAJINA3E
peaTbHOM PIEKTPUUECKON IeNH MPHUOIMKEHHO, HO ¢ JIOCTaTOYHOM ISl IPAKTUKU
TOYHOCTBIO, 3aMEHHUTh €€ HEKOTOPOW MOJIENIbIO, COCTOSIIENM M3 COBOKYITHOCTH
UJCATU3UPOBAHHBIX 3JIEMEHTOB.

Cucrema ypaBHEHHUM, OMNMUCHIBAIOIIUX CBOWCTBA TAaKOW MOJENH, MPEACTABIISIET
co00l MaTeMaTHYECKYyI0 MOJEIb SJEKTPHUECKON IMemnu. Y caoBHO-Tpaduueckoe
M300paKEHUE MOJENN DJIEKTPUYECKON IIETH Ha3bIBACTCS €€ PACUCTHOW CXEeMOM
3aMEIIEeHUs, KOTOPasi COCTOUT U3 B3aUMOCBSI3aHHBIX CXEM 3aMEIIECHUs OTIEIbHBIX
pEaNIbHBIX 3JIEMEHTOB, U CIIYXKUT PACUETHON MOJIEIIBIO PEAIbHOM LEIIH.

Kaxmas  cema  3aMelleHMss  UMEET  ONPEACICHHYIO  TOIOJIOTHYECKYIO
(reoMeTpHUYEeCKy0) CTPYKTYpY, JUIsl ONUCAHUS CBOMCTB KOTOPOW HCHOJB3YHOTCS
MIOHATHSA: BETBB, y3€II, KOHTYP.

Bemevio Ha3pIBaIOT y4acCTOK LENH C JIByMs BBIBOJAMH, [0 KOTOPOMY MPOTEKAET
OJMH W TOT K€ TOK. BeTBp, KaKk IMpaBWIO, PACIOIAaracTcsi MEXIy ABYMs Y3JIaMH
LENA M COCTOMT W3 OJHOIO WM HECKOJIBKHX ITOCIEAOBATEIBLHO COEIMHEHHBIX
JJIEMEHTOB.

Y310m  wHa3zbiBaeTcs MecTO coequHEHMs IBYX U Oonee BeTBeil. Eciu B y3ne
COEMHEHBI TOJIBKO JIB€ BETBH, TO OH HA3bIBAETCA MPOCTHIM WJIM YCTPaHUMbIM. B
nanpHeleM OylneM paccMaTpuBaTh Y3Jibl, B KOTOPBIX COCIMHEHBI OoJsiee JIBYX
BETBEH.

Jl1s1 cxembl, puBeAEHHOM Ha pUC. 1, yncio y3110B Ny= 4, yuciao BeTBeH
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Ns = 6, 1IeCTast BETBb COAEPIKUT UCTOUHHMK TOKA J

Konmypom Ha3bpIBaeTCs 3aMKHYTBHIM IyTh, MPOXOIAIIANA MO HECKOIBKUM BETBSAM
AIEKTPUYECKON LIETIH TAK, YTO OJIMH W3 Y3JIOB SABJISIETCS HA4aJOM M KOHIIOM ITYTH.
KoHTyp, KOTOpBII COAEPKHUT XOTA OBl OJHY BETBb, HE BXOASIIYI0 B JIpyrue
KOHTYpBI, Ha3bIBA€TCS He3aBUCUMBIM. Ha puc. 1 mokasaHbl 1Ba HE3aBUCHMBIX
KOHTYpaA.

Puc. 1. Cxema 351€eKTpUUECKOMN LIETTH

1.2. 3akounsl Kupxrodga

3akonbsl Kupxroda (mepBslii 1 BTOPOi) SBISIOTCS CIEACTBHEM BCEOOIIETO 3aKOHA
coxpaHeHHsi sHepruv. OHU TNPUMEHSIOTCS ISl OINPENENEHUs TOKOB B BETBSIX
JUHENHBIX U HETMHEHHBIX CXEM MPH JIF0OOM 3aKOHE U3MEHEHHS] BO BPEMEHU TOKOB
u HanpsbkeHud. Ha wux 0aze cOCTaBISAIOTCS YpaBHEHHUSA AJIEKTPHUECKOTO
pPaBHOBECUSI B DJIEKTPUYECKUX IEMAX, HCHOJB3YEMBIE B PA3IUYHBIX METOAAX
aHaJu3a U CUHTE3a JIEKTPUUECKUX LENeH.

Hepsbiii 3axkoH Kwupxroga BeipakaeT 3aKOH COXpPaHEHHUS KOJWYECTBA
AIEKTPUYECTBA (IBUKEHUE 3apsAI0B B LIETIH TPOUCXOAUT TAKUM 00pa3oMm, YTO HU B
OJIHOM U3 Y3JIOB OHU HE CKAaIUIMBAIOTCS ), IPUMEHSIETCS ISl Y3JI0B JIEKTPUUECKON
1eny u GOpMyIHPYETCs CISAYIOMUM 00pa3oM:

- anzebpauyeckasn (¢ yuemom 3HAKOB) CymMma MOKO8 eemeeil, CX00AUUXCA 6
JIH000M y371€ IIEKMPUUECKOU CXEMbL 6 JIHD0I MOMEHM 6PEeMEHU, PAGHA HYIIO:

D=0
« (1)

[Ipn 3TOM TOKH, HaNpaBJIEHHBIEC K Y31y MPHUHATO 3alMCHIBATh CO 3HAKOM IUIIOC, a
HaMpaBJIEHHBIE OT y3JIa - CO 3HAKOM MUHYC.

Hanpumep, mis y3na 3JIEKTpUYECKOM LENH, NPEACTABICHHOIO Ha pHUC. 2,
ypaBHEHHE, COCTABICHHOE MO NepBoMy 3akoHy Kupxroda, nmeer Bua:
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li-lo-13+14+J1-J2=0 2

Puc. 2. Y3en anektpuueckoil nenu

JlaHHBIN 3aKOH MOXET ObITh CHOPMYIUPOBAH U CIESAYIOUIUM 00pa3oM:
- CyMMa mMoKo0e8, 6MeKaruiux 6 KOHKpemHblil y3en, paeHa cymme mokKoe,
8bIMEKAIOWUX U3 OAHHO020 Y31d.
JJ1st pacCMOTPEHHOTO MPUMEpPA 3TO 3aMUCHIBAETCA TaK:

Ih+h+lhi=+bL+1; (3)

Bropoit 3akon Kupxroga mnpumeHsiercss K KOHTypaM 3JIEKTPUYECKOW LIENUA M

bopMynHupyeTcs CienyoummM 00pazom:

- anzedpauueckasn (¢ yuemom HANPAGNEHUA) CYMMA NAOEHUN HANPANCEHUI HA

INEMEHMAx @ 11000M 3AMKHYMOM KOHmMYPe I1eKmMPUiecKoil yuenu pagna Hyuio:
YU, =0
< (4)

JlaHHBIIA 3aKOH MOKET OBITH CPOPMYIHUPOBAH U B IPYTOM BUJIE:
- anzedpauueckas cymma NAOEHUN HANPANCEHUA HA NACCUBHBIX IJ1EMEHMAX
100020 3AMKHYmMO20 KOHMYPA PAGHA AN2e0PAUYECKOU CyMME 3.0.C., 6X00AUUX

6 IMmom KOHmMYyp:
D> Rele =D Ey
K N (5)

B ypaBuenusix (4,5) HanpaBieHUs HaOpsODKEHUST MW 3.J.C.  CUHUTAIOTCS
MOJIOKUTENIbHBIMKM, €CJIM  COBIAQJIal0T C HampaBieHUWEM 00X0Jla KOHTYpa,
BBIOMPAaEMbIM 3apaHee B MIPOU3BOJIBHYIO CTOPOHY.

Jlns paccmatpuBaemoil enu (puc. 3) ypaBHEHHUs IO BTOopomy 3akoHy Kupxroda
AMEIOT CICIYIOIIUI BUL:

Ui— U+ Us+ Us—Us=0.
(6)
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Ril; — Rol, + R3lz = E, — E5.

N 7
IA [Rf[ ]RS U,
T
_"-
[-'.5

Puc. 3. KoHTyp 3eKTpUUeCKOM 11enu
1.3. Pacuer ajekTpuyeckoii nenu meroaom 3akonoB Kupxroga (M3K)

IIpu pacdere pexuma paOOThI DSJIESKTPUUECKON IENU 3aJaHHBIMH OOBIYHO
SIBJISIFOTCS: CXE€Ma M AJIEMEHTHI 1I€MH1, a TaK)KE MapaMeTphbl MACCUBHBIX U aKTUBHBIX
AJIEMEHTOB, a OINpPEIEIUTh TPeOYyeTCss TOKM BO BCEX BETBSIX W HAINpPSDKEHUS Ha
OT/ACJIBHBIX 3JIEMEHTaxX nenu. s pemieHus Takod 3agadd ¢ momonipio M3K
TpeOyeTcsi COCTaBUTh IO MEpBOMY U BTopoMmy 3akoHam Kupxroda cucremy
JUHENHBIX aNreOpanyeckruX YypaBHEHHH C y4eTOM MPUHATHIX TOJIOKUTEIBHBIX
HaIIPaBJICHUM TOKOB B BETBSIX U PEIINTh €€ OTHOCUTEJIBHO NCKOMBIX TOKOB BETBEH.
[TonoxuTenbHbIE HAIMpaBICHUS TOKOB BBIOUPAIOTCS TMPOM3BOJIBHO /O Hayala
pacueTta M YKa3blBalOTCSI Ha CXEME€ LEeNu CTpesikoi. PemeHune cucreMsl
anredpanyecKnxX ypaBHEHUI MPeNICTaBsieT cOO0M TOBOJIBHO TPYAOEMKYIO 3a/1auy,
a 00beM BBIYUCICHHUM, KOTOPHI HEOOXOAMMO BBIIOJIHUTH, BO3PACTaeT C
YBEJIIMUCHUEM CJIOKHOCTH 1IETH (YKCiia BETBEH).
B oOmem ciyuae YUCJIIO ypPaBHEHHWH, KOTOPOE€ HYKHO COCTaBUTh IPHU
WCIOJIb30BAHMU JTAHHOTO METOJA, PAaBHO YMCIIy BETBEW B PacCMaTPUBAEMOM LIETU
— Np YacTe ypaBHEHUN W3 3TOr0 4YHUCJIA COCTABISACTCSA IO IIEPBOMY 3aKOHY
Kupxroda — N1, a ocraBmasics 4acTh 1o BTOpoMy — Na.
HUucno HE3aBUCUMBIX YPaBHEHUM, KOTOPBIE MOYKHO COCTaBUTh 110 MEPBOMY 3aKOHY
Kupxroda, pasHo:

ni=ny—1 @)

OpnHako, eciii B CXeME IS MMEETCS BETBb, COCTOSINAS TOJIBKO M3 HISaTbHOTO
HMCTOYHUKA 23.J.C., TO TOrJa IMOTEHIHAI y3Jia, K KOTOPOMY IPHUCOCAWHEH OIWH
BBIBOJ] MCTOYHHMKA, MPUHUMACTCS PaBHBIM HYJIIO, W CJICIOBATEIIBHO, MOTCHITUAT
y371a, K KOTOPOMY IIPUCOEIMHEH APYroil BEIBOJ UCTOYHHKA, Oy/IeT paBeH BEIUUNHE
3.]1.C. ICTOYHHKA C COOTBETCTBYIOIIUM 3HAKOM (B 3aBUCHMOCTH OT HAIIpaBJICHUS
3.1.C. HICTOYHUKA). B 3TOM cllyyae 4nci0 HE3aBUCHUMBIX YpPaBHEHHH, KOTOpHIS
MOXXHO COCTaBHTH IO IEPBOMY 3akoHY Kupxroda, Oymer Ha eIUHUILY MCHBIIIE,
yeM paccuuTano 1o (7).
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Yucno ypaBHEHM, KOTOpPbIE HYKHO COCTaBUTh IO BTOpoMYy 3akoHy Kupxroda,
JOJIKHO OBITh PAaBHO:
N2=Ng- Ny =nNy—(Ny— 1) (8).

OTO YMCIIO PaBHO YHUCIY HE3aBHCHUMBIX KOHTYPOB, KOTOpPBIE MOXHO BbIOpaTh B
cxeme nenu. OpHAKO, €CIM B CXEME LENW HUMEIOTCA BETBH, COJEpIKallne
MCTOYHUKH TOKA (Ny - KOJIMYECTBO BETBEM C UCTOUHMKAMU TOKA), TO HE3aBUCUMBIE
KOHTYpPBI HE MOTYT IIPOXOAUTH 10 3TUM BETBSIM, TaK KaK HAIPSIKEHHUE Ha 3aKUMax
MCTOYHHKA TOKA HEM3BECTHO (OHO MOXKET OBbITh ONPEIEIICHO TOJIBKO MOCIE pacyeTa
pexxuma Bcell uenu). Benencrtsue »Toro, mpu BeIOOpE HE3aBUCHUMBIX KOHTYPOB B
CXEME LIENH, BETBH, COAEPKAIINE UCTOYHUKN TOKA Pa3MBIKAIOTCS, B MOJyYEHHOMN
CXeM€ BBIOMPAIOTCS HE3aBHCHUMbIE KOHTYPBI, @ 3aTEM 3TU BETBH MOAKIIIOYAIOTCS K
CXeME M TMPUHHUMAIOTCS BO BHUMAHHUE IIPpU COCTABICHUM YpPaBHEHWM IS
HE3aBUCHUMBIX KOHTYpPOB MO BTOpoMy 3akoHy Kupxroda. MWrak, mpu Hamuuum
UCTOYHUKOB TOKa B CXEME LENU KOJUYECTBO YPAaBHEHUH, KOTOPBIE HYKHO
COCTaBHTb 10 BTOpOMY 3akoHy Kupxroda, paBHoO:

n2=ns—(ny—1) - nr 9)

1.3.1. Tlopsiaok pacuera djnekrpuueckoii nenu M3K

[Tpumenenne M3K niis pacueTa peskuma padOThI AIEKTPUUECKON HIEeTTH
IPEANOJIAracT BHIIIOJIHEHUE CAEAYIOUIMX 3TANOB:

1. B pacueTHOIi cxeme ucciaeayeMoil enu 0003Ha4aroTCcsl 1 HyMEpYyIoTCs BCe
y3JIBL.

2. IIpou3BOIBHO BHIOMPAIOTCS MOJIOKUTEIIbHBIC HAIIPABICHHUS TOKOB B BETBAX
IIENU, W BCE TOKH 0003HAYAIOTCS Ha CXEME.

3. BriOuparorcsi He3aBUCHMBbIE KOHTYPhl M OOO3HAYaIOTCA Ha  CXEMe
MIOJIOKUTENIbHBIE HATIPABJICHUS UX 00X0/a.

4. CocTaBisrOTCsl ypaBHEHUS IO IEPBOMY U BTopomy 3akoHaM Kupxroda B
HEOOXOIUMOM KOJIMYECTBE.

5. Pemaercs mosy4eHHasi CUCTEMa JIMHEHHBIX allreOpandecKnX ypaBHEHUH JTFOOBIM
13 U3BECTHBIX METOJIOB, U ONPEAEIISIIOTCS HCKOMBIE TOKHU.

6. [ns moaTBepKAeHUs MPaBWIBHOCTH pacyeTa peXuma LENH MNpOBEpPAETCs
OaJlaHC MOIITHOCTH.

Cobmonenne OanmaHca MEXAy BbIpaOOTaHHOW W TOTpeOJICHHOW B
ANEKTPUUYECKOW 1EMH MOUIHOCTHIO BBITEKAET U3 3aKOHA COXPAHEHMSI SHEPTHH.
AKTHBHAs MOIIHOCTh, MOTpPEOJEHHAs B IEMH, HE MOXET OBbITh OOJbIINE WU
MEHBIIIE, a JIOJDKHA ObITh paBHA TOW aKTMBHOW MOITHOCTH, KOTOPYIO BhIpabOTanu
MCTOYHUKAMU DJIEKTPUIECKOMN dHEpTHH, AeicTByromue B renu. [Ipuyem nebananc
AKTUBHOW MOIIIHOCTH, T. €. Pa3HOCTh MEXKIy IMPOM3BEICHHONW W MOTPeOIeHHOMN
MOITHOCTBIO JOJIKHA COCTABJISATH JOJU MPOLEHTA OT MPOU3BEACHHON MOIIHOCTH.
[Tpu HecobOmtoaeHnn OanaHca MOITHOCTEN pacyueT pekruMa e HY)KHO YTOUYHUTD.

AKTHBHasI MOIIIHOCTb, U3PACX0/I0BAHHAS B LIETIH, ONPEIEISACTCS BHIPAKEHUEM:
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Pnom = Z RK I 2K ) (10)
K

rae |, - meiicTByromiee 3HaUYE€HHE TOKA B BETBH. AKTHBHAs MOIIHOCTH P

BCErJa UMEET MOJIOKUTEIBHOE 3HAaUCHHE.

UucneHHoe 3HAYCHHE AaKTUBHOM MOIIHOCTH, BBIPAOOTAHHOW OTACIBHBIM
HCTOYHUKOM  DJICKTPUYECKOW  DHEPIruH, OTpeNIeNIACTCS  MPOU3BEACHUEM
JEUCTBYIOIIET0 3HA4YEeHHs] 3.4.C. MCTOYHUKA E,., Ha nelcTByroliee 3HaYeHUE
MPOTEKAIOIIETo Yepe3 Hero Toka |:

P =E_xI (11)

Ecnu nanpaBnienust 3.7.C. U TOKa COBIAJAIOT, TO MOIIHOCTH Py, OylIeT umeTb
MOJIOKUTETLHOE 3HAYeHUE, U HCTOYHUK OyAEeT OTJaBaTh BBIPAOOTAHHYIO UM
MOIIHOCTh B 1enb. Eciam jke HampaBieHus 3.1.C. U TOKa HE COBMaaaroT (
POTUBOTIONIOKHBI), TO MOIIHOCTh MCTOYHHUKA OYyIET OTPUIIATEIHHON, U OH HE
Oyner oThaBaTh (BhIpa0baThIBaTh), a OyJeT MOTPEOJATh AaKTUBHYIO MOIIHOCTH W3
nenu. [Ipu orpuiiatebHOM 3HAYEHUU MOIIHOCTH HCTOYHUK MOTPEOJIIET YIHEPTUIO
U3 1ICTH, a TIPU TOJIOKUTEITFHOM 3HAUYCHUH — OTAAeT ee B mnenb. Cieayer uMeTh B
BUJly, YTO TIPH pacyeTe MOIIHOCTH HMCTOYHHUKA TOK, IMPOTEKAIOIIMN Yepe3 HEro,
HY>XHO OpaTh ¢ TeM 3HAKOM, KOTOPBIM MOJYUYUJICS B Pe3ysIbTaTe pacyeTa pekuma
IIETIH.

[Ipu ompeneneHMM  MOIIHOCTA HMCTOYHHMKA TOKAa HYXHO Opath
IPOU3BEJICHHE TOKAa MCTOYHHMKA Ha HaNpsDKEHHE Ha €ro 3axkuMmax, a dTo
HaIPSHKEHUE OTIPEEIAeTCs Pa3HOCThIO MOTSHIIMAIOB TOYKH, U3 KOTOPOU BhITEKAET
TOK UCTOYHHKA TOKA, U TOYKH, B KOTOPYIO OH BTEKAeT.

HamoMHMM, 9TO TIOTEHIIMAT TOYKH JJIEKTPUUYECKOM MU €CTh CKaJsgpHas
BEJIMYMHA, paBHas paboTe CWI DJIEKTPUUYECKOTO0 IOl IO  TEPEeMEIISHHI0
€MHUYHOTO TOJIOKUTEIIBHOTO 3apsiia U3 TaHHOW TOYKH B OECKOHEUHO yJaJICHHYIO
TOYKY, TOTCHITHAT KOTOPOU paBeH HYIIIO.

1.3.2. Ilpumenenue M3K s pacuera 3j1eKTpUYeCKOl Henu

[Ipumennm M3K ans pacyera pexuma 3JIEKTPUYECKON 1€, MPUBEACHHON Ha
puc. 1. bByaem cuutaTth y3en 4 0a3UCHBIM U MPUMEM €T0 MOTECHIMAT PABHBIM
Hynr0. Tak Kak B LENU JEUCTBYIOT TOJBKO MCTOYHHUKHA TAPMOHMYECKOW 3.1.C. U
TOKa OJIMHAKOBOM 4YacCTOThI, TO YPaBHEHUS DSJIEKTPUUECKOTO PABHOBECHUS IIENU
MOXHO 3aIiCcaTh B KOMIUIEKCHON (popMe CIIeIyronuM o0pa3om:

lo—14—16=0

li—12—13=0 (12)

Is+16—15=0

R, 1+ R, o+ R; s = Ex+ Es
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R,I,+R,I,—R,1,-R, 1, =E,+E, (13)

Tak kak B BeTBU 6 BKIIOUCH HE3aBUCHUMBI MCTOYHUK Toka J, To Tok lg Oymer

paBEH TOKY J . Bamumem cucrtemy ypasHenue (12), (13) B mokazarenbHol popme:

i% jv vy _
l.e™ -1, -Je” =0

1% 1% jvs _
Ile 1_I2e 2_I3e 3_0
l,el”: +Je’ —1.e'" =0
Rlllejl//l + RslseJWS _|_ RSISeJV/S — Elejl//el _|_ ESeJl/IBS

1% 1% 1% jv, _ jve ive
R, 1,6’ +R.l.e’” —R, I, —R,l,e""? =E,e’"= + E,e’
(14)

B nenu, nuraemoil oT rapMOHUYECKUX UCTOYHHKOB C OJITMHAKOBBIMHU YaCTOTAMH U

OANMHAKOBBIMH Ha4dYaJIbHBIMHU (1)213aMI/I )51 COCTOSIIIIGfI N3 YUCTO PC3UCTUBHBIX

AJIEMEHTOB, apryMEHTbl BCEX TOKOB W HANpPsDKEHUH OynyT HMMETh OJIMHAKOBBIC
3HayeHus. [loaToMy apryMeHTsl W1 = W2 = W3 = W4 = Ws= YWj = YWel =
We3 = We4 = W U MHOXKUTEIU e'” B paBBIX M NEBBIX YACTAX ypaBHEHHIl

(14) MoryT OBITH COKpAIIIEHBI U CAMH YPABHEHUS 3JIEKTPUUIECKOTO PAaBHOBECHS IIETIH

3aMUIIYTCS B CIAEAYIOUIEM BHUJIE:
l2—1l4s—16=0
li—12—13=0
ls+16—15=0 (15)
R 1i+R;Is+R s =Ei+Es
R;l; +R . —R,I,-R,I, =E; +E,

B cucreme ypaBHenuii (15) Bce mepeMeHHble TapMOHUYECKHE TOKH U 3.J1.C.
MPEICTABIEHBl MOJAYJISIMU CBOUX JCUCTBYIOIIMX 3HAYCHHU. Takue ke ypaBHEHHS
ObUTM OBl TOJIyYEHBI IS paccMaTpUBAeMOM Ienu, eciu Obl B HEW BMECTO

HCTOYHHUKOB TapMOHHYCCKHX TOKOB H HaprDKeHI/Iﬁ OblTn OB  BKJIIOUCHBI

HCTOYHHKH ITOCTOSAHHOI'O TOKA.
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Ecnu B paccmarpuBaeMylo 1elb BKIIOUYUTH XOTSI Obl OJIMH PEAKTHBHBIA 3JE€MEHT
WIM HavajlbHble (a3bl y HCTOYHHUKOB OYIOyT pasHbIMU, TO YypaBHeHus (15),
COCTaBJICHHbIE ISl JEHCTBYIOLIMX 3HAYEHUH TOKOB M 3.J.C., NEPECTAHYT OBITH

CHpaBeUTMBBIMU. B 3TOM citydae Hajo npUMEHATh ypaBHeHus (14).

2. 3AJTAHUE HA BBIIIOJTHEHUE JIABOPATOPHOM PABOTHI

2.1. DkcnepuMeHTAJIbHAS IPOBepPKa 3aKk0HOB Kupxroga ¢ momomsbio
YHHUBEPCAJIbHOI0 J1a00PAaTOPHOI0 CTEH1a

2.1.1. IloaroroBKa cxembl JIa0OPATOPHOH YCTAHOBKH

Jlns SKCnepuMEHTallbHOW TIPOBEpKM 3akoHOB Kupxroda Ha yHHUBEpCAIbHOM
71a00paTOPHOM CTEHJE HYX)HO cOOpaTh CXeMy IIeNH, MPUBEJICHHYIO Ha puc. 4. B
KaueCTBE MCTOYHHUKOB 3.J.C. HUCIIOIB3YIOTCS JIBA HU3KOYACTOTHBIX MCTOYHHUKA
HAIPSDKEHUSI, BXOJAIIMX B COCTaB CTEHJA, C JUCKPETHO U3MEHSIOITUMCS
BBIXOJTHBIM HampspkeHueM ©u dactorod 50 [, BHyTpeHHune compoTHUBICHUS
uctouHukoB (Rj) ObulM ompezaeneHbl paHee MPU BBHINOJIHEHUU JaOOpPATOPHOM
pabotel Ne 1 Ha »TOoM ke crenze. CompoTuBIEHHs WIYHTOB - R, BbeIOHMparoTcs
paBabiMu 10 OM (s ymoOCTBa TIPOBEACHUS BBIYMCIICHUH), a 3HAYCHUS
OCTaJIbHBIX COMPOTUBICHUN 3aJIal0TCA MPENOAaBaTEIEM.

Rl Il A ]:2 Rﬂ
U I -—— <3 —I-E I ] —
l IEl Rz ﬂ
{'-1
Rus
b} N
— 1 . — O —
: B

o

M TR, Rl Ry R,

Puc. 4. PacueTHas >kBHMBajJICHTHAsI CXEMa UCCIIEAYEMOM LENH

2.1.2. Ilopsinok MpoBeeHUs IKCIIEPUMEHTA H 00PA0OTKH MOJTy4eHHBIX
pe3yJbTaTOB

[locne o3HakOMIIEHUSI C ONHUCAHUEM JA0OPATOPHOM pabOThl M MOJYYEHHUS OT

IpernoaaBaTciidi BCCX HCO6XOI[I/IMI>IX AJI1 IMIPOBCACHUA pa6OTBI JaHHBIX: 3HAYCHUM
2.4.C. HCTOYHHMKOB H BCJIMYHMH BCCX COHpOTI/IBJ'IeHI/Iﬁ CXCMBI, CO6paTB
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HCCIIeIyeMYIO 1IeTb Ha J1abopaTOpHOM CTeHJZE (cxema m3o0paxeHa Ha puc. 5). B
paboueii TeTpau 3aprCcOBaTh CXEMY IIEMHU U MepeyepTUTh Taodi. 2.1.

[Tocne npoBepKy NMPaBUILHOCTH cOOpa CXeMbl MOJaTh MUTAaHUE HA JTaOOPATOPHBII
CTEH/I, UICTOYHUKH NMUTaHUSA U BOJBTMETPBI V1 1 Va. C moMoLIpl0 BOJABTMETP V1
IpyU OTKJIIOYEHHOW Harpy3ke (B peXKHUME XOJIOCTOTO XOJa) ONPEIEIUTh
HalpsDKEHUE Ha BBIXOAE KaXKJOr0 HMCTOYHUKA, T.€. HU3MEPUTh 3.4.c. E1 u E>
Ka)XJI0ro UCTouHUKa. [lorydeHHbIe pe3ynbTaThl 3aHeCTH B Ta0OJI. 2.1.

Puc. 5. Cxema uccnenyemoii mienu, coOpanHas Ha JJabopaTOpHOM CTEHIC

Y CcTaHOBUB KOPIYCHOM 3aKMM BOJbTMETpa V2 B y3ed M H3MEpUTh MOTCHIHAIBI
@ BCEX TOYEK, MOMMEHOBAHHBIX Ha cXeMme. Pe3ynpTaThl M3MEpPEHHI 3aHECTU B
tabu. 2.1. [lo HaliieHHBIM MOTEHIIMATIAM TOYEK CXEMbI PACCUMTATh HAMPSIKEHUS Ha
BCEX COMPOTHUBJICHUAX IIEMH, a 3aTeM Mo 3akoHy Oma Haiitu Toku |1, |2, 3.
Hampumep, Tox |1 MoxeT ObITh paccunTaH 1o Gopmyiie:

U Oy — @
I — R1 — M D
"R R (16)

PesynbpTaThl pacdyeTa BceX TOKOB 3aHecTH B Ta0m. 2.1.

3Hasi MOTEHUHMANBI BCEX TOYEK CXEMbl, ONpPENENIUTh HalpaBi€HUS TOKOB B
BETBSIX, MUM€S B BHUJY, YTO TOK B BETBM INPOTEKAET OT TOYKH C OOJIBIIUM
MOTEHIIMAJIOM K TOYKE C MEHbIIUM moTeHuuanoM. Ilocie »Toro ybenuTbcs B
MpaBUJIBHOCTH TMepBoro 3akoHa Kupxroda, mojacTaBuB HailJieHHbIE 3HAYCHUS
TOKOB C YYETOM 3HAaKOB B YpaBHEHHE 11 y3ia A wiu B:
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PaccuutaTe  aAeicTByromMe ~— 3HAYEHUS  HANpsDKEHUs]  HA  BHYTPEHHUX
COMPOTHUBJICHUSIX UCTOYHUKOB 1O (popMmyiie

Ug =1 R, (17)
1 yOeauThCsl B CIPABEJIMBOCTH BTOPOro 3akoHa Kupxroda, coctaBuB ypaBHEHUS
1o Bropomy 3akony Kupxroga nns koutypoB | u II. Hanpumep, nis kontypa |
3TO ypaBHEHHE, NMpPHU MPUHATHIX Ha PHUC. 4 HANpaBIEHUSAX TOKOB B BETBIX U
BBIOPAHHOM MOJIOKUTEIBHOM HaIlpaBiIeHUU 00X0/1a KOHTYpa, OyaeT UMEeTh BU/L:

(R, +R +R,)-12(R,,+R,)=E: (18)

Taomuna 2.1

OKCIIEpUMEHTAJIbHBIE 3HAYEHUS
PexxumHsble PacueTrHbie [1apaMeTpoOB

napaMeTphl 3HA4YCHUS Ha naGoparopHom [Tpun
uenu napaMeTpoB CTEHJE KOMITbIOTEPHOM
MOJEITUPOBAHUHI

Ei, B

E., B ---

¢A9B

¢C9B

¢B:B

gDD:B

gDN:B

¢S:B

Urs, B

Ur2, B

Urs, B

Urui, B

Uruz, B

Urus, B

I, A

I, A

I3, A

Pucr, BT

Prorp, BT
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[IpousBectu pacuer pexuma pabOTbl paccMaTpuBaeMor Henu ¢ nomombio M3K
TEOPETUYECKHU 10 UCXOJHBIM JTaHHbIM. Pe3ynbpTaTel pacueToB 3aHecTH B Tabmd. 2.1.
CpaBHUTH pe3ynbpTaThl, MOJYYEHHBIE SKCIIEPUMEHTAIBHO U PACUETHBIM ITyTEM.
OnpenenuTs MOUTHOCTH MCTOYHHUKOB U MOTPEOUTENEH, UCHOIb3Yysl pAacyETHbIE U
AKCIIEpUMEHTaIbHbIE JaHHble U Gopmyibl (10), (11):

anom = (Rl + le + Ril)l 21 + (RZ + RmZ) I 22 + (RS + Rm3 + RiZ)I 23

Zpucm =gl +El,

[IpoBepuTh GanaHCc aKTUBHBIX MOLIHOCTEH M pacCYUTATh MOTPEIIHOCTH OanaHca:
| Z Pucm o Z P’mmp| .100%

HebGamanc O He mopkeH mpeBbimath 1%.

o=

3. COJEPKAHUE OTYETA

Omuem 0onycen cooeprrcamp:

- HAaIMEHOBaHUE U 1Ieb PaldoThI;

- CXeMbl HCCIIEAYEMbIX LieTel 11 CTeHAA W KOMIIbIOTEpPA M HOMHHAIbHBIE 3HAYECHUS
IEMEHTOB CXEM;

- TaOJIMIIBI PE3YJIETATOB M3MEPEHUI M PACCUUTAHHBIX 3HAYCHUN TOKOB, HANPSHKCHUH U
JOPYT'UX NapaMeTpoB;

- UCTONIb3yeMble TpHU pacueTax (GOopMysbl U CaMH pacyeThl TOKOB, HAMPSHKCHUH,
MOIITHOCTEM;

- MPOBEPKY OasiaHca MOIIHOCTEN U aHAJIM3 TIOTYUYSHHBIX PE3yIIbTaTOB;

- BBIBOJBI O PE3YyJIbTaTaxX UCCIEAOBAHUS.

4. BOITPOCHI V1A CAMOKOHTPOJIA ITPU ITOATI'OTOBKE K
BBINIOJIHEHUIO U 3AILIUTE JIABOPATOPHOM PABOThI

1. Chopmynupyiite nepBblid 1 BTOpoit 3aKkoH Kupxroda s nenei mocTosTHHOTO
Y IEPEMEHHOT0 TOKA?

2. CKOJIBKO HE3aBUCHUMBIX YPaBHEHUU MOKHO COCTAaBUTH IO TIEPBOMY H TIO
BTOpOMY 3aKkoHy Kupxroda?

3. Uto Takoe uacann3upOBaHHBIC AIEMEHTHI DJICKTPHICCKON 11ern?
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4. Kakue 1enu Ha3bIBAIOTCS PE3UCTUBHBIMU?

Kak npousBoauTcs pacdyeT TOKOB B IIENHU METOJIOM 3akoHOB Kupxroda?

6. Uto Takoe pacueTHasi SKBUBAJECHTHAS CXeMa 3aMelIeHU 1IeH U KaK OHa

cocTaBisiercs?

Kakue Tononornueckue 31eMeHThI JIEKTPUUECKON LIENU CYIIECTBYIOT?

8. U3 xakux peanbHbIX 3JIEMEHTOB COCTOUT AIEKTpHUUECKas Uenb?

9. Kakwue uaeann3upoBaHHbBIC 3JIEMEHTHI UCIIOIB3YIOTCS MPU COCTABICHUU
pacyeTHOM CXeMbI 3aMEILICHUS 1ETn?

10.YTo0 Takoe MOTEHIMaT TOUYKH IJICKTPUIECKON LIeTIH?

11.Kaxoii y3emn 3JIeKTpUUeCKOM e CYUTAETCS 0a3UCHBIM?

12.Kax BbIOpaTh NOJI0KUTENBHOE HAIIPABJICHUE TOKA B BETBU?

13. Kakue s5ekTpuiecKue BeIMUYUHbI Ha3bIBAKOTCSI MTHOBEHHBIMH ?

14. Kakoii HICTOYHHUK HA3bIBA€TCSI UCTOYHUKOM 3.]1.C.7

15. Kako¥ uCTOYHUK HA3bIBAETCS UCTOYHUKOM TOKA?

16. Yto Ha3bpIBaeTCA MaJICHUEM HAMPSHKEHUS U B UeM OHO U3MepsieTcs?

17. Kak onpeieiuTh HampaBjieHUE TOKA B BETBU, €CJIM U3BECTHBI MOTCHIINAIBI
y370B?

18. Uto Takoe OaiaHC MOIIHOCTEN?

19. MoxeT 11 UCTOUYHUK IIEKTPUUECKON SHEPTUU MOTPEOJISATH MOIITHOCTh?

20. Yto Ttakoe rereparop?

21. UeMm oTiiyaeTcsi MOCTOSIHHBIN TOK OT MIEPEMEHHOT0 TOKa?

22. Yrto Takoe AeUCTBYIOIIEE 3HAUCHHUE MEPEMEHHOTO TOKA WIIA HAIIPSIKEHUs?

23. Kaxas cBsi3b MEXIy MOCTOSHHBIM TOKOM M JICHCTBYIOIIUM 3HAYEHUEM
EpEeMEHHOTro TOKa?

24. Kak paccuuTtaTh TOKHM B ABYX MapalyiebHbIX BETBIX?

25. Kak paccunrtaTe HanmpspKEHUE MPU MOCIIEI0BATEIBHO COESTUMHEHHBIX
pesucropax?

26. Kakue xoneOaHus Ha3bIBAIOTCS TAPMOHHYECCKUMHU?

27. Yto HazbiBaeTcs ¢azoil u HadaabHOU (pa3oii rapMOHUYECKOTO KoJieOaHms ?

28. Uto Takoe mokasaTenbHas (popMa KOMIUICKCHOTO Yuciia?

29. Kak 3anmceiBaercs 3akoH Oma i y4acTKa IenH, He COAEPKaIIero u
coJiepKalllero HCTOYHUK HATPSKEHUs ?

o

~

Jlabopatopuasa pabora Ne3
MCCJIEJOBAHME RLC-IIEITN HA TTIOCTOSTHHON YACTOTE

HEJIb PABOTbI

Hayuutbcs paccuuthiBaTh M HKCIEPUMEHTAIBLHO OMPENENATh JACHCTBYIONIUE
3HaUeHWsA W HadaibHble (a3el TokoB u HampsokeHnid B RLC-memsix mpum
rapMOHUYECKOM BO3/ICHCTBUH.
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1. HOATOTOBKA K JABOPATOPHOM PABOTE

[Ipu moAroTOBKE K BBHIMOJIHEHUIO JJAOOPATOPHOU pabOThl HEOOXOAUMO:
- 13yuuTh 1o yueonuky [1] §§ 3.1. —3.6. uno [2] c. 41-47;
- U3yUYUTh JIAHHOE OMHCAaHKE JTabOpaTOPHOU pabOThl U MOATOTOBUTH Ta0. 1;
- OTBETUTH HA BOTIPOCHI JJIsi CAMOKOHTPOJISI.

1.4. OcHoBHBbIE TeOpeTHYECKHE MM0JI0KEHHS

B ob6mem cinygae npu mnoakmouennu kK RLC-menu ucTtouHmKa ¢
IPOU3BOJILHON (POPMOM TOKA MM HANPSDKEHUS JII0ObIe YPaBHEHUS, ONTMCHIBAIOIINE
IpoIIeCChl B JJAHHOW II€MH, MOTYT OBITh COCTaBJIEHBI TOJIBKO JJIi MTHOBEHHBIX
3HAYCHUN TOKOB W HampspbkeHuil. Hampumep, nns menu Ha puc.l mo 3akoHam
Kupxroda MoxHo 3anucaTth

Puc. 1. Cxema RLC-enn

i1-i2-i3:0;
uL + Uc =€ (1)
UR3-Uc:0

Ecnu BbIpa3suTh MrHOBEHHBIE 3HAUCHHUS HANPSDKEHW dYepe3 MrHOBEHHBIC
3HAYEHUsI TOKOB, TO CUCTEeMa ypaBHeHMH (1) 3amuiiercs B BUJE:

i1-i2-i3:0;

di, 1.
Ld_‘;:L+E |2dt:e; (2)
. 1.
R|3 —Ejlzdt :O

Ecnm 3.4.Cc. WM TOK MCTOYHHKA JJIEKTPUYECKOW SHEPTUHU W3MEHSETCS IO
FapMOHHYECKOMY 3aKOHY, TO PAacUeT LENU MOYKHO BBINOJHATH CUMBOJIMYECKUM
(KOMIIJIEKCHBIM ) METOJIOM C MOMOIIBI0 KOMITJIEKCHBIX YUCE.

Paccmorpum mopsimok pacuera pexuma Lenu, NMPUBEACHHOW Ha puc. 1, ¢
MOMOIIIBI0O CUMBOJMYECKOr0 MeToAa. TpeOyercs oOmnpeneauTb Bce TOKU U
HanpsHKEHUSI BETBEU, MIOCTPOUTH BEKTOPHBIE JHWArpaMMbl TOKOB M HAIIPSKCHUU.

Bnauane pacueta HEOOXOIMMO TOKHM M HANpsDKEHUST BCEX MCTOYHHUKOB
AIIEKTPUUYECKOU SHEPTUH, BKIIIOYEHHBIX B 1[€Tb, 3aMMCaTh B KOMIUIEKCHOHU (hopMe.
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JlelicTByrOIUiI B paccMaTpuBaeMO#l IeNMM WCTOYHUK HanpspkeHus U(t)
TEHEPUPYET CUHYCOUNAIIbHOE HAIPSIKEHUE

ut) =U, sin(at + @) (3)

rae Um— aMmiutyaHoe (MaKCUMaJIbHOE) 3HAUEHUE HAMPSIKCHMUS,
¢ - HayaibHas (pa3za CUHYCOUJAIBLHOTO HAMPSIKEHUS,

® - ymioBas dyactoTa (¢aszoBas CKOPOCTb) CHHYCOUJAIBHOTO
HaIPsHKCHUS, BBIYUCIIAEMAast 1o GopMyIie:
o = 27f,

TAc f - IMUKIIMYCCKAad 4aCTOTAa, U3MEpPsACMas B FL[.
HpI/IMeM CICAYIOIINC 3HAYCHUA TAPpaMETPOB NCTOYHHUKA U 3JICMCHTOB LICTIN .

Un=10B, o =10%pan/c, ¢=0°
R1=100Mm, L=10mIH, C =100 MKD.

Torma neiicTByrolee 3HAYCHHE HAMPSOHKCHHS MCTOYHHKA B KOMIUIEKCHOW
dbopme 3anumieTcs B BUJE:

U=22.00¢ =22.00°=707B

> =
L

WL

Jlanee HEOOXOAMMO BCE DIIEMEHTHI B CXEMeE LIEeTH, 3aMEHUTh KOMIUIEKCHBIMU
JBYXITOJIFOCHUKaMHU (puc. 2).

2
Puc. 2. Cxema 3aMemieHus e B KOMIUIEKCHON (popme

ConpoTuBneHUs ABYXMOJIOCHUKOB BBIpa3UM 4Yepe3 mapameTpbl JIEMEHTOB U
paccuntaeM ux 3HaueHus. CompotuBieHus MHAYKTUBHOCTH L u €émkoctu C
ONPEAEISAIOTCS C TOMOIIBIO BBIPAXKEHUI:

Z, =jwL=j-10%+10- 1072 = j10 Om,
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Z = —ji - —j———— = —j100m.

102-100-10"8

Jlanee paccunTaeM CONMPOTHBICHHUE Z+-, HApaIIeabHOro coeauuenus R u C,

a 3aTeM BXOJHOE CONMPOTUBJICHUE Z_, IIETH:

Zc'R —j10-10 —ji0 10-e77%0 as0
Lyp=——=— =———=———=7,07e77%",0m

127 z.+R  —j10+10 —j+1 4 Z-eies

Z,=7,07:cos45° —j7,07+5in45° =5—j5,Om

ox =2t 21z,

Z.. =j10+5—j5=5+j5=7,07-e/* Om.

Pacuer TOKOB B BETBSIX U HaHpH}KCHHﬁ Ha JJICMCHTAaX HCIIN IIPOBOAUM B

CIIEYIOIIEM TIOPSIIKE:
: o 7,07-a10° —ja5°
Ii=—=———Fm=1e7"" A
Z,. 7.07-el%®

U, =1,+2,=1-e77%".10- /%" = 10-¢/*"B,

Uy,=1,Z,=1-e74.707-¢774° = 7,07-¢77%" B,

. _i Q
fl _ Uy T07-e e 0 ?'[]?A
2 zp  10e7ie0® :
. U, 7.07e7/%00 _ joo®
[ =% =10 0,707 67 A

3Hasg BCE TOKM M HANPSHKEHUS B CXEME, MOXKHO TEPEUTH K IOCTPOCHHIO

BEKTOPHBIX JUarpaMm.
JIist TOCTpOoeHUsT BEKTOPHOW JMarpaMMbl TOKOB HEOOXOJMMO COCTaBHTHh

ypaBHeHHE 1O TiepBoMy 3akoHy Kwupxroda i paccmarpuBaeMoro ysia.
CocraBuM ypaBHEHUE TI0 IepBOMY 3akoHy Kupxroda mis y3na 1:

[ -L-I,=0

HOI[CTaBI/IM B YPAaBHCHHUC KOMILICKCHBIC 3HAYCHUA TOKOB
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1.e7745° — 0707 —0,707-e77%°" = 0
U Ipeo0pa3yemM ero COCTaBIIAIOIINE CYMMY BEKTOPOB

1.e7743° £ 0707 /120° 4 0707 -/%°° = 0.

Ilepen mocTpoeHHeM AuarpamMMmbl BblOEpeM MaciiTad BEKTOPOB TOKOB.
[Tpumem macmta6: 0.1A/cwm (1.€. 1 cM niuHBI BekTopa cooTBeTcTBYET 0.1A).

BekropHas auarpaMma CTpPOMTCS W3 HadajJla KOOPAMHAT M KaXAbIi
NOCIIENYIOIINI  BEKTOP CTPOMTCA W3 KOHLA mpeasiayniero. Jlmarpamma

HpeIICTaBJICHa Ha pI/IC. 3
Im
mo Re

Puc. 3. BexropHas quarpamma TOKOB Jijist y37a 1.
JI7a mocTpoeHus BEKTOPHOM IHarpaMmbl HAIPSHKEHUM COCTAaBUM YpaBHEHHE

1o BTopoMy 3akoHy Kupxroda s koHTypa 1enu (MCTOYHUK — WHAYKTUBHOCTH —
COIPOTHBIICHHE Z£1:):

HOI[CTaBI/IM B YPABHCHHUC YHCJICHHBIC 3HAYCHHNA BCKTOPOB!

707—10-e/43° — 707773 = ¢

U npeodpa3yeM ypaBHEHHUE B CYMMY BEKTOPOB:

707+10-e/7135° 1 707.2/%° = (.
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Jis moctpoeHus auarpaMmbl  BblOepeM Macmtad: 1B/cm.  Bektophas
auarpaMMa CTPOUTCS aHAJIOTUYHO U MPEACTABICHA Ha puc. 4.

Im R
0 U pe

Uy,

UL

Puc. 4. BextopHas quarpamma HarnpsKeHHM

JIns  HariasigHOTO TMPEJCTaBIICHHUS PACIONIOKEHUSI BEKTOPOB TOKOB U
HAIpPSHKEHUM Ha AJIEMEHTaX e OTHOCUTENIBHO JIPYT ApyTra MOCTPOUM BEKTOPHBIE
qyarpaMMbl TOKOB W HampsDKEHUNW BMecTe Ha oOmied auarpamme (puc. 5). U3
JMarpamMMbl BUTHO:

- TOK I; B MHIYKTHBHOCTH OTCTaeT OT IPHJIOKEHHOTO K Hell HanpskeHus Ha 90°,
- TOK B aKTHBHOM COIPOTHUBICHHHU [; COBMAJacT C MPHIOKECHHBIM K HEMY
Hanpsbkeauem U -,

- TOK B €MKOCTH [ omepexaeTr NpuIoKeHHOe K HeMy Hanpsbkenue U,, nHa 900

Puc. 5 CoBmenieHHble JuarpaMMbl TOKOB U HaPSKEHUM

BekTopHble nuarpaMMbl, Kak MPaBUIIO, SIBISIOTCS KOHEYHBIM PE3yJIbTATOM
peuieHus 3ajad, MoJoOHBIX paccCMOTpEeHHOW. BekTopHas aumarpamma MO3BOJISET
MIPOBEPUTH MPABHIBHOCTH MPOBEAECHHBIX PACUYETOB, IO HEW ISl CIOXKHBIX LENEH
MOXHO OINpPEACIUTh HANPSHDKEHUS B KOMIUIEKCHOM (opMe MEXAy TOUYKaMmu,
HEMOCPEACTBEHHO HE CBSI3aHHBIMU APYT C IPYTOM.
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[Ipy HeoOXOAUMOCTH MEPEUTH OT KOMIUIEKCHBIX BBIPQXKEHUUW TOKOB H
HaNPsOKEHUNW K BBIPAXKEHUSAM MIHOBEHHBIX 3HAYECHUNW TOKOB WIM HAIPSIKEHUH, 3TO
JE€JIaeTCsl OYEHb IIPOCTO. YMHOXKHUB JCHCTBYIOIEE 3HAUYCHUE HANPSDHKEHUSA Ha
unayktuBHoctd U= 10B Ha 2, mosyyaem aMIUIMTYHOE 3HAYECHUE HAIMPSKEHUS

u (t): Up= 14.14B. Hauanenas ¢asa ¢ Hanpsokenus U (f) paBHa apryMeHTy
KOMIUIEKCHOTO Hanpsokenuss Up, pasHomy 45°. CnemoBarenbHO, MIHOBEHHOE

3HAYCHUC HAIIPAKCHUA HAa MHAYKTHBHOCTH 3alIUIICTCA B BUAC!

u; (t) = 10 sin(wt + 45°),B

1.2 Ha3HaueHMe M HCNOJb30BAHNE U3MEPHUTE/IA Pa3HoCcTH (a3

N3meputens pasnoctu ¢a3 (Ppazomerp) mnpexacrarisier coOod mpuodop,
MO3BOJISIIONIUN  M3MEPATh Pa3HOCTh (a3 JBYX HANPSHKEHUH TapMOHUYECKOM
¢dbopmbl. HampsikeHne, OTHOCUTENBHO KOTOPOTO u3MepsieTcst caBur (a3 (ornopHoe),
MoJlaeTcs Ha pa3zbeM 2, a HampsbkeHue, ¢Gazy KOToporo HeoOXOAMMO H3MEPUTh
(curHanbpHOE), MoAaeTCs Ha pazbeM 1. PazbeMbl pacnonoeHsl Ha JIMIIEBOW MMaHETu
npubopa. B mabopatopuu ucnonszyercs dpazomerp O2 — 34,

IIpu npoBeneHun M3MepeHUii HeJONMYCTUMO NMOAABATH Ha pa3beMbl 1 u 2
HANPSKEHUS, JeCTBYIIHE 3HAYCHHUSI KOTOPBIX NpeBbIIAKT 7 B.

Cxema BKIIIOUEHHUsI (pa3oMeTpa MpUBeIeHa Ha puc. 6:

+

2 -~
e

I I,
: 0~ $2-34 q°
:(d) A2 T

=+

Puc. 6. Cxema BrITtOYeHUS U3MepuTens pasHoctu (a3 O2-34

[Ipy moakItOUeHNN COCAMHHUTENBHBIX KaOemei (azomeTpa K HCCIEIyeMOi
el B TEPBYIO OuYepelb MOJKIIOYAETCS 3a3€MJICHHBIM MPOBOJAHUK KabOes,
OTMEYEHHBIN chelruaibHbiIM 00pa3oM (YEpPHBIM IIBETOM WM CHEIUATbHBIM
obo3naueHueM). Ilpu TOAKIIOYEHUH COCAUWHUTENIBHBIX Kabenei cremyer
coOJIIOIaTh  MOJSPHOCTh MOJKIIOYEHHUS: 3a3€MJICHHBIM MPOBOJHHUK Kalens
HEO00XO0MMO MOJKIIOYATh TOJIBKO K 3a3€MJIEHHOMY KOHTAaKTYy IeNH (B MPOTUBHOM
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cily4ae, MOXET MPOU30MTH KOPOTKOE 3aMbIKaHUE, WM PUOOp OyAeT MOKa3bIBaTh
HEBEPHBIE PE3YIbTaThl).

B paccmarpuBaemoii cxeme (puc. 6) Qazomerp wusMepser caBur a3
HaIpsHKEHUS Ulgl (CUTHAJIBHOTO) OTHOCUTEIBHO HaNpPsKEHUs Ulzl (omopHoOro).
Cnengyer OTMETUTBH, YTO 00a HANPSHKEHHS] CUTHAJIBHOE M OMOPHOE 0053aTENIbHO
JOJKHBI IMETh OOILYIO TOYKY (B JAHHOM ciydae y3eln 1), KoTopasi 10JKHa OBbITh
3a3eMJIeHa.

[locne mnonkmroueHus ¢(aszomeTpa B CXEMy IMepel HayalioM H3MEpEeHHs
pazHocTH (a3 HeoOXOIMMO Ha)KaTh KHOIKY «@» Ha JIMIEBON maHenau npudopa.
[locne HaxkaTUs KHONKU TMPOMCXOJUT LMKJI YCTaHOBKU Hyns (mpumepHo 70
cexkyHa). OO0 OKOHYaHHMM 3TOTO LHKKIA CBUJETEIBCTBYET MEPUOANUECKOE MUTAHUE
HUKHET0 CerMeHTa MHAnKaropa «°» (rpamychel). [locne aToro uepe3 3 — 5 cekyHI
Ha Tabyo mpubopa BBHICBEUMBAETCS 3HAYEHUE YIya cABUTa (a3 HUCCIeayeMOTo
CUTHAJIa OTHOCUTEIBHO OMOPHOTO.

Ecnu 3nauenue casura ¢a3 Ha npubope Haxoautcs B npenenax 0 — 180° To
OHO COOTBETCTBYET JACHCTBUTEIBLHOMY CABUTY (a3 Mexay HanpsokeHusimu. Eciaum
K€ 3HaueHue yria casura ¢a3 HaxoauTtcs B npezaenax 180 — 360°. To u3 3HayeHus,
MOKa3bIBAEMOT0 Mpubopom, cienyeT Bbiuectb 360°. IlonmyueHHoe TakuM 0Opazom
3HaueHue OYyJEeT COOTBETCTBOBATh MMEIOIIEMY MECTO CABHUTY (ha3 MEXIy ABYMs
HanpsDKeHUsIMU (B JaHHOM Cilydae CABUT (a3 MEXIy HanpsKeHUIMH OyaeT
OTpUIIATEIbHBIM, T.€. CHUTHAJbHOE HampsbkeHue 1o (ase OyneT omnepexarhb
OTIOPHOE).

[Ipy mepexiIroYeHUH CUTHAJIBHOTO NMPOBOJHUKA COEIMHUTENIBHOIO Kabens K
ApyromMy y3iy HCCIEIyeMOM ILienu JUisi U3MEpEeHus yria ciasura (a3 Mexay
COOTBETCTBYIOLIUMU HANPSKEHUSIMH, TOBTOPHO KHOIIKY «@» HaXXMMAaTb HE HAJO.
3HayeHue (Pa3z0BOro CIBUra yCTAaHOBHUTCS depe3 3 — 5 cek mociie MepeKIFoueHusl.
Knaonky «@» HeoOXonMMO HaXUMaTh MOBTOPHO OpU  OTKJIIOYEHUH U
HOCJIEIYIOIIEM BKJIIOUEHUU TeHEepaTopa, a TAakXKe MPU U3MEHEHUHU CXEMBbI LIETIH WU
CXEMbI UBMEPECHU.

2. BBINOJHEHUE JIABOPATOPHOM PABOThHI
2.1. 3aganue Ha BbINOJHEHHE JIA00PATOPHOIi padoThI
[IpoBectn ucciaemoBanne RLC - memu, cxema KOTOpO# mMpejcTaBieHa Ha

puc. 7. Cxemy Ienu mnepedyepTUTh B pabOUyr0 TETpajb M 3aHECTH B TaoOm. 1
HCXOJHBIE JJAHHBIC JIJIsI COCTABJICHUS CXEMBbI U ITPOBEICHUS BHIUUCICHUMN:
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Puc. 7. Cxema RLC — nenu

Uix=5B, f=5«kln,

R1=500 OM, R2=300 Om, R 1= 100 Om,

L=13mI'H, C = 0,02MxD.

[Ipu nposenaeHun  nabopatopHOl pabOThl y4eOHOM TPYIIONW HCXOJHBIC
JAaHHBIE KKJI0M Opurazae 3a1aéT mpenoaaBaTeilb, TPOBOAIINMN 3aHATHE B TPYIIIIE.

PaccunTtath TeOpeTHYECKH, a TaK)Ke ONPEICIUTh C  MOMOIIBIO
7a00paTOPHOTO CTEHJA H  MPOTPaMMbl  KOMIIBIOTEPHOTO  MOJCIHPOBAHUS
Electronics Workbench (EWB) neiictByromue 3Ha4YeHHMs W HadajdbHbIC (ha3bl
CIICAYIOIINX HAMPSDKEHUH U TOKOB:

- Uruy Ury, Ure, U, Ug;

ol EP PO

- HadajbHbIe (a3bl: Qruw, PR1, PR2, PL, PC.

Pe3ynbTaThl, mosydeHHbIE pa3IMYHBIMU CIIOCOOAMH HEOOXOIUMO 3aHECTH B
Tabm. 1.

2.2. TeopeTuvecKkuii pacuer pexumMa menu

Teopetnueckuii pacuer pexkuma mnenmu — RLC Oblm paccMOTpeH paHee B
pasnene 1.1. Mcnone3ys npuBeaeHHbIC B HEM (DOPMYITBI, HEOOXOAMMO BBHITIOTHUTH
MOMOOHBINA pacyeT I paccMaTpuBaeMou 1enu (puc. 7) ¢ 3aJaHHBIMH B pas3jeie
2.1 ucxonubiMH JaHHbIMU. [lonyyeHHbIE Pe3ynbTaThl HYKHO 3aHECTH B CTOJOEI
«Pe3ynbpTaTel pacuetoB» Taod. 1.

2.3. UccaenoBanue RLC - nenu Ha 1a60paTOpHOM CTEH/IE
2.3.1. lloaroroBka cxeMbl HA JIA00OPATOPHOM CTEH/AE K U3MEPEHUSIM
Jlnst skcniepuMeHTanbHOTO HccnenoBanuss RLC - menu Ha yHUBEpCaTbHOM

1a00OpaTOPHOM CTEHJIE HYXKHO cOOpaTh Ha HEM CXEMY LIEMH, MPUBEACHHYIO Ha
puc. /. B KkadecTBe HMCTOYHHMKA 3.1.C. HcHoJib3yeTcsi reneparop [3-112. B
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KAuecTBE DJIEMEHTOB LIEMH HCIOJIB3YIOTCS  3JIEMEHTBI, pa3MEIlECHHbIE B
nabopatopHoMm cteHae. s u3MepeHus ACHCTBYIOMIMX 3HAYCHUN HAMpPSHDKECHUN U
TOKOB HCITOJIB3YIOTCS JBa MWJUIMBOJbTMETpa B3-38, a s usmepenus pasHOCTH
da3 - pazomerp ©2-34.

Tabnuua 1

Uix=5B, f=5xI'u, R1=5000mM, R2=300Om,
Namepsiembie | R ip =100 Om, L = 13mI'w, C = 0,02MxD

BEJINYNHBI Pesynbpratsl Pesynpratsl Pe3ynbpratsl
pacyeToB M3MEPEHUMN MOJEIUPOBAHUS

URHJ,B

Uri. B

Ur2. B

UL s

Uc s

TN

I2. A

I3, A

QR rpan.

ORI, rpan

QR2, rpan

QL. rpan.

QcC, rpan.

2.3.2. Ilopsiiok nmpoBeaeHM s IKCIIEPUMEHTA
1 00padoOTKM MOJY4eHHBIX Pe3yJibTaTOB

Bnauane crienyeT O3HaAaKOMUTBCA C OIKMCAHMEM JIaOOpaTOpPHOW pPabOTHI H
OCBOMTbH IIpaBUJIa MPOBEJCHUS H3MEPEHUM ¢ TToMoIbio dhazomerpa D2-34.

Jlanee Ha yHUBEpCaJbHOM JA0OPATOPHOM CTEHAE CcoOHMpaeTcs mepBas
uccienyemas uemns (puc. 8). [locie mpoBepkrn TPaBUIBHOCTH COOPKH CXEMBI
MpenojaBaTeyeM BKIIOYAETCS MNHUTaHUE T€HepaTtopa, BOJBTMETPOB Vi U Vo u
u3Mepurens pazHocta (¢a3. Ha reneparope ycranaBiauBaercss yactora 5 k[ u
BBIXOJHOE HampspKeHHe, paBHoe SB. BBIXOgHOE HaNpsKEHHE YCTaHABIMBACTCS C
MOMOIIbI0 MUJUIMBOJNIBTMETPA Vi. MuwimuBoast™MeTp V2  HUCHONB3YETCS IS
u3MepeHus HanpsokeHus U ;'m Ha pe3uctope Ry, a npudbopom d2-34 uzmepsercs
pa3HocTh (a3 Pru MEXIy HampspkeHueM U ;'m (CUTHAJBHBIM HAMPSKEHUEM U'3 )u
OTOPHBIM HaIpPSKEHHUEM U'2 ;. Ilonmy4yeHHble pe3ynbTaThl 3aHECTH B Ta01. 1.

C nomompto 3akoHa Oma, ucrnosib3ys u3MepeHHoe HanpspbkeHue Ury U
M3BECTHOE 3HaueHue Ry, omnpenpensercss [OelcTByollee 3HauyeHue Toka li.
[TonyuyeHHbIN pe3ynbTatT 3aHECTH B cTon0el «Pe3ynbraTel u3MepeHuit» B Tao. 1.
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Puc. 8. Cxema st u3MepeHust IelCTBYIONIEro 3HaUeHHsI HanpsbkeHus URu 1
ero Ha4aJIbHOM (ha3bl QRu

Tak kak B akTUBHOM CONPOTHBIIEHUU TOK U HANpPsOKEHUE COBIAAIOT 1o (ase,
TO HAWJEHHOE 3HaYeHWE HaudaJdbHOU (ha3bl OQry HampsokeHus Ugry, OyaeT Taxke
HavaIbHO (hasoii ¢r Toka ;.

Jlns w3MepeHusi JEHCTBYIOIIMX 3HAYCHWH M HaYalbHBIX (a3 Qri U OQr2
HaIpsHKECHUN Ugl u U,.}.z CJIEIyET B UCCIEAyeMOM cxeMe (puc. 8) 3allyHTUPOBATH
(3axkopoTuTh) pe3uctop R 1 B BeTBU 1-3 M paclryHTUPOBAThH (BKJIIOUUTH B CXEMY)
TaKou ke pe3uctop R i1 B BeTBH 2-4. ITO HEOOXOIUMO JJISI TOTO, YTOOBI cXeMa
LeNH HE HM3MCHHIACh, U B HEH MOXHO ObUIO OBl OMPEIEIUTh CIOBHT (a3
HaIpsHKeHUH U4 Q| UJ3 OTHOCHUTEJIBHO OIMOPHOTO HAMPSKEHUS Uﬂ B cxeme nenu
BCE OTH HANPSDKCHUS JOJKHBI MMETh OOIIMN 3a3eMJICHHBIN y3en (MM SBIISETCS
y3en 1). Ecnim B cxeme He OyaeT oOIeit 3a3eMICHHON TOUKHU Y THX HaIPSIKCHHH,
TO (pazomeTp OyneT JaBaTh HEBEPHBIC MMOKA3AHMUS.

CxeMa, COOTBETCTBYIOIIAsI YKA3aHHBIM MTPE0OpPa30BaHUSIM, [IPUBE/ICHA HA PUC.
9. Ee neoOxomumo coOpath Ha JabOpaTOpPHOM CTEHJAE. 3aTeM C IOMOIIBIO
MUJUTHBOIBETMETpa V2 U (hasomeTpa u3mMeputh AciicTByromue 3HaueHust Urt 11 Ur2
M HayajabHble (a3bl Qr1 U @Rz ITUX HANPSIKEHUU U;}.l 51 ng. [lonyuennble
pe3yabTaThl HEOOXOUMO 3aHECTH B cTonOel «Pe3ynbrartsl u3MepeHuin» Tadm. 1.
Ucnonp3ys nsmepennsie HanpspkeHus Urt 1 Ury 1 u3BecTHBIE 3HaueHUs R1 u Ry,
paccuutath TOkM |2 u l3. TlonmydyeHnbie pe3ynbTaThl Takke 3aHecTd B Taba. 1 B
croisiden «Pe3ynbTaThl U3MEPEHUI».
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Puc. 9. Cxema u3mepeHus ACHCTBYIOIMNUX 3HaUeHN HanpspkeHuit Uy, Uz2 nux
HaYyaJbHBIX (a3 GRLH QR2

JIJ1st i3MepeHus ICHCTBYIOINX 3HAYCHUN M HadaabHBIX (a3 Hanpsokenuit U
u U- B kaxmoll W3 mapajulelIbHBIX BETBEH CXEMbI HYKHO IMOMCHSTh MECTaMH
PCaKTUBHBINA 3JIEMEHT ¢ pe3uctopoM. Torna y Hanpsokenuit U;, U- w omopHoro

HaIPSHKESHUS U;,_l Oymer oOmmMi 3a3eMyICHHBIA y3en 1, ©W MOXHO Oyaer
OTIPENICIUTh CABUT (a3 MEXKIy HAMPSHKCHUSMH Ha PEaKTHBHBIX DJIEMEHTaX |
OTIOPHBIM HAIPSKECHUEM.

Cxema, COOTBETCTBYIOIAsl STUM U3MEHEHUSIM NpuBeeHa Ha puc. 10.
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Puc. 10. CxeMa a5t u3MepeHUsl ISHCTBYIOIINX 3HAYCHUN M HaYaabHbBIX (a3
oLy oC Hanpsokenui U, U

CoGpatb gaHHY0 cxemy. [10 aHANOTHH ¢ PEXbIAYIIME n3MepeHusMu Uy, 1

Ugé IPOU3BECTH U3MEPEHUS IEUCTBYIOUIMX 3HAYEHUW HANPSKEHUN U U UC, a
TakKe WX HadaJdbHBIX (ha3 Oc U @L. Pe3ynbraTs M3MEPCHUH 3aHECTH B Tabmnuiy 1.

CpaBHUTH HavaJbHbBIE (Pa3bl HAMIPSKEHUS U U TOKa I B MHAYKTUBHOCTH. X
Pa3HOCTh JOJKHA COCTaBJIATH BelMYMHY Onu3Kyro K 90°, Tak kak HanpsykeHUE Ha
UICATBHOW HMHIYKTHUBHOCTH (QKTHBHOE CONPOTHUBICHHE KOTOPOW PaBHO HYIIIO)
onepeskaeT MPOTEKAIOIWUiA Mo Hell Tok Ha yron, pasHblii 90°. B cxeme Makera
UCIIONB3YETCSl peajbHas WHIAYKTUBHOCTb, MPEJACTaBIAONIas COOOM KaTyIIKy
WHIYKTUBHOCTH, UMEIOIIAsl ONPEICIICHHOE aKTUBHOE conpoTuBieHue. lloatomy B
JAHHOM CJIy4ae yroi caBura (a3 Mexay HampsHDKeHHEM M TOKOM B WHIYKTUBHOCTH
oynet menbIe 90°,

CpaBHUTH TakXe HYXHO HadaibHble (a3bl HANPSDKEHUS W TOKA,
MIPOTEKAIOIIETO YE€PE3 €MKOCTh. B MAEanbHON €MKOCTH HANpPSIKEHUE OTCTAET OT
npoTekaromiero yepes Hee Toka Ha 90°. B paccMarpuBaeMoii cXeMe HCHONIb3yeTcs
peabHbIN KOHJIEHCATOP, o0Jiaiaronuit ONpPEAEICHHBIM AKTUBHBIM
conpotuBieHreM. CreaoBaTeNbHO, B MCCIEAYEMOW CXEME Pa3HOCTh HayaldbHBIX
(a3 HanpsyKeHUs ¥ TOKa I0JKHA ObITh 6iu3Ka K 3HaueHuio (- 90°).

[lo pe3ymbTaTam NPOBENCHHBIX B paszfeie 2.3. UCCIENOBAHWUN TOCTPOUTH
BEKTOPHBIC AHarpaMMBbl TOKOB W HAINPsDKEHUN HA 3JIeMeHTax paccMmorpeHHor RLC
— LEIN.

CpaBHUTH pe3yJIbTAThl PACUY€TOB TOKOB M HANPSIKEHUHM B PAaCCMOTPEHHOU
LENH, TMOJYYEHHbIE TEOPETUYECKA W JKCIEPUMEHTAIbHO HA YHUBEPCAIBHOM
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nabopaTopHOM CcTeHzae. PacxokieHuss B pe3ysbTraTaX pacdyeToB  JTOJIKHBI
cocTaBiATh He Oonee 5%. BO3HUMKHOBEHHME HMX CBS3aHO C TE€M, 4YTO NpH
IIPOBEJECHNUN JKCHEPUMEHTAIBHBIX HWCCIECIOBAHUM BO3HHUKAIOT IOTPELIHOCTH
U3MEpPEHU, OOYCIIOBJIEHHBIE KJIACCOM TOYHOCTU HCIONB3YEMBIX NPUOOPOB M
MOTPEIIHOCTBI0  HOMUHAJIBHBIX  3HAYEHHUW  DJIEMEHTOB, HCIIOJNB3YEMBIX B
YHHUBEPCAIBHOM J1a00PaTOPHOM CTEHJE, YKa3aHHON HAa CAMUX JJIEMEHTaX.

3. COAEP)KAHUE OTYHETA

Omuem Oondcen cooepocamn:

- HAaIMEHOBaHUE U 11elb paldoThl;

- CXEMBI HCCIIENYEMBIX LIETIEN Ul CTEHIA M KOMIIBIOTEPA U HOMUHAIBHBIC 3HAUCHUS
IEMEHTOB CXEM;

- TaOnuily  pe3y/lbTaToB M3MEPEHUH M PACCUMTAHHBIX 3HAYEHUH TOKOB H
HaIPSHKCHUM;

- UCTIOJIb3YEeMbI€ MPU pacueTax (opMyJibl M CAMU PACUEThl TOKOB M HAIIPSKCHUH;

- BEKTOPHBIE JuarpamMMbl TOKOB M HAIIPSDKEHUM IO pe3ysbTaTaM pacyeToB U
M3MEPEHNI Ha 17a00paTOPHOM CTEH/IE;

- BBIBOJIbI O PE3yJIbTaTaxX UCCIIEAOBAHUS.

4. BOIIPOCBHI U151 CAMOKOHTPOJIS ITPU NOAT'OTOBKE
K JTJABOPATOPHOU PABOTE

=

N3 xakux peanbHbIX 3JIEMEHTOB COCTOUT JIEKTpUYECKast 1Eb?

2. Kaxkue naeann3upoBaHHbBIE JIEMEHTHI UCIIOJIb3YIOTCS TIPH COCTaBICHUU

pacyeTHON CXeMbI 3aMEIICHUS 11T ?

Kaxkoii y3emn aIeKTpuIecKoi ey CUrTaeTCss 0a3uCHbBIM ?

Kaxk onpenenuth HanpaBieHHEe TOKa B BETBH, €CITU U3BECTHBI TOTCHIIUATIBI

y3710B?

Kaxkue xonebanust Ha3pIBalOTCS TAPMOHUUECKUMU?

Kakue snekTpuueckre BeIMUYUHBI Ha3bIBAIOTCSI MTHOBEHHBIMH ?

UTto Takoe AeMCTBYIOIIEE 3HAUYEHNE TEPEMEHHOT0 TOKA WU HAINPSKEHUS ?

UYro HazpiBaeTcs (a3oit u HavabHOU (Pa3oil rapMOHUYECKOTO KoJIeOaHus?

. Kakoe uncno Ha3pIBaeTCsi KOMILIEKCHBIM ?

10. Kakwue cymiecTByIOT (hOpMBI 3aITUCH KOMIUIEKCHOTO 4rciia?

11.Kak onpenenuTs MOAYJb U apryMEHT KOMILIEKCHOTO uncia?

12. Kak ckIaapIBarOTCs, BEIYUTAIOTCS, YMHOXKAIOTCS U ACIATCS KOMIUICKCHBIC
yucia?

13. Yrto Ttakoe caBUT (a3 ¥ 4TO OH XapaKTePHU3yeT?

14. Kakoii yron cipura (a3 Mexay HanpspKeHHEM M TOKOM B aKTHBHOM
CONPOTUBJICHUU?

15. Kako#i yron casura (a3 Mexy HanpsiK€HUEeM M TOKOM B MHIYKTUBHOCTHU U
€MKOCTHU?

16.Kak paccunTaTh TEOPETUUECKU U OTPEICITUTH SKCIEPUMEHTAIBHO CABUT (a3

MEXK]ly HAIIPSIAKEHUEM U TOKOM?

s w

© NGO
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17. 3anumure B KOMIIEKCHOU (hopme 3akoH OMa JiJ1s yyacTKa Lely,
CoJiepKalllero MICTOYHUK HaIPsKEHUs, aKTUBHOE CONPOTUBJICHUE,
UHIYKTUBHOCTh U €MKOCTh?

18.Yto Takoe LIYHT U JIJIs1 YETO OH UCIIONb3YETCs B CXeMax?

19. Kak u3Meputh HauanbHYIO (pa3y TOKa B BETBU?

20. Kak u3MepuTh TOK B LIENW IIPHU MOMOIIH BOJbTMETpa?

21. Kak nepeiT oT 3anMcy TOKa WK HAMPSHKEHUSI B CHHYCOUIAIBHOU popMe K
3aUCH UX B KOMIUIEKCHOHU hopMe 1 Ha000poT?

22. Hapucyiite TpeyrojbHHUK CONPOTUBIEHUI nocnegoarenbHol RLC — nenu.

23. Kak 3aBUCST peaKTHUBHBIE CONTPOTUBIICHUS UHTYKTUBHOCTU U EMKOCTH OT
Y4acTOTHI?

24. Kax onpenensieTcsi cABUT (pa3 Mexay ABYMsI CUHYCOUAAIIbHBIMU
HaIPSKEHUAMU ?

25. Kax onpenenuts yroa caBura gpa3 Mexay CUHYCOUIaJIbHBIM HanpsDKeHUEM U
CUHYCOUJATbHBIM TOKOM ?

26. Kak Ha3bIBaeTCs MOAYJ b KOMILJIEKCHOTO COPOTUBIEHUS?

27. Kak Ha3pIBaeTCs apryMEHT KOMIUJIEKCHOTO COMPOTUBIICHUS ?

28. 3anuiure B KOMIUIEKCHOUM opme 3akoH Oma jy1s nocieaoBatenbHot RLC —
(1178

29. Jly1s1 uero UCmosb3yeTcs 3a3eMIICHHUE MPU COOPKE CXEMBI 1IETIH Ha
1a00paTOPHOM CTEHJIE U Ha KOMITbIoTepe?

30. [IpaBumna 1 NOPSAIOK COCTABIICHUS CXEMBI IIETIH Ha KOMITBIOTEPE C MOMOIIBIO
IIpOrpaMMbl KOMITBIOTEPHOTO MoaenupoBanus EWB.

31. Kak ycTaHOBHUTH U U3MEHUTh HOMUHAIBHOE 3HAUEHHE MTapaMeTpa dJIeMEHTa
CXEMBbI I[EMU TIPU KOMITBIOTEPHOM MOJIETUPOBAHUH ?

32. Kakoit mpubop Ha3bIBaeTcs u3MepuTeseM pasHoctu ¢a3. Kak u pazHOCTh
Kakux (a3 oH uamepseT?

33. IlpaBuia BKIFOUCHUST U3MEPUTENS PA3HOCTH (a3 B CXEMY.

34. Kak u3MepuTh HapsHKEHUE MEXKITY JIBYMS Y3JIaMu ?

JlJaGopaTtopuas pab6ota Ned

NCCIIEAOBAHUE BXO/JHbIX U ITEPEJJATOYHBIX
XAPAKTEPUCTHUK ITPOCTEMIINX DJIEKTPUYECKUX LIEIEN

1. O0uue monoxkKeHUA
K mnpocrediinM 3JIEKTPUYECKUM IENsIM MEPEMEHHOTO TOKAa OTHOCATCS UEMu
MEPBOTO TOPS/IKA, MPEICTABIAIONINE COOON HEPa3BETBICHHBIC JBYXAJIEMEHTHBIC
YETBIPEXIOIIOCHUKN C OJIHUM PEaKTUBHBIM 3eMeHTOM. [IpuMepbl Takux nenein
MPUBEAECHBI HA PUCYHKE 1:
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PI/IcyHOK I- I[ByXBJ'IeMeHTHBIC HCPA3BCTBJICHHLIC LICIIN IICPBOTO MOPAIKA

BaxxnelmuMu 4acTOTHBIMHU XapaKTCPUCTUKAMU TaKHUX HeHeﬁ ABJIIAKOTCA BXOIHBIC
U TICPCAATOYHBIC XAPAKTCPUCTUKHU. B uucno BXOOHBIX XApPAKTCPHUCTHUK BXOIAT

BXOJHOC KOMIIJICKCHOC COIIPOTUBJICHUC ZBX(JCO) N BXOJHasA KOMIIJICKCHAA
IMpOBOANMOCTD XBX(JCO) . B uwmcno MNEePCAAaTOUYHbIX XAPAKTCPUCTUK BXOIAT:

nepesaToynHble GyHKIMHK Heny no Hanpsokenuro Hy (jo) u Toky H, (J®) | a Taxxe

nepeaTouHoe COnpoTHRiIeHue Hz (Jo) 4 nepenaToyHas MpoBOJAUMOCTD Hy (J@) |
BxonHoe KOMIUIEKCHOE COMPOTUBIEHUE TMPEACTaBIsIET COOOM OTHOIICHHE
BXOJITHOTO KOMIUIEKCHOTO HAIPsKEHHS K BXOJHOMY KOMIUIEKCHOMY TOKY:

Z,(jo) =22 )

I(?.X

IIpy u3MeHEHMM 4YacCTOTHI COIPOTUBIICHUSI PEAKTUBHBIX JJIEMEHTOB L C
U3MEHSIIOTCS, 4, COOTBETCTBEHHO, U3MEHSAIOTCS MOJYJIb U ApTYMEHT KOMILIEKCHOTO

CONPOTHUBIICHUS ZBX(JC"). 3aBUCUMOCTh MOJYJIS BXOAHOTO KOMILUIEKCHOIO
CONPOTUBIICHUSI OT YAaCTOTHl HA3bIBAETCS BXOJHOM AaMIUIMTYIHO-4YaCTOTHOMU
xapaktepuctukoil nenu (AUYX), a 3aBUCMMOCTh aprymMeHTa KOMILJIEKCHOTO
BXOJIHOTO COMPOTHUBJICHUS OT YacTOThI HA3bIBACTCS BXOAHOW (pazodacToTHOM
xapaktepuctukoit nenu (OUX). [Ipu ananuze npocTeIInX 3IEKTPUUECKUX LEenen
BBIpa)KEHUE KOMILJIEKCHOTO BXOJHOI'O COMPOTUBIICHUS JIETKO 3alUCcaTh MO BHUIY
CXEMBI LIEeTH.

Ecnu Ha Bxon 110001 U3 MPUBEAECHHBIX CXEM (PUCYHOK 1) MOJKIIOYUTH HCTOYHUK,
a Ha BBIXOJ — HAarpy3Ky, TO KaXIyl0 M3 CXEM MOXXHO paccMaTpuBaTh Kak
MepeIaTouyHoe 3BeHO. JUIs KaXkJaoM M3 CXE€M B 3TOM CIIydyae MOXHO 3aIKcaTh
BbIpaK€HUE JI000M U3 mepeAaTOuHbIX (DYHKIMHA IIE€NH, OTMEUEHHBIX Bbilie. B
oOmem ciayyae Jmro0asi W3 NepeAaTOYyHbIX (YHKIUNA MpeNCcTaBisieT CcoOOoi
OTHOIIIEHHE KOMIUIEKCHOTO 3HA4Y€HUsI BBIXOJIHOIO HAMPSKEHUS WIM TOKA K
KOMILUIEKCHOMY 3HAUE€HHUIO BXOAHOTO HampsbKeHusl win Toka. Haumbosee mupoko
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NpU  WCCIEAOBAHUU  DJICKTPUYECKUX  UEMEN  HUCMOJb3YETCs  KOMIUIEKCHAs
nepegaTouyHas (QYHKIUS LENU MO HaMpPSKEHUIO Hu(ja)), WHOTIa Ha3bIBaeMas

KOMIUIEKCHBIM ko> dHIMeHToM Tepeqaud mend no Hanpsxenuio Ku(jo).
KommnekcHass nepenatouyHas (QyHKOUS LENUW IO HANPSIKEHUIO MPEACTaBiIsSeT
coOOl  OTHOIIEHHE KOMIUIEKCHOIO JEHCTBYIOLIErO0 3HAYEHUs BBIXOIHOTO

?

HaIIpsKCHUA Ugbe K KOMIIJICKCHOMY ﬂGfICTBYIOHleMy 3HA4YCHUIO BXOAHOI'O

nanpsokenns Uy

Hy (jo) == @

6x
Beipaxenue Hu(jw) MoxHO 3anmcath B mokasaTenbHOU (opme (MHIEKC y B
JalbHEHIIeM yKa3blBaTh HE OyneM, Tak Kak BBIPAKEHUE dTOW XapaKTEPUCTUKU B
OTJIMYWE OT BBIPAKCHUU JPYTUX XapaKTEPUCTHK, KaK MPaBUIIO, 3aITUCHIBaeTCs O€3
WHJICKCA):

H(jo)=|H(jo)|-e"”. 3)
Moynb KOMITICKCHOM niepeaaTouHoi GpyHkuuu no Hanpsokenuio |H(jw)| = H(w),
NPECTABIIAIONINNA cO00I OTHOIIEHWE MOJYJIS BBIXOJHOTO HAMPSDKEHUS K MOJIYITIO
BXOJHOTO HAINpPSHKCHUS, HA3bIBACTCA AMILTUTYJHO-YaCTOTHOW XapaKTepUCTUKOM
nenu (AUX), a apryMeHT KOMIUIEKCHOM MepeaTOuHON (PYHKIIMU M0 HAPSHKEHUIO
¢(®), npencrapnsiomuii coboii pasHOCTh HAYAIbHBIX (D3 BHIXOAHOTO M BXOJIHOTO
HaIpsDKEHUM, Ha3bIBaeTCs (pa304acTOTHOM XapakTepuctukon nenu (OUX).
[Ipu u3MeHeHusX 3HAYCHUN HANpPSHKEHWM Ha BXOJIE M BBIXOJE LIEMU B IIMPOKUX
npeaenax MOJb3YIOTCS Jorapu(PMUYECKHM MacimTaboM W JorapuMUIeCKOn
eIUHUIIeH u3MepeHus - neuuden (1b).

3HaYeHUE MOIYJIS H(a)) BBIpOKCHHOE B Jieln0esax, 3aichiBacTCs B BUJIC:

H(w) = 20Ig‘H(ja))

, 1b (4)

[IpousBoaHAasE apryMeHTa KOMIUIEKCHOM MepelaTouHoN (YHKIMHA T10 9acTOTe

_ do(w)
do

®)

Ha3bIBaeTcsi BpeMeHeMm 3ajepxkuBanus (B3). B3 mokasbiBaeT BpeMsi 3aJepiKKu

3

CIIEKTPAIIBHOW COCTABJISIFOIIEHA CHUTHAjJa C 4YacTOTOM (D TPU MPOXOKICHUU Ero
4yepe3 LETb.

JIns HeHCKaXEHHOH Tepeiadyi BXOHOTO CUTHAJIA Yepe3 Ielb HE00X0MMO, YTOOBI
AUX nenu B 3aJaHHON MOJIOCE YacCTOT ObLTa mocTosiHHOM, a PUX — nuneiHou (B3
- koHcTaHTa). AUX 1 @YX Takux 1neneit UMeroT BUI (PUCYHOK 2):

38



4 1) 4 0l®)

[(0)

Pucynok 2 - AUX u ®UX nenu, odecrneunBaroneil HEMCKaXKEHHYIO Tiepeaady
CUTHana
Ecru AUYX 1nenu wuMeeT TMOCTOSIHHOE 3HAY€HUs, TO BCE CIEKTpajbHbIC
COCTaBJISIOIINE MEPEIABAEMOI0 CUTHAJIA U3MEHSIOTCS Ha OJIMHAKOBOE 3HAYEHUE 110
ammuintyne. B 3ToMm cilyyae B BBIXOJHOM CHUTHAQJIE€ COOTHOLICHUSI MEXKIY
aMIUTUTYIaMU CIIEKTPAJIBHBIX COCTABISIONIUX OYAYT TAKUMHU K€, KaK BO BXOJHOM
CUTHaJ€ M TO3TOMY B BBIXOJIHOM CHUTHajie OyayT OTCYTCTBOBaThb aAMIUIUTYHO-

JaCTOTHBIE WCKaXeHus ero ¢opmbl. Bemwmuuna 1Q o ompenenser Bpems
3a/Iep)KUBaHUsl KaXXI0W U3 CHEKTPAJIbHBIX COCTABJISAIOIIMX BXOJHOTO CHUTHAja MpHU

KOHKPETHOM 3HA4YCHUM 4aCTOThI (. Ecan YTOoJI HaKJIOHA dYX o nmocTossHEH JJIA

BCEro JMana3oHa YacTOT, TO BpeMs 3ajJepKuBaHus Ts, paBHoe [ o Oymer
OIMHAKOBBIM JUIsl BCEX CIHEKTPAJbHBIX COCTABJISIOIIMX BXOJIHOIO CHTHAla.
BcenenctBue storo  yrom caBura a3 MeEXIy BCEMHU  CIEKTpPaJIbHBIMU
COCTAaBJISIIOIIMMU B BBIXOJHOM CHUTHAQJIE COXPAHUTCS TaKHM JK€ BO BXOJIHOM
CUTHaJle, U B BBIXOJHOM CHUTHaJle OyAyT OTCYTCTBOBaTh ()a304acTOTHBIC
UCKaXeHUs1 (POpMBbI BXOJHOTO curHana. [Ipu BBIMOJHEHWH ATHUX ABYX YCIOBHUH
¢dbopMa BXOJTHOTO M BBIXOJIHOTO CUTHAJIOB OYJET OJMHAKOBOM, T.€. HE IPOU30UIET
€€ UCKaXKEHUSI.

Ha npakTuke 10CTaTOYHO BBINIOJHEHWE AAHHBIX YCJIOBUN B Ipeaeiax LIUPUHBI
CIIEKTpa BXOJHOTO CUTHAJA.

[Ipr HEBBINOJIHEHWM YKA3aHHBIX YCJIOBHH, B BBIXOJHOM CHUTHAJ€ BO3HUKAIOT
aMIUTUTYJHBIC U (Da30BbIe HCKAXEHUS, W (OpMa CUTHAIA HAa BXOJE W BBIXOJIE MU
OyayT OTJIMYaThCA, W COOTBETCTBEHHO OylneT WCKaxkeHa uHdOpMaIm,
repeaBaeMas ¢ MOMOIIBIO 3TUX CUTHAJIOB.

Bxonnpie 1 mepenaTtounbie GyHKIIMU IIEMA MOTYT BBIpakaThCsi B ABYX (opmax:
ONEePATOPHON U KOMIIJIEKCHOM.

[Ipu 3amucu ¢GyHkOwii B omepaTopHOM (opMe HCHONB3YeTCS MPSIMOE
npeoOpazoBanue Jlammaca. BxogHoe compoTUBIeHUE TIENU B OnepaTopHOH hopme
MpEeACTaBIsieT COO0OM OTHOIIEHHE BXOJHOTO OMNEPATOPHOIO HANpPSDKEHUS K
BXOJHOMY ofepatopHoMy TOKy. Jlig ero 3amucu B BeipaxkeHun (1) HyXHO
3aMEHUTH NIEPEMEHHYIO jo omnepatopom Jlammaca p:
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U,.(p)
lox(P)

BeipaskeHne BXOAHOW omnepaTopHOil mpoBoauMocTd Y(P) 0OpaTHO BBIPAKECHUIO
OIIEPaTOPHOI0 BXOJHOTO COIPOTHBIICHUS.

Zyy(P) = (6)

BrIpaxeHuns onepaTtopHbIX HAIPSKEHUA U TOKOB U3BECTHBIX HANIPSIKEHUN U TOKOB
MOJIY4alOT C MOMOIIbI0 M300paxkeHuil no Jlamnacy, n300paxkeHus HEU3BECTHBIX
TOKOB U HANPSHKEHUH MOITYYalOT B IIPOLIECCE PACYETOB C OMOILBIO 3aKOHOB OMa 1
Kupxroda npu 3anucu conpoTUBIECHUN 3JIEMEHTOB LIEMK B ONEpaTOpHON (opme.
BrIpaxkeHne akTUBHOTO CONMPOTHUBJIEHUS OJWHAKOBO MPU 3aMKUCH B KOMIUIEKCHOM
U orepaTopHoil ¢opme. BripakeHUs CONPOTUBICHUA PEAKTHUBHBIX 3JIEMEHTOB
MOJIYYalOTCsl U3 BBIPAXKEHUN ITUX CONMPOTHUBIICHUN B KOMIUIEKCHOM (hopme myTem
3aMEHbI B HUX [IEPEMEHHON jo omneparopom Jlamiaca .

JI1s1 ”HOYKTUBHOCTH MPOU3BOAUTCA CIIEIYIOIIAs 3aMEHA!

Z,__(ja)):ja)l_ ZL(p):pL , (7)

JJI1 EMKOCTHU aHAJIOTHYHasA 3aMCHa.

Zc(jo)=1/ joC Zc(p)=1/pC (8)

Bripakenust nepenatouHord (yHKIMM TO HANpsKEHUIO B OmepaTopHod (opme
TaKke MOXHO MonyduTh W3  H(jw) myTem 3amMeHbl B HEM TEPEMEHHOH j@
orepaTopom p:

Hy (Jo) = % H, (p) = —LLJJ“”‘((;’)) 9)

68X
PaccmorpuMm  ompezneneHue  BBIPaKEHUH  BXOJHOIO  CONPOTHBICHHS U
nepeaaTouYHor (QYHKIIMU TI0 HANPSHKEHUIO JIEKTPUUECKOM eI , MPUBEACHHON Ha
pucCyHKe 3:

Pucynok 3 - Dnektpuueckas nens RL

ITo cxeme 1enu 3amuIIeM BBIPAKCHHUE €€ BXOJHOTO CONPOTUBICHHS B
omepaTopHo# hopme:

Z,(p)=R+Lp, (10)

H3 KOTOPOro MOKHO IIOJIYYHTHb BBIPpA’KCHUC BXOJHOI'O KOMILICKCHOI'O
COIMPOTHUBJIICHUA:
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Z,(jo)=R+ jol (11)
Breipaxenuss Moayns BXOZHOTO COIPOTHUBIICHUS ng(a)) (Bxomuout AUYX) u

apryMeHTa Ozsx (@) (BxogHon ®UX) 3anuchiBalOTCS B BUIC:

Z, (a)) =R+’ ® (12)
ol
(PZBX(CU) = arctg ? (13)

I'paduxu pynkimii ng(a)) U Qzpx(®) KOMIUIEKCHOTO BXOJHOTO COMPOTHBICHUS

nenu, u300paxeHHOW Ha PUCYHKE 3, PUBEEHBI HA PUCYHKaX 4 U 5:

7. (0)

o
=

Pucynok 4 — I'paduk Bxogunoit AUX anexrpudeckoi mernu RL

'E"J'
-

Pucynok 5 — I'padux Bxoguoit ®UX anexrpuueckoit ienu RL

Jlns pacuera mepemaToyHo (YHKIHH B omepaTopHOl (opme BHadame
3aMuIleM BBIPAKEHHE BXOAHOTO TOKA B IIETIH:

U.(p) _U.(p)
Z,(p) R+Lp
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Bripaxenue omepaTOpHOr0 HAMpsHKEHUsT HAa BBIXOJIE OMPEACIIMM IO 3aKOHY
Oma:

U,..(p) = |(p)-26bm(p):%{;p

OnepatopHas mepenaTouHass (QyHKIUS I[ENU IO HANPSKEHUIO B pPeE3ysibTaTe

(15)

3aIIUIICTCA B BUAC:

U,..(p) Lp
H — BblX —
(=00 ReLp:

Jlis mepexoja OT ONEpaTOpHON mepeaaToyHo (YHKUMM K KOMIUIEKCHOM

(16)
3aMEHUM NEepeMeHHy0 P Ha jo.

. jool
H(Jw)=%jwl_. (17)

N3 (17) onpenenum Beipaxenus st AUX nu ®UX nepegatouHon QyHKIMM:

ol

H(jo)=H(®)= —"
Hljo)=H0)=——r: (18)
L L L
go(a)):®(a))=arctg%—arctg%=%—arctg% (19)

I'padukn dyukumit H(w) u O(w) nepeaatodnoit GyHKIHUN IETH, U300paKCHHOM
Ha PUCYHKE 3, IIPUBEACHBI HA PUCYHKaX 6 U 7:
§ H(®)

Pucynok 6 — AUX snekrpuyeckoii nenu RL
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Pucynok 7 - @YX snexrpuueckoit nenu RL

2. 3anaHue Ha J1a00OpPaTOPHYIO PadoTy

enpto nanHoM nabopaToOpHON PabOTHI SBIISIETCS HCCIICIOBAHUE BXOJHBIX U
nepeaTOuYHbIX  aMIUIUTYJHO-YaCTOTHBIX M (Da304aCTOTHBIX  XapaKTEPUCTHUK
MPOCTEUIINX FIEKTPUUECKUX LETIEH C OJHUM PEaKTUBHBIM 3JIEMEHTOB.

JlaHHBIE XapaKTEPUCTUKHU OMPEACIAIOTCS ISl OJHOM M3 YKa3aHHBIX BBIIIE
CXEM IIeTel pacYETHBIM M AKCIEPUMEHTAIbHBIM NyTsMU. VIccrnenyemMyro 1enb U €€
napaMmeTphbl 3aJaeT MpernojaBaTeib, NpoBoasui 3ansaTue. [lopanok npoBeneHus
UCCleIoBaHui onucaH Hke. [IpoBoasATCS OHM Ha YHUBEpCAIbHOM J1ab0OpaTOPHOM
CTEHJIC M C MOMOIIBIO MPOrpaMMbl KOMITBIOTEPHOr0 MojeaupoBanusi Electronics
Workbench (EWB).

[lomyyeHHbIE 3KCIMEPUMEHTAIBHO W PACCUUTAHHBIE TEOPETHUUYECKUM IyTEM
pe3yNbTaThl 3aHOCATCA B TaONMIBI, a 3aTeéM IO HUM CTPOSATCA Tpauku
UCCIIEAYEMBIX XapaKTEPUCTUK. Bce 3T pe3ynpTaThl, a TAKKE CXEMBI UCCIENYEMBIX
nene, GopMylibl, HCIOJIb3yEeMbIEe MPHU pacyeTax, U CaMH pacueTbl 3aHOCITCS B
OTYeT 10 JJabopaTOPHOM padoTe.

3. DKcnepuMeHTAJIbHOE HCCIEeJ0BAHNE BXOAHBIX XaPAKTEPUCTUHK
ieKkTpuyeckoi nenu RL

3.1. IloaroroBka ucciaeayeMoi nenu Ha JJaOOpPaTOPHOM CTEeH/Ie

JInsi SKCHEepUMEHTAIBHOTO HCCIEIOBAHMSI YACTOTHBIX XapaKTEPUCTUK BXOJHOTO
CONPOTUBIICHUSI HCCIENYEMOW DSIIEKTPUYECKOW I€NU C OJHUM PpPEaKTUBHBIM
AJIEMEHTOM C TIOMOIIBIO YHHUBEPCAIHHOTO JIA0OPATOPHOTO CTEHNA, HEO0OXOIUMO
coOpaTh CXxeMy 3TOH IIeTh Ha JAaHHOM CTeHJe. [l mccmenoBaHust BRIOEpEM IIEITb,
MIPUBEAECHHYIO HAa PUCYHKE 6:
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Pucynok 6 - Cxema ucciemayemoii anektpudeckon menu RL

B kauecTtBe HMCTOYUHMKA 3.14.C. B LENHM HCHOJb3yeTcss reHeparop [3-112, a B
KayecTBE DJIEMEHTOB ILIE€MM HUCIHOJB3YIOTCS  DJIEMEHThI, pa3MEIIECHHbIE B
nabopatopHoM cTeHae. s u3mepeHus AEHCTBYIOMMX 3HAYCHUM HANpPsHKECHUN
UCIIOJIb3YIOTCS IBa MIIITUBONIbTMETpa B3-38, a g usmepenust pasHoctu ¢as -
dazomerp D2-34.

Bri6epem cnenyroniye 3Ha4€HUs 3JIEMEHTOB 1ETH:

- conpotuBieHus pe3uctopon: R =100 Om, R, = 100 Owm,

- BeauuyuHa UHAYKTUBHOCTH L = 10 MI'H.

I'enepatop ['3-112 1 MUITUBOIBTMETPHI PaHEE IIUPOKO UCIIOIB30BAINUCH IIPH

BBITIOJIHEHUH J1a00paTOpHBIX padoT mo aucuuruinae TOL, a pazomerp D2-34
IPUMEHSICS PENIKO, IO3TOMY paCCMOTPHUM MOPAIOK €T0 UCIIOIb30BaHUS.

3.2. Ilopsiaok ucnosb3oBanusi ¢pazomerpa ®2 - 34

N3ameputens pasHoctn a3 ((pazomerp) mpeacTaBiseTr coboi  mpuodop,
U3MEPSAIONINA  pa3sHOCTh (a3 JBYX HaNpsSOHKEHUH TapMOHUYECKON (OpPMBEI.
HampsikeHne, OTHOCHTENBHO KOTOPOTO u3MepsieTcss capur ¢a3 (OmopHoe),
Mo/aeTcs Ha pasbeM 2, a HampsbkeHwe, (asy KOTOPOro HeoOXOAMMO H3MEpPHUTH
(curnasbHOE), MoJaeTcs Ha pazbeM 1. PazbeMbl pacnonoKeHbl Ha JIMIEBOM MaHeIn
npubopa. B maboparopun ucnonszyercs pazomerp O2 — 34.

IIpn npoBeaeHUM H3MeEpPEeHMHM HEAOIMYCTHMO NMOJAaBaTh HAa pa3bembl 1 um 2
HANPSI2KeHUs, JeHCTBYOIIME 3HAYEHHUS KOTOPBIX NpeBbIIaT 7 B.

Cxema BKIIIOUCHHS (pa3oMeTpa MpUBEIeHA HA PUCYHKE 7:
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Pucynok 7 - Cxema BkitoueHust u3Meputens paznoctu pa3 ©2-34 npu
UCCJIeIOBAaHUU NEPEAATOYHON PYyHKIIUU

[Tpu nmonkitoueHNH COEAUHUTEIBHBIX Kabenei pazoMerpa K UcCcieyeMoi 1enu B
MEPBYIO OYepe/lb MOIKIIOYACTCS 3a3€MJICHHBIN MPOBOJHUK KaOess, OTMEYCHHBIH
CIIeIUAJIbHBIM 00pa3oM (YE€pHBIM IIBETOM WJIU CHICIMaIbHBIM 0003HaueHueM). [Ipu
NOJIKJIFOYEHUH COEIMHUTEIBHBIX Kabeneil cieayer  coOitonath MOJISPHOCTh
MOJKIIOUEHUsI: 3a3€MJICHHBIM MPOBOJHUK Kabens HEeoO0XOIUMO TMOAKIIYATh
TOJIBKO K 3a3€MJICHHOMY KOHTAKTY IIeTH (B IPOTUBHOM CJIydae, MOXKET IIPOU30NTH
KOPOTKOE 3aMbIKaHHe, WM MpUOOop OyAeT MoKa3bIBaTh HEBEPHBIE PE3YIbTAThI).

B paccmarpuBaemoit cxeme (pucyHok 7) ¢azomerp wusMepser casur (a3
Hanpspkeruss U, (CHIHAJIBHOTO) OTHOCHTENBHO HampspkeHns Us,; (OIOPHOrO).
Crnengyer OTMETHTb, YTO 00a HANPSXKEHUS: CUTHAJIBHOE M OMOPHOE 00s3aTeIbHO
JIOJDKHBI UMETh OOITyI0 TOYKY (B JaHHOM ciydae y3el 1), KoTopas JAOJKHA OBITh
3a3eMJIeHa.

[Tocne moaxmtodeHus: dazoMerpa B CXeMy MEpe] HayaloM H3MEPEHUs pa3HOCTU
¢a3 HeoOXOIMMO Ha)KaTh KHOMKY «(» Ha JuIleBoM maHenu mpuoopa. Ilocie
Ha)KaTHsl KHOTIKU TMPOUCXOAUT MUK yCTaHOBKHU HYJs (mpumepHo 70 cexynm). O6
OKOHYaHUU ATOr0 IUKIA CBUAECTEIBCTBYET NEPUOAUYECKOE MUTAHUE HHKHETO
cerMeHTa uHaukaropa «° (rpaunycsi). [locme atoro uepes 3 — 5 cexkyna Ha Tabio
npubopa BHICBEUMBACTCS 3HAUYCHHE yria caBura (a3 wucciaemayeMoro CurHaia
OTHOCHUTEJIBHO OMOPHOTO.

Ecnu 3nauenne cnsura a3 Ha mpubope Haxoautcs B npeaenax 0 — 180° to ono
COOTBETCTBYET JEHCTBUTEILHOMY CHBHUTY (a3 Mexay HampspkeHusmu. Ecnm ke
3HaueHue yria casura (a3 Haxomutcs B mpenenax 180 — 360°. To u3 3HaueHUS,
MOKa3bIBAEMOro MpuoopoM, cieayeT BbryecTb 360°. ITlomyyeHHoe TakuMm oOpazom
3HaueHHEe OYJET COOTBETCTBOBATH MMEIOIIEMY MECTO CABUTY (a3 MEXIy ABYMsI
HanpspKeHUsIMUA (B JaHHOM  ciiydae cABUT (a3 MexXAy HampsKEHUsSMH OyneT
OTpULIATENIbHBIM, T.€. CHUTHAJIbHOE HalpsbkeHue 1o (asze Oyner omnepexarb
OTIOPHOE).
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[Ipy mnepexItouYeHUH CUTHAJIBHOIO MPOBOJHUKA COEIMHHUTEIBHOTO Kabens K
ApyromMy y3i1y HCCIEIyeMOW LenMu Uil U3MEPEeHHs yria caBura a3z Mexny
COOTBETCTBYIOIIIUMU HAIIPSIKEHUSAMU, IOBTOPHO KHOIIKY «(» HA)KUMAaTh HE HAJO.
3HayeHue (Pa3oBOro CIBUTrA YCTAHOBHUTCA uepe3 3 — 5 cek Iocie MEPEeKIIOUEHUs.
KHonky «@» HeoO0XoIMMO HaXUMaThb MOBTOPHO IIpU  OTKJIIOYEHUU U
IIOCJIEAYIOIIEM BKIIOUEHUH I'EHEPATOPA, a TAKXKE IIPU U3MEHEHUU CXEMBI LIETIN WIH
CXEMBI U3MEPEHUM.

3.3. DkcnepuMeHTAJIbHOE HCCIeJ0BaHUE BXOIHBIX XapakTepucTuk nenu RL
Ha JIAa0OPaTOPHOM CTeH/Ie

ITocne Toro, kak cxema coOpaHa M INpPOBEpPEHa MNPENOJaBaTENIeM, MPOBOISLINM
3aHsATHE, HEOOXOIMMO BKJIOUUTH MUTaHHE BceX Mpubopos: reHeparopa ['3-112,
MUIMBOABTMETPOB B3-38 u dgazomerpa ®2-34. Ha BbIxoae reHeparopa HYX HO
YCTAaHOBHUTH HAIpPSHKEHUE CUHYCOMAAIbHONW (opmbl, paBHOe 5B ¢ momoibko
BosibT™MeTpa Vi. llogaepkuBasi HEM3MEHHBIM JTO HAIpsSHKEHUE TMPU  KakIOM
U3MEpPEHUH, MTPOU3BOIUM U3MEHEHHE YacTOThl reHeparopa B mpenenax: 1 — 10 kI’
(8 - 10 3nayenwmii). Ilpu ycTaHOBKE KaKIOTO 3HAYCHHS YACTOThl H3MEpSIEM
Hanpspkenne Uz u pa3HOCTh Ba3 @ usx - @ um MEXAY BXOJHBIM HANPSKEHUEM U
HanpsDKEHUEeM Ha comnportuBieHud Ry . B mpouecce uccienoanus tpelyercs
OMPEACTUTh MOIYJIb BXOJAHOTO CONPOTUBICHUS Zy(®) U €ro apryMeHT @zsx(®),
KOTOPBIE PACCUUTHIBAIOTCS C TIOMOILBIO CIEAYIOUIUX BbIpaXKEHUI:

Zex(a)) = ng/ I@Xl (26)

rne  Usx = UL,
a MOJYJIb BXOJHOTO ToKa ls ompenensercs mo gpopmyie:

ng: Uz /R I (27)

0zox (©) = ¢ Un(®) - @ 1ax (©) (20)
Tak xak (aza HanmpspKEHHs] HA aKTUBHOM COTPOTUBIICHUH Ry, coBmamaer ¢ dasoi

MIPOTEKAIOIIETO M0 HEMY BXOJIHOTO TOKa Ly

@ Un(®) = @ 1nx () (22)
TO W3MEPEHHBIN (azomMeTpoM caBur ¢a3 OyIeT COOTBETCTBOBATH APTYMEHTY
BXOJIHOTO COTIPOTHBIICHUS.
3HaueHWe apryMeHTa BXOJHOW TMPOBOJUMOCTH (zzx  PABHO H3MEPEHHOMY
(ha3oMeTpoM 3HAYCHHIO ) Ygx , B3ITOMY C OOPATHBIM 3HAKOM:

¢ vix () = - @zsx () (25)

Cxewma snextpruueckord RL-1ienu npu nccneqoBaHuu €€ BXOJIHOTO COMPOTUBIICHUS
U TIOPSOK BKIIFOUEHUS U3MEPUTENIsl pa3HOCTH (a3 mpeCTaBICHBI
Ha PUCYHKE §:
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Pl/IcyHOK 8 - Cxema e RL IMpru UCCJIICAOBAHNN €€ BXOJAHOTO COIIPOTHUBJIICHHUA
Pe?)yJILTaTI)I IMPOBCACHHBIX I/ISMCpeHI/Iﬁ 3daHOCATCA B CTPOKH 1-3 Ta6JH/IIIBI I:

Ta6JII/IIIa I- P€3y.HBTaTBI ONIPCACICHUS BXOAHBIX XapPaKTCPUCTUK

IKCIICPUMCHTAJIBHO

e Ui=5B, R=1000mM, R,=1000m, L=10wln
1 f, xrn 1 2 3 4 5 6 7
2 Uz, B 2.24 1.87 1.55 131 1.13 0.98 0.88
3 @, rpax 21 36 47 54 60 64 67
4 lox, MA 22.4 18.7 15.5 13.1 11.3 9.8 8.8

5 | Z, (@), on | 2232 | 267.4 | 3226 | 381.7 | 4425 | 5102 | 568.2

6 |Y (0), ueu | 448 | 374 | 31 26 | 226 | 196 | 176

68X

7 O® 2, rpan 21 36 47 54 60 64 67

Ocranbhbie cTpoku 4-7 TaOnuipel 1 3amoMHSAIOTCS TOCIE MPOBEACHUS pacydera
MOJyJIed BXOJHOTO CONPOTUBICHUS W BXOJHOW MPOBOJMMOCTH U ONPEIEICHUS
aprymMeHTa BXOJHOW MPOBOJAMMOCTH JJIs BCEX 3HAUYEHUN 4acTOThl f, PH KOTOPHIX
npoBogwMCch u3Mepenus. [locnemuuit  cTonber 3amoiHSAETCS WCXOAs U3
TEOPETHUYECKUX COOOPaKEHUIA.

Bce pe3ynbTaThl HMCCHEAOBaHUS BXOJHOTO  COMNPOTUBICHHS W BXOJHOU
MPOBOJUMOCTH, TIOJYYCHHBIC JKCIEPUMEHTAIBHO, JOJKHBI OBITH TMPOBEPECHBI
MyTeM TeOpeTHUecKuX pacuetoB 1o Gopmymnam (12) u (13)u 3aHeceHsl B TaOIHILYy
2:
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Tabnuua 2 — Pe3yapTaThl pacyeTa BXOAHBIX XapaKTEPUCTUK TEOPETHUECKUM ITyTEM

e R=5000M, Ru=1000m, L=10wmH
1 [ f kI 1 2 3 4 5 6 7
2 | Z,(w),Om | 209.6 | 236.2 | 274.7 | 321.1 | 372.3 | 426.6 | 482.3
3 | @zrpan 174 | 321 | 433 | 515 | 575 | 62.0 | 655
4 |Y,(0),mCm | 48 | 42 | 36 | 31 | 27 | 23 | 207
5 | ¢y, rpan 174 | -321 | -433 | -51.5 | -57.5 | -62.0 | -65.5

[lo pe3ynpTaTaM MpoOBEIEHHBIX UCCIECIOBAHUN U PACUETOB CTPOAT Ipaduku

3aBUCUMOCTEH ng(a)) U Ozsx(®w) B OJIHOM MaciTade 1Mo 4acTOTe OJIUH MO IPYTUM

(pucyHku 9a, 90):
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Pucynok 9 — I'paduku BXOJHBIX XapakTepucTuk 1enu R L, moxyyeHHsie nmo
JKCIIEpUMEHTAJIbHBIM JaHHBIM U TEOPETUYECKU

HecoBnanenue 3HayeHUM BXOAHBIX XAPAKTEPUCTUK LEIMHA, ITOJTYYEHHBIX
AKCIEPUMEHTAIBHBIM TMYyTEM M  PACCUUTAHHBIMU TEOPETHUYECKU, OOBSCHICTCS
HETOYHOCTHIO HOMUHAJIBHBIX 3HAYCHUHN MapaMeTpoB cxeMbl R 1 L 1 HETOYHOCTBIO
U3MEPEHUN SJIEKTPUUECKUX BEIUYMH NPUOOpaMU, HMEIOIMHUMHU ONpPEaCICHHBIM
KJIacC TOYHOCTH.

4. ConepxaHue oTyeTa

B omueme no n1adopamopnoit pabome 00/151cHbl ObIMb NPUBCOEHDL:

- HAIMEHOBaHUE M 11eb JJA0OPATOPHOU PabOTHI;
- CXEMbI HMCCIIeyeMBIX LIETIeH 151 J1abOpaTOpHOTO CTEH 1a;

- HOMUHAIBHBIC 3HAUYCHUSA JIEMEHTOB CXEM,;

- TAOJUILIBI PE3YIHTATOB U3MEPEHUN U3MEPSIEMBIX U PACCUMTHIBAEMBIX MTAPAMETPOB,;

- rpaduk AUX nu @YX BXOTHOTO CONPOTUBICHUS U MEPEIaTO4HON (DYyHKIIUU
nernu RL, mosmydeHHbIE SKCIIEPUMEHTATIBHO M PACUETHBIM ITyTEM Ha J1JabOpaTopHOM
CTEHJIE;

- CPaBHUTENbHBIN aHaIM3 rpadrKoB;

- BBIBOJIBI O PE3YyJIbTATAX UCCIIEIOBAHUS.
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5. KoHTpoJsbHBIE BONIPOCHI

35.Jlaitte onpenenenue AUX nemnu.

36.J{aitTe onpenenenune GUX nenu.

37.Ilpusenute npumep onpeneneHus AUX u ®UX nByx3/1eMEHTHON LEnu.

38.JlaiiTe onpenenenue onepaTopHoro ko3 duimenTa nepeaayu uenu mno
HanpspkeHuto. Kak oH cBs3aH ¢ KOMIUIEKCHBIM KO3 puiiieHToM nepeaadu ?

39.00mscHUTE X0 KpuBoii AUX BXOIHOT'0O CONPOTUBIIEHUS HA rpaduKe st
JIBYX3JIEMEHTHOW LETIH.

40.00pacuute xo1 kpuBoid @YX BXOJIHOr0 CONPOTUBIIEHUS HA IpaduKe s
JIBYX3JI€MEHTHOM LIETIH.

41.006Bwsicaute xoa kpuBoi AUX nepegaTounoit GpyHKIuM Ha rpaduke s
JIBYX3JI€MEHTHOM LIETIH.

42.006msicaute xoa kpuBor OUX nepenatounoit GyHKIUMU HA rpaduKe s
JIBYX3JI€MEHTHOM LIETIH.

43.ChopmynupyiiTe ycinoBUsl HEUCKAXKEHHOM niepeaaun curnana. Kakoi By
uMeroT AUX n ®UX uneanbHbIx GUIBTPOB ?

44 TlocTpouTh BEKTOPHYIO TUATPAMMY HAINpPSKEHUN JUTsl 3aJJaHHOM
JBYX3JIEMEHTHOM JIMHEWHOH 1Ienu U 00BSICHUTD XapakTep n3meHeHuss UX.

45.11paBuna 1 MOPSIAOK COCTABIEHHUS CXEMBI AJIEKTPUUECKON e Ha
KOMITBIOTEPE C MMOMOIIBIO MPOTPAMMBbl KOMITBIOTEPHOTI'O MOJETUPOBAHUS
EWB.

46. Kak yCTaHOBUTH M ©I3MEHUTh HOMUHAJIBLHOE 3HAYCHHUE MapaMeTpa dJIeMEeHTa
CXEMBI LIENHU TPU KOMIIBIOTEPHOM MOJEIUPOBAHUN ?

47. Kaxkoit mpubop Ha3bpIBacTCs U3MepuTeneM pasHoctu a3 (dhazomerpom) ?

48. PazHocTh Kakux ¢a3 uzmepsieT dazometp ?

49, TlpaBuia BKIIOYEHUS U3MEPUTEIIS Pa3HOCTH (a3 B CXEMY.

50.Haueptute cxemy BKItOUeHHS (DazomMeTpa sl U3MEpEeHUs pasHoCcTH (a3
MEXKY : BXOJHBIM HaNpsyKEHUEM U BXOAHBIM TOKOM, MEKIy BXOJIHBIM U
BBIXO/IHBIM HAIPSKEHUEM.

51. IloctpoiiTe BXOAHBIE XapaKTEPUCTUKU MPOCTEUIINX IIEKTPUUECKUX LIETIEH,
IPEAJIOAKEHHBIX MPENO1aBaTEIEM.

52. 3anumuTe aHATUTUYECKNE XapaKTEPUCTUKU TPOCTEUIITUX dIEKTPUIECCKUAX
Leney, NpeIyIoKEHHbIX MMPEN0/1aBaTeIeM.

53. Onpenenuth B IPEII0KEHHON CXEME YacTOTY, IPU KOTOPOW apryMeHT
BXOJITHOTO CONPOTUBJIEHUS UMEET MAaKCUMAJIbHOE 3HaYEHUE.

94. OnpenenuTtb B IPEAJIOKEHHON CXEME YACTOTY, MPU KOTOPOU y BXOJHOTO
CONPOTHUBIICHUS] AKTUBHASI M PEAKTUBHASI COCTABIISAIONINE UMEIOT OJIMHAKOBOE
3HAYEHUE.

55. C nomonisio kakux npubopo uaMepstor AUX u @YX B a5eKTpUYeCKuX
nersix?
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56. YUem ornnyaercs nepegaToyHas GyHKIMS LeNH OT KO3 duinuenTa nepegayu?
57.Ha npeayioxkeHHOM cXeMe AIIEKTPUUYECKON LENU HAapUCYWTe MOAKIIOYEH e
npubdopos s onpeneneHus AUYX n @YX uenu.

JlabopaTtopHas paborta Ne5

NCCIIEAOBAHUE INIEPEXOHBIX ITPOLIECCOB
B DJIEKTPUHYECKUX LHEITAX BTOPOI'O ITOPAIKA

1. OcHOBHBIE MOT0KEHUSA

IlepexonHble MOpPOLECCHl BO3HHUKAIOT B LEMAX, COACPKAUIUX PEAKTUBHBIC
AJIEMEHTHl B MOMEHT KOMMYTallMHM (CKauyKOOOPa3HOI0 HM3MEHEHHUS CXEMBI IIeTIH,
NOAKIIOYEHUS] WM OTKJIIOYECHHUS] HMCTOYHWKa »HHepruu). llepexomHoil mporecc
CBSI3aH C U3BMEHEHUEM SHEPTYH, HAKOIJIEHHOW WJIM HAaKAIUIMBAa€MON B PEAKTHUBHBIX
3JIEMEHTax LEeMNu, KOTOpass HE MOXKET HU3MEHUThCI MIHOBEHHO, a HW3MEHSACTCS
TOJIBKO TUIABHO B TEUYEHHUE OINPEIEIECHHOIO BPEMEHHU, COOTBETCTBYIOLETO BPEMEHU
NEPEXOJHOI0  MpoIECcca. [lo wrToram mnepexogHOro mpolecca B LEHH
YCTAaHABIIMBAETCS HOBBIM 3amac »dHEPrMM B PEAKTUBHBIX JJIEMEHTaX W
YCTAHABJIMBAETCSA HOBBIM yCTAHOBUBIIMICA pPEXUM (B Ciydyae YCTOMYHUBBIX
AJIEKTPUYECKUX LIETICH).

Hemnsimu BTOpOro mopsiika Ha3bIBAIOTCS LIEMH, COJAEPIKAIME 1BA PEAKTUBHBIX
anemenTa L u C, koTropple MOTYT OBITh BKIIOUEHBI TOCIEIOBATEIBHO WU
napauiesibHo. M3MeHeHUs TOKa WM HaNpsKEHUs Ha 3JIEMEHTax TaKuX Lerneiu
OMUCHIBAIOTCS TU(PHEepeHITNATBHBIMUA YPABHEHUSIMHA BTOPOTO TOPSIIKA.

[IppumepaMu TakuxX LENEN SBIAKOTCS IOCIENOBATEIbHBIM W MHapajliebHbIN
KoJeOaTenbHbIE KOHTYPHI.

[Ipr nOpOXOXIAECHHM CHUTHAIOB YEPE3 JIIEKTPUUYECKHUE LEMH, COAECpKallue
PEaKTUBHBIE 3JEMEHTHI, B HHUX BO3HHMKAIOT MEPEXOJHBIC IPOLECCHI, KOTOPBIE
MPUBOJIAT K H3MEHEHUSAM UX (DOPMBI.

Ha pucynke 1 nokasan nepexonusiii npouecc B RLC - nenu (manpsokenue Ha
OIHOM M3 3JIEMEHTOB LielH) IPY Mojade Ha ee BXoj Bosjeiicteus U, (f) B Buae

MPSAMOYTOJIBHOTO UMITYJIbCA.

o1



B nepuon Bpemenu or t = 0 go t = t; HampsbkeHHe Ha BBIXOJE LEHH
U, (t)usmensiercs 1O ONpENEICHHOMY 3aKOHY, OTJIHYamomeMycs or Uy (),
BCJIEJICTBHE MPOTEKaHUs B HEM MepexoaHOro (HeycTaHOBHUBILErocs) mpoiiecca. B
MOMEHT BpeMeHU { = t; IepexoaHbIN NPOUECC 3aKaHYMBAECTCA U B LIENU HACTYIIAET
YCTAaHOBUBIIMICS peXUM (HAmpsiKEHHE Ha BBIXOJAE Ienu He usMmensercs). C
MomeHTa t = t; 1o t = {2 B 1enu BHOBb MPOTEKAET MEPEXOJAHOM MPOLECC, MOCIE
KOTOPOT'O BHOBb HACTYIIAET HOBBIA YCTAHOBUBIIUNCS PEXKUM.

3a BpeMs JEWUCTBUA MEPEXOJHBIX IMPOLECCOB HHEPrus, HAKOIUICHHAs B
PEAKTUBHBIX BJIEMEHTax LENH, MEPENACTCa OT OJHOTO JJIEMEHTA K APYroMy M
MOCTEINEHHO PAacCEMBACTCS B IPOLECCE MEPENAUYu HAa aKTUBHBIX CONPOTHUBIICHUSX.
Ilocne oOKOHYaHMsA NEPEXOJHOr0O IIpolecca B LENU YCTaHABIMBACTCA HOBOE
3HAYE€HUE DHEPTUM, COOTBETCTBYIOIIEE HOBBIM 3HAUYCHUSIM TOKOB U HANPSKCHUN HA
JJIEMEHTaX LEIH.

BosneiictBrue B BuZIe IPSAMOYTOJIBHOIO UMITYJIbCAa MOYKHO pacCMaTpUBATh Kak
KOMMYTAIHIO (MOIKIIOYEHHE W OTKIIOUEHHE) IENMU K HUCTOYHHKY HANpsKeHHs B
MOMEHTBI

t=0wut =t, CoenoBarenpHO, MEPEXOAHBIN MPOUECC BO3ZHUKAIOT B IIENH B
MOMEHTBI KOMMYTAaIM{, T.€. B MOMEHTBI IIOAKIIOUYECHUS WA OTKIIOYEHUS OT LEHH
MCTOYHUKA DHEPIUU.

u, (f)

12ty

3ty Aty

[
I
[
I
i

] \/f\v_

Pucynok 1 - Peaknius RLC - nenu Ha Bo3IeicTBHE MTOCISA0BATSILHOCTH

MPSMOYTOJIbHBIX UMITYJIBCOB
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KpOMC 9TOro, BOBHMKHOBCHHUEC ICPCXOAHBIX ITPOICCCOB MOKECT OBITh CBSI3aHO

C U3MEHEHHEM CXEMBbI camMoil 1enu (TEPEeKIIOUCHUEM JIEMEHTOB BHYTpH Hee). 13-

34 3THUX HepeKJIIO‘ICHI/Iﬁ BO3MOXKHO CKa‘-IKOO6paSHOG W3MCHCHUE 3HAYCHUN TOKOB M

HaHpﬂ)KeHI/Iﬁ Ha OTACJIBHBIX 3JIEMCHTAX MLCIIM W BO3HUKHOBCHHUC IICPEXOIHOTO

npoiiecca.

HOCKOHBKy OHCPIrudg SJICKTPOMArHuTHOI'O II0J MIHOBCHHO HM3MCHHUTBLCA HC

MOET, TO 3TO Ha OCHOBaHUHU ATOr0 (GOPMYIHUPYIOTCA JIBa 3aKOHa KOMMYTallUU U

ONPCACIIAAIOTCA HAYAJIbHBIC YCIIOBUA PCKUMA LCIIH, T.C. 3HAUYCHUSA HaHpH)KeHI/Iﬁ u

TOKOB Ha 3JICMCHTaX LICIIN B HepBBIﬁ MOMCHT BPCMCHH IMTOCJIC KOMMYTAallUN (HpI/I t

= O+) HpI/I 9TOM IPCANOJaAracTCa, YTO KOMMYTAlIUs IMMPOUCXOOAUT MI'HOBCHHO.

B Ta6JII/IL[€ 1 IMPUBCACHDbI q)OpMYJ'IBI, CBA3bIBAOIIIMC MI'HOBCHHBIC 3HAUYCHUA

TOKOB U HaHpH}KCHI/Iﬁ Ha Pa3JIMYHbIX 3JICMCHTAX ILICIIN.

Tabmuma 1. ®opmyiibl, CBA3BIBAIOIINE MEXKIY COOOM MIHOBEHHBIC 3HAUCHHUS

TOKOB U HaHpH)KCHI/Iﬁ Ha Pa3JIMYHbIX 3JICMCHTAX SHGKTqueCKOﬁ OCIIN

R I C
o— o o—ro o—f}—o
I — EL —_— lg ——
U — Uy —— Uy ——
1 1 du,
1=Eu LL—I,:,—FL u;dt I = ar
u=Ri diy, —I—lf'dt
=L— U-=Uy+—= | I
U dt c L

B aktuBHOM COIIPOTHUBJICHHNN HC IIPOUCXOAUT HAKOINUICHHC OHCPIHH.

DHeprus JJICKTPUYSCKOrO TIOJII B HEM TIOJHOCTBIO mpeoOpasyeTcs B

TCIIOBYIO SHCPI'UIO. MrHoBeHHbIC 3HAUCHUS TOKA U HaIlPpAXKCHHUA COBIIAAAIOT

C TOYHOCTHIO 10 MacmrabHoro MmHoxutens R. Ilpu ckaukooGpasHOM

N3MCHCHHWHN HAIIPAKCHU A CKa‘-IKOOGPaBHO HU3MCHACTCA U TOK.

HO3TOMy B IOCIIAX, COCTOAIINX U3

MNCPCXOJHBIC ITPOUCCCHI HC BO3HUKAIOT.
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B MHIYKTUBHOCTH TOK M HAmpsDKCHHE CBS3aHBI 4Yepe3 HMHTErpal. ITO
O3HAayYaeT, YTO TMPH CKAYKOOOpPA3HOM HW3MEHCHUHW HANpSIKEHUS TOK
W3MEHSETCS 10 HHTETPAIbHOMY 3aKOHY, T.€. IIaBHO. M3 3TOr0 cienyeT, 4To B
MEPBBIH MOMEHT BPEMEHHM IIOCJE KOMMYTAIlMM TOK B HWHIYKTHBHOCTH
I.(t = 0) Oynmer paBen Toky [,, mporekaromemMy depe3 Hee 10 KOMMYTAIIHH.
Cre10BaTeIIbHO, TOK 6 UHOYKMUBHOCTIU HE MONCEM UBMEHUMbCSL CKAYKOM, d
8 Nepavlll MOMEHM NOCie KOMMYMAyuu COXpansiem mo sHavenue, Komopoe oH
uMen 00 KOMMymayuu (3mo CywHoOCmb nepeo2o 3aKOHA KOMMYMAayuu).

Hanpsiocenue na emxocmu c6és3ano ¢ npomexkarouum yepes Hee mokom
mooice uepes unmeepan. Mz smoco ciedyem, umo HANpsd’CeHUe HA eMKOCMU
MAaKxce He MOdNCem USMEHUMbCS CKAYKOM U 6 Nepeblil MOMEHM NocCje
KOMMYMAayuu COXpausem mo 3HayeHue, Komopoe Obllo HaA Hell 00
KoMMymayuu (3mo CywHOCmsb 8Mopo20 3aKOHA KOMMYMAayuuL).

CnenyeT OTMETUTh, YTO MPU KOMMYTAI[MKM B MOMEHT BpeMeHnu t = 0+
HalpsbKeHHe Ha WHAYKTHBHOCTH Up(f) m Tok B eMkoctH I¢(f) moryr
HU3MEHHUTBCS CKAYKO0Opa3HO, TaK Kak ONMpeesatoTcs depe3 auddepeHipal.

B macrosiei mabopatopHoii paboTe HCCIEAYIOTCS MEPEeXOIHbIE IPO-
IIECCHI B ITOCIIEOBATEILHOM KOJIE0ATEIIbHOM KOHTYpE, CXeMa KOTOpOro IIo-

Ka3aHa Ha pUCYHKE 2.

i(t)

GDE u; (t) == C u,)
|

Pucynok 2 - Cxema noclie1oBaTesIbHOr0 KOJIe0aTeIbHOT0 KOHTYpa
K umenu B Moment £ =0, mpu HyneBbIX HaYalbHBIX YCIOBHAX

(Uy = 0, Iy = 0), mopkmrouaercs ucrounnk DJC.
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B pe3ynbprare Ha BXOJA€ LIENHU JAEUCTBYET CUTHAN B BUJAE CTYIIEHYATOU

byHKIIIHN
u,(t) = E-1(t), rue 1(t) - enuanunas crynenyaTas GyHKIuS,
0 t<0
10 = {1 t=0 (L)

C yderoM BBIOPAaHHOI'O HampaBi€HUS TOKA IeMb, IOKa3aHHas Ha
pucyHke 2, omnucbiBaerca aud@PepeHInaTbHbIM YpPaBHEHUEM BTOPOIO

HOpsI/IKA:

dlu,(t durt
Lcd—:“ + RC# +uc(t)=E (1.2)

[lepexomHplii  MpoIEcCC  MOXHO  aHAJIM3UPOBATh  PA3IMYHBIMHU
METOJIaMH: KJIACCUYCCKUM, OTICPAaTOPHBIM U Jpyrumu. Hambonee nmpocThiMm
U MOIIHBIM SIBJISICTCS  ONEPATOPHBIA METOJ pacueTa IMepPeXOIHBIX
npoueccos. IIpy ero UCIONAL30BAHUM MIHOBEHHBIE 3HaueHHs ToKoB i(f) u
HanpsokeHuil U(T) 3aMEHSIOTCS MX ONEPATOPHBIMH H300paKEHUSAMH I10
Jammacy I(p), U(p). Kommuiekcusle conpoTtuBicHus Ienu Z(jw) wu
KOMIUIeKCHast — mepematounas  ¢yukuus H(jw) 3amensiorcs  ux
onepatopHbiMu BeIpaxkeHusMu Z(p) u H(p).YpasHeHus 31eKTpHYECKOro
paBHOBECHs IIETIM 3allMCHIBAIOTCS B JaHHOM CJydyae B aire0panmdeckoi
dbopme, a He B guddepeHnuanpHON. Pemare Takue ypaBHEHHS
3HAUUTENBHO TIpolle, yeM auddepeHuaibabpe. Y 100CTBO ONEPATOPHOTO
METOIa 3aKIIF0YaeTCs TAKKe B TOM, UTO JIJISI BCEX BO3MOXKHBIX BO3JICHCTBUI
COCTaBIICHbI TaONUIBI OPUTMHAIOB M u300paxeHui. Ha pucynke 3
MOKa3aHa  OMepaTopHas  CXeMa  3aMElIeHHs  IOCIeJOBATEIHHOTO

KoyIe0aTeIbHOTO KOHTYpA.
R pL
—1 1

E /A
FC) U,(p)

Pucynok 3 - OneparopHasi cxema 3aMeIIeHUS MOCIEI0BATEIBHOTO

U, (p)

1(9)

K0JIe0aTeIbHOTO KOHTYpa
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Pemenue ypaBaenus (1.2) B oneparopHoii (popme umeeT BUIL:

- HamnpspKeHUE Ha eMKOCTH B onepaTopHoﬁ dbopwme:
1

U = — 1.3
c(P) = (’F‘) tc *p{'p p1)(p-P2) (13)

- OpUTHUHAI uc(t] nzobpaxenus Uq(p):

di(t
uc(t) = L5,7 = E-=— (pye™* —p,e™"), (L4)

rae  p?+26p + i = 0 - xapakTepuCTHYECKOE PABHEHHE LCITH,
=—6+ 1Ty
_ —5—q ~ KOPHW XapaKTEDHCTIIECKOTO yPABHEHNS, (1.5)

& — coOCTBEHHOE 3aTyXaHue KOHTypa, & = R/ 2L

wg = 1/+/LC - pe3onancHas gactora KojaeOaTEILHOTO KOHTYDA,
= 82— 2 o
W = () - YaCTOTa COOCTBEHHBIX 3aTYXAIOIIHNX KOJIeOaHW B

KOHTYpeE.
N3 (1.5) BugHO, YTO XapakTep MepexoIHbIX MPOIECCOB OMpPeaesieTcs
3HAYCHUSIMU KOpPHEH Py U Pz, KOTOPBIE 3aBUCAT OT COOTHOIICHUS MEXTY

2 2
napamerpamn 6° u w§. ITockombky &% = f 42 @ w; = ,/ Lc> O

XapakTep KOpHeﬁ N COOTBCTCTBCHHO XapaKTCP IMNCPCXOAHLIX IIPOICCCOB
onpeacisiCTCd COOTHOHMICHHUCM - MCKAY R u XapaKTCPUCTHICCKUM

L

COMPOTHBIICHHEM KOJIEOATEILHOTO KOHTYpa £ = c

Bce BO3MOKHBIE ClTydad COOTHOIIEHHH MEXIY ImapaMeTpaMu O u @y
IIPUBEICHBI B Ta0IHIIE 2.

Tabauna 2. Bce BO3MOXKHBIE CIIy4ad COOTHOLIEHHH MeXIy & 1 g

CooTHOILIEHUE MEXTY 3HaueHUsI KOPHEU XapaKTepUCTUIECKOTO
Rup YPaBHEHHUS

[Tockonbky & > @y, WMeEEM MPOCTHIE

Anepuoanveckui pa3Hble KOPHU
PCKUM p1:_6+m|:, pzz_lﬁ._ﬂﬂc;
R>2p B BUJIE OTpUIATETbHBIX

I[eﬁCTBHTeJII)HBIX quCei1

Kputnueckuii pexxum ITockoapky & = g, HWMeeM KpaTHBII
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R=2p KOPEHb

P1=pz=—6,
B BUJIE OTPHULIATEIIBHOTO
JIEeUCTBUTEJILHOI'O YHCIIa

[Tockonbky & < @y, HMEEM IIPOCTHIE

KBasunepuonnueckuit KOpHHU

PeXIM P1=—0+joc, pz=-—38—jug;

R<2p B BHIE  KOMIUIEKCHO-CONPSKEHHBIX
qmrcen

PaccmoTpuM  BO3MOHBIE BHABI MEPEXOAHBIX IPOLECCOB B
[IOCJIEIOBATEIBHOM ~ KOJI€OaTelnbHOM  KOHTYpE,  COOTBETCTBYIOILHE
Pa3JINYHBIM 3HAYEHUSIM KOPHEW XapaKTEpPUCTUYECKOIO YPaBHEHHUS.

AnepuoauYECKNil TEPEXOIHBIN PEKUM
[loacTaBnss 3HaueHUs Py U Pz I8 alEPUOJHYECKOTO pPEXKMMaA B

(1.4), momydaem mociie mpeoopa3oBaHMIA:
uc(t) = E+;— (1" — pye™) (L6)
e

N3 Beipaxkenusa (1.6) cienyer, 4To B anepuoAMYECKOM PEXKHUME Ha-
NpsDKEHHE HAa €MKOCTH TMPEJCTaBiIsieT cOO00M pa3sHOCTh JIBYX SKCIOHEHT
OTHOCHTEJILHO YPOBHS, ompeneinsieMoro 3HauenueM E. Pacmonokenne
KOpPHEW Ha KOMIUIEKCHOM IUIOCKOCTH TOKa3aHO Ha pucyHke 4, a rpaduk

uc(t) npuBeneH Ha pUCYHKeE 5.

- |-
P, P, 0

Pucynok 4 - PacnonoxeHue KOpHEHM XapakTEpUCTHYECKOTO
YpPaBHEHUS HA KOMIUIEKCHOM IUIOCKOCTH IIPU  arnepuoJU4YECKOM

IMCPCXOAHOM IMPOHIECCC
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Pucynok 5 - I'paduk aneproguyeckoro nepexoaHoro npoiecca
B IIOCJIEI0BATEIIBHOM KOJIEOATEIbHOM KOHTYpE
Kpurnuecknii nepexoaHblil peKum
B caydae, ecnmu 6 = @y, TO YacTOTa COOCTBEHHBIX 3aTYXaIOIIUX
KosneOanuii wc = 0.
B atom ciyuae mpu KpaTHBIX KOPHSIX U300paKeHUE HANPSHKCHUS UMe-

€T BUJ:
E 1

ucp)=——p (1.7)

LC p(p+6)2

Opurunan ot nu3obpaxxenus (1.7) 3anucwiBaeTCs B BUT

E
LCa?

uc(t) = (1 — e % — §te %) (1.8)

Pacnionosxenue moJirocoB L JaHHOTI'O CJIydas ITOKa3aHO Ha PHUCYHKC

6, a rpadHk nepexoHoro npouecca U (L) npuBeeH HAa pUCYHKe 7.

41

= E
P=p, 0

Pucynok 6 - Pacnonoxxenue KOpHEN XapaKTEpUCTHYECKOTO
YpaBHEHUSA
Ha KOMIUIEKCHOM IUIOCKOCTHU MPU KPUTHYECKOM NIEPEXOTHOM

mporecce
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Pucynok 7 — I'padhuk KpUTHUECKOTO MEPEXOTHOTO MpoLiecca B
II0CJIEI0BATENIBHOM KOJI€0ATEIbHOM KOHTYpe

IIpy KpuUTHYECKOM pEXHUME 3aBUCHUMOCTb, IIPEICTABJICHHAs Ha
pucynke 7, umeer Oozee kpyroil moabem. Kputuueckuil nepexomHbIi
IIPOLECC  HAXOAUTCSA Ha TIpPaHULE MEXIAYy alepuoOAUYECKUM U
K0JIe0aTENbHBIM NPOLIECCAMHU.

KBazunepuonnueckuii (kojsedaTeIbHbIN) MEPEXOIHBIN PEKUM

JIHst 3TOrO cilyyass KOPHU XapaKTepUCTUUYECKOrO ypaBHEHHUS OynyT

KOMIIJIEKCHO-CONPSDKEHHBIMHU:  Pq = —06 + jwe, P, = —6 — jow,

e wc= |wi— 8% - YacToTa COOCTBEHHBIX 3aTyXaloIIHNX

Kosie0aHMii KOHTYpA.

[Toacransst Py u P2 B (1.3), moaydaem mociie nmpeoopa3oBaHMIA:
_ 5 .
uc(t) = E— Ee % (coswt + —sin w t) (1.9)
g
Pacronoxenue KOpHEW  XapaKTEpUCTUUECKOIO ypaBHEHHUS  Ha
KOMIUIEKCHOM TIIJIOCKOCTU TPEACTAaBIEHO Ha pUCYHKe §, a rpadux

sapucumoct  Ue(f) mpu KoneOaTeNbHOM IIEPEXOTHOM MpOlecce B

KOHTYpE IPUBEJEH Ha PUCYHKE 9.
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1}2;- -joy

Pucynoxk 8 — PacnosioxkeHue KOpHEN XapaKTEPUCTUUECKOTO
ypaBHEHUS Ha

KOMIIIEKCHOM TNIOCKOCTH Ipu Kosie0aTeIbHOM MMEPCXOJHOM IIPOUICCCC

Pucynok 9 — I'paduk xonebaTeapHOTO IEPEXOTHOTO MpoIiecca B
MOCJIEIOBATEIILHOM KOJIEOATEIIbHOM KOHTYPE
N3 pucynka 9 BUIHO, 4YTO €CIIM KOPHM XapaKTEPUCTUUYECKOTO
YPAaBHEHHS  SIBISIOTCS ~ KOMIUIEKCHO-COTIPSUKCHHBIMH —~ YUCIAMU U
PaCIONOKEHbl B JIEBOM MOJYIJIOCKOCTH, TO HMX JEUCTBUTEIBHBIE YaCTH
OyayT OTpUIATeNbHBIMUA, a B IeMU OymyT HAOMIOMAThCS 3aTyXarollue
konebanus. I[Ipu sTom Kod(PhULIMEHT 3aTyXaHHsIU 4YACTOTa COOCTBEHHBIX
3aTyXalIluX KojeOaHu! CBsi3aHbl C JOOPOTHOCTBHIO KOJIEOATEIHHOTO

KOHTYpa CJIEAYIOINM 00pa3oMm:
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5= “’C/ZQ (1.10)

rae: Q = p/R.
YacTtoTe @, COOTBETCTBYET NEPUOJ COOCTBEHHBIX 3aTyXaroIIUX

KOJIcOaHUNA

Te=2m/, == —— (1.12)
€ w |1_1|,f 2
Vo4

®opmyna (1.12) cnpaseqmusa g @ > 0,5, IIpu @ = 0,5 umeem
R =2 p, 1.e. B uenu OyAeT KpUTHICCKUIA TEPEXOTHBIN PEKIM.

C yBenuueHreM J0OPOTHOCTH BEJIMYMHA IepHoaa I. yMEHBIIAETCs.
IMIpu Q@ > 1, T, ~2m/wy, T.e. mepuoa COOCTBEHHBIX 3aTyXaIOIIMX
KoJicOaHWI CTAaHOBHTCS PaBHBIM TIEPHOJNY KOJICOAHMH pPE30HAHCHOU
YaCTOTEHI.

N3 pucynka 9 BWIHO, YTO aMIUIMTyJa KojicOaHM yOBIBaeT IIO
SKCIIOHEHTE B COOTBETCTBUM CO 3HAUYCHHEM MHOXHTEIs € °f. TTOCKONbKY
SKCIIOHEHTA NPAKTHYECKM 3aTyXaeT NpH 3HaYeHuH BpeMeHu I, = 3/8, 1o

Bpemst T,, (aKTHUECKH ONpENeNAeT BPEMs MEPEXOIHOrO Impolecca. B3ss
T,
orHomeHHe M= "/ T , ONpPENETAEM YHUCIO IIEPUOAOB 3aTyXaIOIIErO
C

KoneOanus 3a Bpems 1 .
JInst XapaKTEPUCTHKH CKOPOCTH YMEHBIIEHHUS KOJICOaHU BBOIMTCS

ITOHATHC J'IOFapI/I(bMI/ILIGCKOFO ACKPCMCHTA 3aTyXaHH:dA, OIIPCACIIICMOro

BBIPAXKCHUCM .
A— u(t) _ h _ h (113)
T 2L F
u(t+Tz) 0 2 L-«\ll 1';1..('.' _R .3(4 12

M3 (1.13) cnenyer, 4ro akTuBHOE conporusienne R He TombKO
BIIMSET HA CKOPOCTh YMEHBIIEHUS aMIUIMTYAbl KOJeOaHWM, HO W Ha
gyactory @.. Yem Gombire R, TeM MeHbIIe yacTOoTa @. M TEM OOJbIIE

nepuoz coOCTBEHHBIX Konebanwmii T .
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Ilppy R=2p, w:=0, 1ec. mnepexomHplii mporecc B KOHTYpe
npespariaercs B anepuoandeckuii (T, = ).

[Ipu ymeHblIeHU: BendrHbl R yacToTa @, yBeITUUUBACTCS, a IEPHOJT
T. ymenpmaercs. B yactHom ciyuae, korma R =0, w. = wyg, A= 0, u

KOJICOAHUS CTAHOBATCS HE3aTyXaromnuMHu.

2. 3apanue Ha 1a0OpPATOPHYIO padOTy

lenbto panHON JabopaTOpHOl pabOTHI SBISIETCS HCCIEIOBaAHUE
MEPEXOJHBIX MPOILECCOB B IEKTPUUECKUX LEMSAX BTOPOrO MOPSAKA MPH
BO3JICCTBUY HA HUX MOCJIEI0BATEIILHOCTU MPSIMOYTOJIbHBIX UMITYJIbCOB.

B KauyecTBE HCcCIeayeMon 1(S10/1 Oynem HCITOJIL30BaTh
MOCJICIOBATENIbHBIM KOJIeOaTeIbHbIM KOHTYp. [lpu mojgaue Ha ero BXOJ
MOCJIEI0OBATEIILHOCTA TMPSIMOYTOJIbHBIX MMITYJIbCOB B HEM BO3HHUKAIOT
MEePEXOHbIE TMPOIECCh, KOTOPhIE MOXHO HaOI0JaTh C TOMOIIBIO
ocrmuiorpada. I[Ipu BO3HUKHOBEHHWM TIEPEXOIHOTO IIpollecca TOK U
HaIpSDKEHUST Ha DJIEMEHTaX KOHTypa OyayT MEHSATBhCS IO 3aKOHaM,
KOTOpbIE OBUIM PaCCMOTPEHBI BHIIIIE.

Peructpupyst mepexomHble Tpolecchl Ha ocuuuiorpade, MOXKHO
ONpeAeIuTh MOMEHT BO3HUKHOBEHHMSI OTOro IIpoliecca, MPOBEPUTH
COOJIO/ICHUE 3aKOHOB KOMMYTAllUM, OILICHHTh XapaKTep M TMapameTphl
MEPEXOJAHOTO TPOIIECCa, OMNPEACIUTh BU3YaJbHO BJIUSAHUE AKTHBHOIO
conpoTuBicHuss KoHTypa R Ha xapakrtep mnepexomHoro mpomecca. Ilo
OCIMJIIIOTPAaMME MO’KHO TaK»X€ pacCuuTaTh IOCTOSSHHYIO BpPEMEHHU
UCCIIEYEMOW LETH U MPOIOJKUTEIBHOCTh IEPEXOJHOTO MPOoIIEcca.

Jlnma  uccienoBaHus — MEPEXOIHBIX  MPOIECCOB  HUCIOIB3YETCS
JBYXJy4€BOM ocCIuiuiorpad, KOTOphIA MO3BOJISIET BUJCTh Ha JKpPAaHE JBa
CHUTHaJja: MOJIaBa€Mbld Ha BXOJ LMW W IMOJy4aeMbld Ha €€ BbIXoJe. Tak
KaK OHM PaCIoJIararoTCs Ha dKpaHe JIPYT MOJ APYyroM, TO HArJIsHO BUJIHO
Kak IIeMb peardpyeT Ha MojJady MMIMYJbCa M Ha €ro OTKIIOYEHHE, IO

KaKOMY 3aKOHY HM3MCHACTCA HAIIPAXKCHHMEC HaA BBIXOJAC LCIIHN B HepBbIﬁ
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MOMCHT BpPCMCHH IIOCJIC KOMMYTAIlUU (B MOMCHT TIOCTYILICHUA

MNPSIMOYT'OJIbHOTO UMITYJIbCA).

HccnenoBaTbCsl AOJDKHBI BCE MNPCIIOKCHHBIC CXCMblI BKIITIOUCHUA

MIOCIIEA0BATENBHOIO KOJIEOATEIBbHOIO KOHTYPA, IPUBEACHHBIE HA PUCYHKE

10.

3 i
3 2 C 4

Ry L
3 T
3 C

L I

Ry

3 Pt

Pucynok 10 — CxeMbl uccneayemMsIX LENe BTOPOro MmopsiaKa

B kaxnoii w3 mnpuBeAEHHBIX Ha pucyHke 10 cxem JOJDKHBI

UCCIENOBaTbCA  BCE  BO3MOXKHBIE  BHIBl  IEPEXOJHBIX  IPOLECCOB:

anepuoOJNYCCKUN, KPUTHYCCKUH ©  KojeOaTenpHBIH. OCIUIIOrPaMMBI

U3MEHEHHUS HaIpsHKEHHUs] HA KOHKPETHOM 3JIEMEHTE IMEPEHOCATCS C DKpaHa

ocumiorpada Ha JIMCT KalbKU WX OyMaru ¢ cOOOJIEHNEM PacTOOKECHUS

JPYT OTHOCUTENBHO JIPyTa, KaK 3TO HAOIIOJAETCs Ha dKpaHe ocuuiuiorpada

(pucynok 11). Ilpu pacnosio:KeHUH HA PUCYHKE HECKOJIBKHX OCUUIIIOTPaMM

UCCJIEyeMOr0 HaNpsKEHUsT OCHWIJIOrpaMma BXOJHOI'O CHTHalla Bcerna
pacrionaraeTcsi B CaMOM BEpPXY.

[To pe3ynbpraTaM NpOBEAECHHBIX UCCIIETOBAHUM:
- IpOBEpAETCSl COONIOJIEHNE 3aKOHOB KOMMYTAallMM B UHAYKTUBHOCTH

U €MKOCTH,

- OIpeaAcCiACTCA 3aKOH N3MCHCHUS BBIXOAHOI'O CUI'HaJia,
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- pacCYHUTBLIBACTCS IIOCTOsSIHHAasA BpCMCHHA 151 JIUTCIIBHOCTD
IEPEXOJHOro mpoueccca B UCIu,
-  BHU3YAJIBHO OIpCACIACTCA MOMCHT OKOHYaHHA IIEPCXOJHOIO

pEKrMa 1N Hadalla HOBOTO YCTAHOBUBIICTOCA PCIKHUMA.

Ut

0 T | | |
U (t) ! : :
|
I : I
: | : R =Ry
I : | t
1 |
0 | |
U (t) | [
I |
[ I
R =RK}:|
t

U, (t)

Pucynoxk 11 — Bo3MoxHbI€ BUIBI IEPEXOAHBIX IPOLIECCOB B
MOCJIEIOBATEILHOM KOJIE0ATEIIbHOM KOHTYPE
JKCNePpUMEHTAIBbHOE HCCJIeIOBAHNE MEePEeXOIHbIX NMPOIECCOB B
CHsThIE SKCHEPUMEHTAJIbHO OCHWIJIOTPAMMBI  MEPEXOJHBIX MPOLECCOB
JIOJKHBI 3aHOCHUTBCSI B OTYET MO Ja0OpaTopHOl padoTe ¢ COOTBETCTBYIOIIMMU

KOMMCHTAapHUsAMHU.
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3. DKcnepuMeHTATbHOEe HCCIeA0BAHUE IMEePEeXOJHbIX NMPOLECCOB B LENH

BTOPOToO nmopsiaka ¢ moMouibIo ﬂaﬁopaTopﬂoro cTeaaa

3.1. IloaroroBKa K MCCJIEJOBAHUIO MEPEXOIHBIX MPOLIECCOB

JUist  9KCHEpUMEHTAIbHOTO HCCJENOBAaHUSI TMEPEXOJHbIX TMPOIECCOB  C
MIOMOIIIBI0 YHHUBEPCAIBHOTO JIA0OPATOPHOTO CTEHAAa HE0OXOAMMO coOpaTh Ha HEM
MOOYEPEIHO  KAXKIYHD M3  PEKOMEHIOBAHHBIX CXEM  IOCJIEI0BaTEIbHOTO
KosnebareabHOro KoHTypa. [ mpumepa BblOepeM cxemy KoJieOaTeIbHOTO
KOHTYpa, B KOTOPOM MCCIEYyEeTCs N3MEHEHUE HANPSHKEHUST Ha KOHJIEHCATOpe MpHU
mojadye Ha BXOJI KOHTypa TIOCIIE€IOBATEIIbHOCTH MPSMOYTOJbHBIX HMITYJIHCOB.
JlaHHasi cxema ILenu C TMOAKIIOUCHHBIMH K HEW H3MEpPUTEIbHBIMU MPUOOpamMu
MpUBE/ICHA HA pUCYHKE 12.

B xauectBe ucrounmka DJIC mpu HCCIEIOBAaHMHM TEPEXOJIHBIX MPOIECCOB
UCIIONIb3YETCS TEHEepaTop  HU3KOUACTOTHBIX curHaioB ['3-112, a B kaudecTBe
PEaKTUBHBIX DJJIEMEHTOB 1€ - DJIEMEHTHI, pa3MeElIeHHbIe B JIa0OpPaTOPHOM
crenne. s u3MepeHusl NEUCTBYIOIIMX 3HAYEHHM BXOJHOTO U BBIXOJIHOIO
HaIpSDKEHUM  UCIONB3YIOTCS  MWUIMBOJBTMETPHl B3-38, a g cHATUA
OCHIIJIJIOTPaMM — YHUBEPCAIbHBIN JBYXJIYy4eBOM ocuusuiorpad.

B kadecTBe aKTUBHOTO COMPOTUBIICHUS UCIIONIB3YETCs] HAOOP CONMPOTUBIICHUN
CTeH/1a, TMOO Mara3uH COMPOTUBIICHUH.

Ocummnorpad npu MPOBEACHUH TPEABIAYIINX J1IA0OPaTOPHBIX pPaboOT He

MPUMEHSIICS, TIO3TOMY PACCMOTPUM MOAPOOHO MOPSIOK €r0 UCIOIB30BAHUS.

3.2. llopsinok ucmoIb30BaHus ocuuIorpaga

YHuBepcanpHbld  ocmumiorpad  TpeIHa3Ha4YeH Uil HAOMIOAEHUS U
UcCie0BaHus (POPMBI DIIEKTPUIECKUX CUTHAIOB ITyTEM BU3YaIbHOTO HAOIIOICHUS
Y U3MEPEHUS UX BPEMEHHBIX U aMIUIUTYHBIX 3HAUYEHU.

Ocuumiorpad odecreunBaer:

- HaOmogeHue (GopMbl CUTHAIOB OOEUX MOJSPHOCTEH IUTENBHOCTBIO OT

IMkc 1o 16¢ npu MmakcumansHoM 3HaueHuu ot 1 MB 1o 300B;
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- HaOJIOZIeHNE MEPUOUYECKUX CUTHANIOB B Auamnaszone yactot oT 0.1 I'p go 1
MI'w;

- M3MEpPEHHE 3HAYCHUI MTHOBEHHBIX M aMIUIMTYJHBIX 3HAUYEHHN CUTHAJIOB
ot 2 MB 10 300B;

- U3MEPEHNE BPEMEHHBIX HHTEPBAJIOB B IIpeaeax oT 2MKce 10 16¢.

Ha nuueBoil manenu ocuusuiorpada pacnoyioKEHbl CIEIYIOUIME OpraHbl
yIpaBICHUS

- TyMOsep «CeTh» I BKIIFOUEHUS U BBIKJTIOUEHUS ociiiorpada;

- pyuka «®Dokyc» s (POKYCHPOBKM JIyda HJIEKTPOHHOIYYEBOM TpyOKHU
(BJIT);

- pyuka «SIpKocTh» 1151 u3MeHeHust sipkoctu ayda DJIT;

- pyuka «lllkama» st peryaupoBKH OCBEIIEHHOCTH IIKaIbl OcIIIorpada.

Ha nunesoit nmanenu ocumsuiorpada pacnonaratorcsi ABa 0J0Ka yCUIUTENEH,
0JIOKHM pa3BEPTKU U CHHXPOHU3ALINH.

Ha Bxox kaxmoro Oioka yCWIEHHS TMOAAeTCs OJAMH U3 HCCIETyeMbIX
curHasioB. C TMOMOIIBIO pydYeK YIpaBICHUS, HAXOMAIIMXCS HA TaHeIu OJoKa,
IPOU3BOJUTCS:

- YCWICHHE TOJBKO TEPEMEHHOM WM TIEPEMEHHOW M MOCTOSHHOU
COCTAaBJISIIOILIEN BXOIHOTO CUTHAJIa BMECTE;

- peryiaupyercsi B 3HAUUTENbHBIX MpEAeSaX YYyBCTBUTEIBHOCTH CaMOro
YCUIIUTES;

- OCYLIECTBIISIETCS MEPEMEILIECHUE MO BEPTUKAIM M TOPU3OHTAIM HA KpaHe
OJIT nmogaBaeMoro Ha BXOJ YCUJIUTENSl CUTHANIA;

- POU3BOAMUTCS OATTAHCUPOBKA CAMOTO yYCHIIUTEJIS.

briok pa3BepTku perynupyer IIUTEIbHOCTh PA3BEPTKU CUTHAIA Ha SKpaHe
OJIT, T.e. m3menseT MaciTad n300paXkKeHUs TI0 OCH a0CIIHCC.

brox cuHxpoHM3amuu ¢ NMOMOIIpI0 pydek «CTaOMIBHOCTE» M «YPOBEHBY
MO3BOJISIET YCTAHOBUTH HEMOJBUKHOE M300paKEHWE BXOJHOTO CUTHAJIa Ha KpaHe
ociuuiorpada.

[lepekntoyaTens BUAa CHUHXPOHHU3ALMU MPU MPOBEIACHUU J1aOOPATOPHBIX

paboT yCcTaHABIMBAETCS B MOJIOXKEHUE - « BHyTpeHHSI5».
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JIns monydyeHus: M300pakeHUsl CUTHAlla Ha 3KpaHe ocuusuiorpada mepen ero
BKJIIOYEHHEM HEOOXOJMMO YCTAaHOBUTh PYYKH YIPaBICHUS B CIEAYIOLIUE
MOJIOKEHUSL:

- «SIpkocth», «Dokyc», «banaHCUpOBKa» U PEryJUPOBKA IOJIOKEHUS J1yda
[0 TOPU30HTAIIN U BEPTUKAIHU B CPEIHUE MOTOKEHUS;

- [epeKyoyaTelb MOJa4d Ha BXOJ BXOJHOTO CHrHajga B IIOJIOKEHHE
COBMECTHOTO TPOIyCKa HAa BXOJ IOCTOSSHHOM M NEPEeMEHHOW COCTaBJISIOLICH
CUTHAJIA;

- «CTabunbpHOCTBY B KpaliHee MpaBoe;

- «YpOBEHb» B CpeIHEE.

Hanee HeoOXoaMMoO BKIIOUUTH TymoOsep «CeTb», NMPH STOM 3aropaercs
CUTHaJIbHAsA Jlamrouka. Yepe3 3-5 MHHYT Ha dKpaHe ocuuiuiorpada MosBIsIeTCS
JUHUS pa3BepTKM — TOPU3OHTAIbHAS JIMHUS Ha DJKpaHe ocuwuiorpada.
Heo0xonumo oTperyinupoBarh ee sipkocTb, (OKYCUPOBKY U MOJOKEHHUE Ha dKpaHe
C TIOMOUIBIO COOTBETCTBYIOIMX pyuek. [locie 3Toro Ha BXOJ COOTBETCTBYIOIIETO
YCUJIUTENST TOAAETCsl HCCIEAYyEeMbIH CHUTHajd. AMIUIMTYJla CHTHaja Ha 3KpaHe
ocuwuiorpadga peryaupyercs ¢ IMOMOIIBI0 PYy4YeK, HAXOMASIIUXCS Ha TaHEeIH
yeunurens. M300paxenre curHana I0JKHO 3aHUMATh ¥4 DKpaHa.

Jlanee ¢ momoIplo pydek yrpapieHus: 6oka «Pa3BepTka» HYX HO TOOUTHCS
TaKOW JUIMTENbHOCTU Pa3BEpPTKH, YTOOBI HA 3KpaHe Habmomanock 2 — 4 mepuojaa
UCCJIEIyeMOTr0 CUTHaa.

HenonBmwkHOCTh M300pakeHHS] CUTHAllA HA OHKpaHE HYKHO JOOUTBHCS C
NOMOIIbIO pydek Osoka «CuHxpoHu3zanus»: «CTabUIbHOCTE» U «YPOBeHbY. Jlis
JIOCTH)KEHUS  YCTOWYMBOrO M300pakeHHs HEOOXOIUMO TOBEPHYTH PYUYKY
«CTaOWIBHOCTEY» BIEBO /10 MOMEHTa HCUE3HOBEHHUS H300paKeHHs Ha HKpaHe
ocuniiorpaga. 3aTeM HYKHO MOBEPHYTh PYUKY «YPOBEHbY» 0 MOJIOKEHUS, MPU
KOTOPOM H300pa)keHHe CUrHalla CTAHOBUTCS YCTOMYMBBHIM.

MN3MmepeHrne BpEeMEHHBIX HWHTEPBAJOB M 3HAYCHHWM BEJIIMYMHBI CHUrHaja
OCYIIECTBIISIETCSI C MOMOIIBI0 PYYEK, HAXOAAUIMXCS HA IMaHEIU YCHUIIUTENEH, W

ITKaJIbl, HAHECEHHOM Ha 3KpaH ociuiorpada.
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3.3. DKcCnepMMeEHTAIbHOE HCCIAE0BAHNE NEPEXOAHbIX MPOLECCOB

3Ha4YEeHUS [TapaMETPOB AJIEMEHTOB CXEMBI 3aJaI0TCSl IIPETO1aBaTENIEM.

B kaudecTBe npuMepa BbIOEpeM CIIEAYIOLINE 3HAUECHUS 3JIEMEHTOB LIETH:

- BeJIMYMHAa UHAYKTUBHOCTH L = 19 MI'H,

- BeanuuHa éMkoctu C = 57,4 HO.

Ilo 3aJIaHHbIM napameTpam nenu HE00X0AUMO paccuuTath
XapaKTePUCTUYECKOE COMPOTUBIECHUE KOHTYpa p, KPUTHUECKOE CONPOTUBIECHUE

Ry, n 106poTHOCTH KOHTYPA 110 popMyam:

L

Jns xonebarenbroro pexnma (mpu R =0.1R},) BLIMHCAMTH € MOMOLIBIO

BbIPa’KEeHUM:

[1 &2 .
W= |[7-—,z - 4Yacrora COOCTBEHHBIX 3aTyXawIIMX KoJeOaHuii

HCCJIeyeMOro KOHTYpa,

2w

T =— - nepuoa coOCTBEHHBIX 3aTYXAKIIUX KOJEOAHUI MCCIETYEMOTO
Gy
KOHTYpa,
A— R o
= he JorapupMuyeckuii 1eKpeMeHT 3aTyXaHus,
2L a2

A .
o= T K03pPUIUEHT 3aTyXaHusl COOCTBEHHBIX K0JIe0aHUll KOHTYpAa.
c

PacuyeThl mapamMeTpoOB MEPEeX0IHOT0 MPoliecca MpUBeAeHbl HHKE:

p=JE= 2010 _103- |22 — 0,575 10° = 575 0m.
C 57.410 57.4

R, =2 p=2-575= 1150 Om.

575

P _ 25
Q_R 115

Jlns konedareannoro pexkuma R =0,1-R,, = 0,1-1150 = 115 Om.

R? 1 1152

412~ 4/191073.57.410~% 4.(19-1073)2

J917-10° - 9,16 - 10° = 30 - 103 22

c

2r 6,28
TC _ — =
w. 30103

= 209, 4 mKc,
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nR 3,14-115
A= = — = 0,315,
2Lw,  2-19-10-3.30-103

()

A 0,315
=—=—""_—=1,5-103,
Te 20941076

Pesynbratel pacueToB 3aHECTH B TaOuuily 3.

JUiss  TpoBemeHWs ~ MCCIENOBAaHUS  TEPEXOJHBIX  TPOIECCOB B
MOCTIEIOBATEIbHOM  KOJIEOATEIbHOM KOHTYpEe C TIOMOIIBI0 YHHBEPCATBHOTO
nabopatopHOro  cTeHja  HeoOXxoaumMo  coOpaTh  CXeMy  HMCCIleTOBaHuUs,
MOKA3bIBAIONIYIO TOPSAIOK MOAKIIOUYCHUS K KojeOaTeNbHOMY KOHTYPY TeHepaTopa
IPSIMOYTOJILHBIX UMITYJTLCOB, OCITMJUIOTpada ¥ MIITUBOJIBTMETpA (pUCYHOK 12):

[Ipu cOopke cXeMbl UCCIIEJJOBAHHUS CHTHAJ C BBIXOJA T€HEpaTopa IMOAacTCs
Ha BXOJ KOJeOaTeqpbHOro KOHTypa U TapajulelbHO Ha BXOJl MEPBOrO KaHama
ocumiiorpaga, ¢ TOMOIIBI0 KOTOPOro Ha »JKpaHe ocmwuiorpada Oyxaer
pa3BOpavYMBaTLCS BXOJHOW cuTHaI. [Ipu COCAMHEHUHM 3JIEMEHTOB CXEMbI HYXKHO
CTPOTO COOJIO/IaTh MPABHIBHOCTh COSAMHCHHUS TMOTCHIIMAJIBHBIX M 3a3¢MJICHHBIX

y3JI0B.

Ocumnnorpadp
R L —® | kaHan

Tey *® :I—’WT* [l kaHan
HI ¢ C

Pucynok 12 - CxeMa mucciie1oBaHHS TIEPEXOIHBIX MPOIIECCOB B
MOCJIEIOBATEIILHOM KOJIEOATEIIbHOM KOHTYPE

Boixon kone0aTenbHOTO KOHTYpa  COEAMHSIETCS C BXOJIOM BTOPOIO
KaHajma ocnuwuiorpada, ¢ MOMOIIBIO KOTOPOTO Ha dKpaHe ocmumuiorpada
OyZeT pa3BOpaunBaThCS BHIXOJHOW CUTHAIL.

[IpaBUIBHOCTH COEAUHEHUSI AJIEMEHTOB HCCIEIYyEMON CXEMBbI JOJKEH
MPOBEPUTH MpernojiaBaTeib, BeAyllni nabopatopHoe 3aHsaTue. Ecnu cxema
coOpaHa MpaBWIbHO, TO HEOOXOJMMO BKJIIOYUTH NMUTAHHUE BCEX MPUOOPOB:

reHepaTopa, MWUIMBOJIbTMETpa W ocuwuiorpada. Ha Beixome reneparopa
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HY>)KHO YCTaHOBUTH C TIOMOINBIO HAXOMSIIETOCS Ha MaHENIH TeHepaTropa
TymMOJiepa, U3MEHSMEro (QopMy TE€HEpUPYEMOro CHUTHalla, PEeXKUM
TeHepaly  MPSIMOYTONBHBIX ~ UMIOynbcoB.  Jlamee ¢ momoInsio
COOTBETCTBYIOLIUX PYyUYeK, HAXOASAIMIMXCS Ha MAHEIU TeHepaTopa, Ha BHIXOJE
reHeparopa YCTAaHaBIMBACTCSA HaIpsbKeHUe, paBHoe SB, wu  yacrora
HanpsbkeHus, pasHas 500 ['m.

[locne mogaun HampsDKEHUsT HA BXOJ CXEMBI M TOIKIIOYCHHS BBIXOZA
KOHTypa K ycunutento YC2 HyXHO € MOMOIIbI pydyek ocuusuiorpada:
«Bonbt/nen», «Bpewms/nen», «CtaOuiabHOCTBY U «YPOBEHbY» JTOOUTHCS
YCTOMYMBOTO M300pa)KE€HUs Ha dKpaHe ocuuuiorpada mociaeaoBaTelbHOCTH
NpSMOYTOJIHBIX MMITYJIbCOB Ha TIEPBOM KaHalle ocImuuiorpada u molydyuTh
yCcTOMUMBOE W300pakKeHWE HANPSOKEHUS C  BBIXOJA HCCIEIYyeMOH Iernu
(HampsKeHUsl Ha KOHJIEHCAaTOpe) Ha BTOPOM KaHalie ociuiorpada.

YcTranaBnuBas MOOYEPEIHO 3HAYCHHS] aKTHBHOTO COMPOTHBIEHUS R,

paBHBIC: ZR@, R,rp, O.1Rk,p, NMOJYYUTh HA BbIXO/A€ WENU VISl KaXKJI0ro

3HAYEHUS CONMPOTHBJIEHHUS R ocumiorpaMmbl HaNpsKeHUs] Ha
KOHJIeHCaTope npu nmojave Ha BXO0JT MoCJIe0BaATEIbHOCTH
NPSIMOYTOJIbHBIX  HMIIYJIbCOB. IlepenectTu B OTYeT C DJKpaHa
ocrmyuiorpadga COBMECTHO T'padUKH H3MEHEHHH BXOJHOTO M BBIXOJHOT'O
HanpspkeHud ucciaeayeMod RLC - menm Jisi Kaxaoro U3 TpeX 3HAYCHUU
conportupieHus R. [ paccmaTpuBaeMoro npumepa rpaduku IpUBEICHbBI Ha

pucyHke 13.
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Ugs (£),B

b,mc
02 04 06 08 10 12 14 16 18 [20 22 24 26 28 |30

Ugene(1).B

Ueux(t)B

Pucynok 13 — I'paduku u3mMeHeHus: HaNPsKEHUsT Ha KOHJEHCATOpe

HCCIIENYEMOW eI

HAns xonebarenbhoro pexuma (mpu R =0.1R;,) mno ocuuwiorpamme

BBIXOJIHOTO CHUTHAJIAa HW3MEPUTh M PACCUUTATh TE€ K€ NapameTpbl, KOTOpPHIC
paccUuTaHbl TEOPETUYECKHU.

ChHavana wu3MEpuUM JUIMTEIBHOCTh HECKOJIBKHX MEPUOJOB COOCTBEHHBIX
3aTyxamux KojeOanuid At. JIJiss TOBBIIICHHUS TOYHOCTH HM3MEpEeHHH Oepem
MaKCUMaJlbHOE dYHCclio TepuonoB. Ha rpaduke (pucyHok 13) mimuTensHOCTH
yeThIpex TmepuosioB paBHa At = 0,825 mc. Berumciaum nepuoa coOCTBEHHBIX

KoJIeOaHuit

An-3
Tc =% =>"=——=10,206 -10~3c = 206wxc,

rae N — 4uciio nmepuoioB.
[To HalineHHOMY NEpUOAY BBIUMUCIUM YaCTOTY COOCTBEHHBIX KOJIeOaHUI
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_2m 628

__ 628 . 103
¢ = 1. = 02061073 30,5 10°pan/c.

Boruncnum norapudmMudeckuil IEKPEMEHT 3aTyXaHUsl, UCIOJIb3Ys BBIPAKCHHUE
(1.13). nst aTOro mo OCHUJUIOTpaMME BBIXOJHOTO CHTHAalla U3MEPUM COCEIHHUE
MakCcHUMyMbI BbixogHoro curHana Ul u U2. Ha rpaduke (pucynok 13) Ul = 6,2
B, U2=44B.

U1 6.2

A=In—=1In
Uz 4,4

— In1,409 = 0,343,

Boruncnum ko3 (UIMEHT 3aTyXaHUs COOCTBEHHBIX KoJieOaHUN KOHTypa IO

dbopmyne
A 0,343
§=—=—""—=1,665-103
Tc 0206103
PesynpTaThl mapamMeTpoOB,  TOJYYEHHBIE C TIOMOIILIO YHHBEPCAIBHOTO

1ab0paTOPHOTO CTEHIA, 3aHOCITCS B Tabnuiy 3 .

3.4 OdopmieHue pe3yabTaToB UCCIICIOBAHUS

PesynpraThl HcclieoBaHUS MO JIaHHOW dYacTH JIaOopaTOpHOM pPalOTHI,
KOTOpBIE TOJTHOCTHIO BOMAYT B OTYET MO JIaOOpaTOpHOW paboTe, MOIKHBI
coJiepkKaTh:

- TNPUHLMIHUAIBHYIO CXEMY TPOBEJCHUS DJKCIEpPUMEHTa W H3MEpeHus
HEOOXOAUMBIX XapaKTePUCTHK (PUCYHOK 12),

- pesyJIbTaThl pacyera napamMeTpoB KoHTypa: P, Ry, (Tabmuua 3),

- pe3ynbTaThl pacueTra W HKCICPUMEHTAJIHLHOTO OIpPECICHHs] MapaMeTpoB
KO0JICOATEIBHOTO MEPEXOIHOTO Tporecca: ., & , A (tabmaumna 3),

- COBMENICHHBIC OCIIIIOTPAMMBI BXOJHOTO ¥ BBIXOJHOTO CHUTHAJIOB
MCCIIEIOBAHHBIX TIEPEXOIHBIX MPOLIECCOB (PUCYHOK 13),

- BBIBOJBI O PC3yJibTaTaXx IPOBCACHHBIX HCCHGHOBaHHﬁ.
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Tab6nuia 3. [TapamMeTpbl KOHTYpa U KOI€0aTEIHLHOTO MEPEXOTHOTO

npoiiecca B HeM

ITapameTpsl epexoHOro KojaebaTesIbHOro mporecca

ans R =0.1Rg,= 115 Om

[Tapamerpsl
BXOJHOTO [Tapamerpsl KOHTYpa pacCUNTaHHBIC
CHTHAJIA paccuuTaHHBIC IKCIIEPUMEHTATHHO
TEOPETUYECKU (c momoIkI0
71a00paTOPHOTO CTEH/IA)
w_=30-10%pan/c w, = 30,5 pan/c
U=5B _
L=19ulu Te = 209, 4uxe Tc = 206Mxe
C=57.4u0d
= . 3 - . 3
p =575 Om 6=1,5-10 6=1,665-10
Ry, = 1150 Om
f=500T"1
Q=5 A=0,315 A =0,343
4. OdopmieHnue Bcex pe3yJbTAaTOB OTYETA
[TapameTpsl epexogHOTO
K0JIeOaTeIbHOTO MpoIiecca s
I1 R =0.1Rg, =115 Om
BpaMeTpE! [TapameTpsi ke
BXOJTHOTO MOJTy4YCHHBIC
KOHTYpa
CUTHana paccurTaHHBIC IKCIIEPUMEHTAIBHO
TEOPETHUYECKH (c moMoIIBI0
71a00paTOPHOTO CTECH/IA)
@, =30-103 @ =30,28-10°
U= 5B (I;_: 5179 rrz) paa/c pan/c
S Tc=02wke | Tc=0,2075 ke
p =575 0Om
Ryp =1150 Om 8 =15.108 & =1,665-10°
f=500T"g Q=5
A =0,315 A =0,343
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5. KoHTpO/IbHBIE BONIPOCHI
Kaxkue nmpouecchbl ObIBalOT B 3JIEKTPUUYECKUX LENAX?
OO0BsicHUTE PUBUYECKUN CMBICI MTEPEXOIHBIX MTPOIIECCOB.
B kakux 351eKTpUUeCcKUX LEMsX BO3HUKAIOT MEPEXOAHBIE MTPOLIECCHI?
VYcnoBust BOSHUKHOBEHHMSI IEPEXOIHOTO Mpoliecca.
Uto Takoe KOMMyTas?

3aKOHBI KOMMYTalluu.

N o a b~ w D Ee

[TosicHuTe TOHATHS TMEPEXOJAHOT0, CBOOOJHOTO, YCTAHOBMBIIETOCS U
MPUHYKJICHHOTO PEKUMOB.

8. [Touemy B 1emsx, HE COJAEpPXKAIIUX PEAKTUBHBIX JJIEMEHTOB, HE
BO3HUKAIOT NIEPEXOAHBIE MTPOLIECCHI?

Q. UTto Takoe HaYaIbHBIC YCIOBHS AIEKTPUUYECKOM IIETTH, UCIIOIb3YeMbIe MPU
pacydere nepexoHbIX MPoLeccoB?

10. Yem oTiHMualoTCs 3aBUCHMBIE HaydalbHBIE YCJIOBHUS OT HE3aBHUCHUMBIX
HAYaJIbHBIX YCIOBUIA?

11. 3anumure u 00BsICHUTE (POPMYITBI, CBA3BIBAIOIINE MTHOBEHHBIE 3HAUCHUS

TOKa 1 HAIIPAKCHUA )T MHAYKTUBHOCTH, CEMKOCTH, COIIPOTHUBIICHUA.

12. Ilerp Ha3bIBaeTCS KOJIEOATEIHHBIM KOHTYPOM?

13. Kakue ObIBaroT KoebaTeIbHbIC KOHTYPHI?

14. Hapucyiite cxeMbl kKoe0aTeIbHBIX KOHTYPOB?

15. B dem 3akirodaeTcs pacdeT mepexoaHoro mpoiecca?

16. Kakue cymiecTByroT MeTOAbI pacueTa MepexoIHOro npouecca?

17. UTto nonydaercs B pe3yibTaTe pacyeTa NepexoHOro mpouecca?

18. B deMm oTimyme KIacCMYECKOTO METOJa pacdera MepexoJHOTO IMpoiecca

OT OMepaToOpHOTO?
19. B dem mocTOMHCTBa KIaCCHYECKOTO W OIEPATOPHOTO METOIOB pacyeTa

MEePEXOJIHBIX TPOLIECCOB?

20. Kak cocraBinseTcst oneparopHasi cxeMa 3aMeNICHHs AJIEKTPUIECKON Lenu?
21. Uto Takoe NopsAm0K INEKTPUIECKON 1enn?
22. UeMm oTnnyaercs nenb NepBOro MmopsaKa OT UEenu BTOPOro nopsijaka?
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23. Kak nmony4nts XapakTepUCTUUECKOE YPABHEHHE DIICKTPUUECKOMN Lenu?
24, JUisi 4yero MCHoJib3yIOTCSI KOPHU XapaKTePUCTUYECKOIO CONMPOTUBICHUS
AIEKTPUYECKOU 1enn?

25. Kaxkue Bubpl mepexoJHbIX MPOLIECCOB OBIBAIOT B ANEKTPUUECKUX LIETISIX?
26. Kakne mapaMerpbl JIEKTpUYECKOW LENM BIHSIOT Ha  XapakTep

NIepEX0JHOTO Tpolecca B Hel?

217, JlaiiTe onpesesieHre €AMHUYHON CTYNEeHYaTON (DYHKIIMH.
28. JaiiTe ornpezesieHre MOCIEI0BaTEIbHOCTU MPSAMOYTOJIbHBIX UMITYJIbCOB.
29. OcCHOBHBIE TIApAMETPbI, KOTOPBIE XapaKTEPHU3YIOT IOCIIEI0BATEIbLHOCTD

IPSAMOYTOJIBHBIX UMITYJICOB?

30. UTto Takoe pexuM CBOOOHBIX KOJICOaHMI1?

31. Uto Takoe IEKPEMEHT 3aTyXaHus?

32. Kaxk ompenensiercss yactora CBOOOHBIX KOJICOAHM?

33. Kak Biuser akTUBHOE CONPOTHUBIICHHE Ha TMEPHOJ CBOOOIHBIX
KoJeOaHuin?

34. Kakoit mepexonHbIii mpolecc MPOUCXOJUT B  IOCIEN0BATEIHLHOM

KoJIeOaTeTbHOM KOHTYpPE TpU BO3JCHCTBUM Ha HETO CTyneHYaTod (yHKIMU H
PSMOYTOJIEHOTO UMITYJTbca?

35. OOBsiICHHTE 3aBUCHMOCTh XapakTepa IIePeXOJHBIX KojeOaHuh OT
pacToNOXKEeHHUsSI KOPHEH XapaKTepUCTHYECKOTO YypaBHEHUS Ha KOMIUICKCHOU

IIJIOCKOCTH.
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JlabopaTtopHas pabota Neb6

NCCIIEAOBAHUE AMIUINTY JHO-HACTOTHbBIX CIIEKTPOB
HNEPUOANYECKNX HEI'APMOHUNYECKNUX CUT'HAJIOB

HEJb PABOTBI

OcHoBHast  1enb  JlabopaTopHOW  pabOTBI -  YIIIyOJICHHE,
CUCTEMAaTH3allMs U 3aKPEIUICHHE TCOPETUYCCKUX 3HAHUH 0 JTUCIIUIIIINHE
TOL, a Takke NpUOOpPETEHHUE NPAKTUYCCKUX HABBIKOB Pa3JIOKCHHUS
MIOCJICIOBATEIBHOCTEH TEPUOAMYECKAX HETapMOHHYECKUX CHUTHAJIOB B
psin DOypbe W HCCICNOBAaHUS AMILTUTYJHO-YaCTOTHBIX CIIEKTPOB ATHX
CUTHAJIOB.

B MeTomudecknx ykazaHUsX MOAPOOHO pPACCMOTPEHBI BOIIPOCHI:

- TEOPETUYECKOTro 00OCHOBaHUS Pa3IoKCHHS
TIOCJICIOBATEIIBHOCTEH MEePUOINICCKIX HETapMOHUYECKHX CUTHAJIOB Ha
TapMOHHYECKHE COCTaBISIONINE B psig Dypbe;

- UCHOJIb30BaHUS ANEKTPUUECKUX nenen TUTST
AKCIIEPUMEHTATBLHOTO BBIJICICHUSI TaPMOHMYECKUX COCTABISIOMIUX W3
NEPUOJUIECKON MOCTIEA0BATEIBHOCTH HETAPMOHUYECKUX CUTHAIIOB;

- aHaIM3a AMIUIUTYIHO-9aCTOTHBIX CIEKTPOB MEPUOIMUECKHUX

HOCHGI{OB&TGHBHOCTCﬁ HCTApMOHHNYCCKUX CUT'HAJIOB.



AHHOTANIUA
B onmcanuu mnpuBeneHsl pa3zpaboTaHHbIE 33JaHHE U METOAMYECKUE
yKazaHusi I BBINOJHEHUs JabopaTopHoil pabotel Ne 6 - «McciemoBanue
aAMIUTUTYJHO-4YaCTOTHBIX CIIEKTPOB MEPUOJINYECKUX HETAPMOHUYECKUX CHUTHAJIOBY
no auciuiinae « Teopus anekTpuyeckux ueneiy (TIOL).

3agaHue U METOOUYECKHUE YKa3aHUs MTPEAHA3HAUYECHBI AJISI CTYAEHTOB 2 Kypca
OYHOW W 3a04HOM (Popmbl 0OyueHus: Bcex Mpoduieil HampaBlieHUs MOATOTOBKU
11.03.02 - «<HpOKOMMYHUKAIIMOHHBIE TEXHOJIOTUU U CUCTEMBI CBSI3UY.

OcHoBHas 11eJ1b JIa0OpaTOpPHOU PabOTHI - YIIIyOJICHHWE, CHCTeMAaTHU3aIus 1
3aKpeIvIeHue TEOPETUYECKUX 3HaHUuM 1o aucummumHe TOLl, a Ttakxke
NpUOOpPETEHUE TMPAKTUYECKUX HABBIKOB PA3J0KEHUS IOCJIEI0BATEIbHOCTEM
NEPUOJINYECKUX HErapMOHUYECKUX CUTHAJIOB B psang Dyppe M HCCIEI0BaHUA
aMIUTUTYAHO-YaCTOTHBIX CIIEKTPOB ATUX CUTHAJIOB.

B MeToguueckux ykazaHUAX MOJAPOOHO pacCMOTPEHBI BOMPOCHI:

- TEOPETUYECKOr0 OOOCHOBAaHUS  PA3JIOKEHUS  IOCIEI0BATEIbHOCTEN
MEPUOANYECKNX HETAPMOHUYECKUX CUTHAJIOB Ha TAPMOHHMYECKUE COCTABIISIOIINE B
pan Oypee;

- HWCIOJb30BaHUs JJEKTPUYECKUX LENed Mg HDKCIEPUMEHTAIBHOIO
BbIJICJICHUS TFapMOHUYECKUX COCTaBJISFOIINX u3 MEPUOANYECKON
MOCJIEIOBATEIbHOCTH HETAPMOHUYECKUX CUTHAJIOB;

= aHanu3a aMIUTUTYAHO-4YaCTOTHBIX CIEKTPOB NEPUOIUYECKUX

HOCHCI[OB&TGJIBHOCTGI;'I HCTApMOHHUYCCKUX CUT'HAJIOB.



1. I'apMoHu4Yeckni aHAAM3 Ha OCHOBE Pa3JIOKeHHS IEePHOAMYECKOH

¢pyukuuu B psag Dypsbe

JIrobOyro mepuoanueckyro gynknuio f(t) (pucyHok 1), ymoBIeTBOPSIONIYIO
YCJIOBUSIM HENPEPBIBHOCTH W JUGPEPESHIUPYEMOCTH, MOXKHO pPa3lIOKUTh B

OCCKOHEUHBIN TapMOHUYECKUN psasl Dypbe:

A S

Pucynok 1. Ilepuoanueckast HerapMoHUYecKasi PyHKIIHS

f() = % + Yo—,(a, cosnw;,t + b, sinnw,t) (1.1)
rJie: w1 = 27n/T — 4actoTa rnepBoi (OCHOBHOW) TapPMOHUKH;

T — mepuon xonebanust pynkuuu f(t);

n@w; — 9acTOTa TApMOHMKHU N-0ro mopsiaka, N =1,2,3,...;

% — IIOCTOSIHHAsI cocTaBiisttomast GyHkuu  f(t).

KoadpurmenTs paznoxenns (1.1) onpenensroTcst BRIpaKCHUSMU:

ap _ 1T _
2= f(®)de ; (1.2)
a, = %fOTf(t) cosnw tdt ; (1.3)
2 (T :
b, = Ffo f(t) sinnw, tdt. (1.4)
Paznoxenue pynkuuu f(t) B hopme (1.1) MOKHO IPUBECTHU K BHILY:
f() =2+ Ty Ay sin(noyt + @y), (1.5)
re:
A, =+/bz +a?, p, = arctg Z—:. (1.6)

TeopeTtruecku TpuronomeTpuueckuii psg @ypoe (1.5) 0eckonedyen. OgHako

peanbubie (yHkmuu f(t) curHaIoOB, HCHOJAB3yeMbiX B TOI[, kak mpaBuio,
5)



pas3naraloTcs Ha CHEKTPbl, aMIUTUTYJbl TAPMOHHUK KOTOPBIX OBICTPO YOBIBAIOT C
yBEITMYCHUEM HOMepa TapMOHHKH. Beipaxkenue (1.5) Takxke CBHAETEIBLCTBYET O
TOM, YTO MEPUOJMYCSCKHII HETapMOHHUECKHI CUTHAM f(t) MOXKET OBbITh MOJIyYeH B
pe3yapTaTe CyMMHPOBAHUS psa GyHKIHIA;

o o a
- TOCTOSIHHOW COCTaBJISIOLIEH 70,

- TEpBOM TAPMOHHMKU C YAaCTOTOM @; , aMIUIMTYJIOM A; , HayaabHOU

dazoii ¢4,

- BTOPOM TapMOHMKHU C YacTOTOW 2w;, aMIUIUTyAO0ul A,, HayaabHOU
baszoii @,
- TPEThEW FapMOHMKHM C TapaMeTpamMu 3w , Az , @3,
- JIPYTHUX BBICIINX TAPMOHHUK.
3aBUCUMOCTH aMIUIMTYJ TAapMOHUK A, U UX HayalbHBIX (a3 ¢,, OT YACTOThI
Ha3bIBAIOTCS YACTOTHBIMU CIIEKTPaMHU COOTBETCTBYOmEeH GyHKIuu [ (t).
YacToTHBIE CIIEKTPHI JTFOOOTO0 CUTHAJIA IPUHATO U300pakaTh rpaduyecKku

B (DYHKIIUU YaCTOTHI (PUCYHOK 2):

4
Ay
a) ..@ Aq
= A
4 AS
| .
0 €y Qe 3oy de Sun =
A\Pn
kg
G) 1
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Pucynok 2. YactoTHble crieKTpsl curHana f(t)



3aBUCUMOCTh AMIUIATYJ, TAPMOHHMK OT YaCTOThI HA3bIBACTCS] aMILTUTYIHO-
gacToTHBIM criekTpoM (AYC) ¢ynkmuu f(t) (pucyHOkK 2a), a 3aBUCHUMOCTb
HaYalbHBIX (a3 TAPMOHHUK OT YacTOTHl Ha3bIBaeTCs (Pa30-4aCTOTHBIM CHEKTPOM
(®UC) dbynkuuu f(t) (pucyHok 20).

N3 Beipaxkenus (1.5) u pucyHkoB 2a, 20 cieayer, 4TO IEPUOIUUYECKHE
HErapMOHWYECKHE KOJCOAHWS HMMEIOT JHUCKPETHbIE CHEeKTphl. [lpm rpaduaeckom
M300pKEHUHM YaCTOTHBIX CHEKTPOB WX COCTABIIAIONIME PACIONAaraloTcsi Ha OCH
4acTOT C MHTEPBAJIOM, KPaTHBIM YacCTOTE MEPBON TApMOHUKH ;. VICXOs1 U3 BEITIE
U3JI0)KEHHOTO, MOXHO  yTBEPXKIaTh, YTO MaTEMaTHYECKH TEPHOIUUYECKAS
HETapMOHHUYECKas TOCIIEI0OBATEILHOCTh CUTHAJIOB MOYKET OBITh MPEACTaBleHa, KakK
CyMMa TIOCTOSSHHOM  COCTaBJISIIOIIEM U OECKOHEYHO  OOJBIIIOr0  YHcia
CHHYCOMJIAJIbHBIX COCTABJISIIONIUX C YacTOTaMH, KPaTHBIMH YacTOTE TEPBOM
TaPMOHUKH (W1 .

Paccuntaem TeopeTHyecKHn W TIOCTPOUM TpadUUYECKd aMIUTUTYIHBIC
CHEKTPHI MEPUOTNISCKON TTOCIIEAOBATEIHPHOCTH MPSMOYTOIBHBIX BHICOMMITYJIHCOB
(pucyHok 3):

h A
)

Pucynok 3. Ilepuoandeckasi nociie10BaTEIbHOCTh MPSAMOYTOJIbHBIX
BHUJICOMMITYJIbCOB.
BriGepem criemyrorue 0003HauEHUS MapaMeTpPOB UMITYJIbCOB: aMIUIATYAA -
Uy, AMUTENBHOCTh UMITYJIbCA - t,;, IEPUOJ CIEAOBAHUS HWMITYJILCOB - T .
AHQIUTUYECKA TEPUOUYECKasi MOCIEAOBATEIbHOCT HETAPMOHUYECKUX
BHJICOMMITYJIbCOB HAa HMHTEpBajie 1 B 3aBUCMMOCTH OT BPEMEHHU 3aIKMCBHIBACTCS

CICAYIOIIUM 00pa3oMm:



Uynpu0<t<t,

f(t)z{OantHStST (1.7)
Paccuntaem konhOUIIMEHTH pa3iokKeHUs NaHHOTO CUTHaIa B psan Dypbe

(1.1). B cootBerctBHH ¢ (1.2) mOCTOSTHHAS COCTABIISIONIAs CUT'HAIA OyAEeT paBHa:

1 T 1 rty ty
Qo _ ~ [, fOdt =~ [ Uy dt = Uy (1.8)

2

[MoncraBnsas  nmanHble B BoIpaxkeHwe (1.3), NOJIyYMM  3HA4YEHUE

kodpdunrenrta a,:

ty

T
2 2
a, = Tf f(t) cosnw tdt = Tf U, cosnw,tdt =
0 0 (1.9)
2U, 2U

0 .
sinnw, t,
nw,

. t
sinnw,t | ¥ =
nw, 0

C nomorsio BeipaxkeHus (1.4) onpenensiem 3HaueHue kodduimenta b, :

T tu
b, = ;j f(t) sinnw, tdt = ;j U, sinnw, tdt =
0 0
2U, t, 2Ug (1.10)
= T, (— cosnw;t) |0 = Tno. (1 — cosnw;t,)

Wcnone3yst 3HaueHus koddoumumentoB a, (1.9) u b, (1.10), wnHaiinem

BblpakeHUd A, U  @,:

20U
A, =+ a3+ bz = Tna()) JsinZ nw;t, + 1 — 2 cosnw;t, + cos? nw; t, =
1
2U, 2U, nwty,
anl‘/ (1= cosna,t,) anl\/ ST (1.11)
AUy | nwgty|  2Ug| . nwity
- Tnw, > 2 | nm > 2




Ly O . sinnw; t,
= arctg — = arc
On g b, 91" cos nw;t,

nwq tl/[

= arctg (T) = % (m — nw,t,) (1.12)
[ToxcraBisist mojydyeHHOe 3HaueHue KoadduiuentoB A, u @, B (1.5),

NOJIyYMM BbIpakeHue psga Dypbe s MOCIEAOBATEILHOCTH MPSIMOYTOJbHBIX

BHUJICOUMITYJILCOB.

2U, nw,t,
— |sin———
nm

1
sin [nwlt + > (mr — nwqt,) ] (1.13)

F(©) = Uy 2+ Z

B coorBercTBHM € BBIIIE W3JI0KEHHBIM, AMIUIMTYIHO-YACTOTHBIM CHEKTP
(AYC) mnocnenoBaTebHOCTH MPSAMOYTOJBHBIX BHICOMMIIYJIBCOB TEOPETHUECKU
ClaraeTcsi M3 IIOCTOSHHOW COCTAaBISIIOIIEH W CHHYCOMJAJIBHBIX TapMOHUK C

4acTOTaMH Nwq U aMILNIMTy1aMHU.

2U0 n(l)l "

nm

(n=123,..). (1.14)

N3o6pazum AUC I/ICCJICI[YCMOﬁ nocyenoBaTebHOCTH Tpaduuecku. [s
ATOTO BBEAEM OOO3HAYECHHME. NwW; = w* W OyIeM YCIOBHO CYHTaTh, 4YTO "
U3MEHAETCSl HenpephiBHO. [Ipu 3TOM KpuBas, ONMCHIBAIONIAS 3aKOH W3MEHEHUS
aMIUTATYZ] CIHEKTpa TOCJIENIOBATENBHOCTH MPSAMOYTOJBHBIX BHJIEOUMITYJIHCOB

(1.14), na3eiBacTcst OrHOAIONICH aMIUIMTYHO-9aCTOTHOTO CIIEKTPa, U U3MEHSETCS

*

. W't
% [sin

YacroTel, mpu KoTopbix orubaromas AYC Oyner

oOpainatecsi B HyJIb, ONPEIEISIOTCS U3 YCIOBHS:

* *

siant” = 0 wau wzt” = km, (1.15)

2T
B KOTOPOM 3HAaUYeHUs " = t_k BhruncasaoTca npu (k = 1,2,3, ...).
u

PaccuuTtanubiii AUC MOCJIEIOBATENHHOCTH IPSIMOYTOJIbHBIX

BUJICOUMITYJIbCOB UMEET BHJI (PUCYHOK 4):
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Pucynok 4. AUC nocneaoBaTeibHOCTU MPSIMOYTOJBHBIX BUICOUMITYJIHLCOB

Orubaromjas AUC nocienoBaTeIbHOCTH MPSIMOYTOJIBHBIX BUCOUMITYJIHCOB
MOKAa3aHa HA PUCYHKE 4 IIyHKTUPOM.

[Tonoxenue Hymei orudaroiei onpeaensieTcs IIUTeIbHOCThIO UMITYJIbCA.

[Tockonpky paznoxenue (1.5) comepKUT TONBKO JNUCKPETHBIE TAPMOHUKHU C
4acTOTaMU Nw; , TO TOJYYEHHBIM CHEKTp OyAeT AMCKPETHBIM. AMIUIUTYIbI
FapMOHMK IIOKa3aHbl HAa pUCYHKE 4, WX 3HAYEHUS OIPEACIAIOTCS 3HAYECHHEM

orubaromiei s KOHKPETHOM YaCcTOTHI.
o 2n
YacroTa nepBoM TapMOHUKA Wq = - OMPEJIENISETCs MEPUO/IoM koneOanus T.

[ToncTaBuB 310 3HaueHue B (1.13), momyyum:

nmt,
T

f) =U, T %Zlel sin sin(nw,t + ;). (1.16)
T T n

B stoM Bblpakenun otHomeHue T /t, = () Ha3bIBae€TCs CKBaXXHOCTHIO

uMITyJbcoB. C yd4eToM ATOro MOHATUS BeIpakeHue (1.16) 3anumercs B BUE:

. nm
sin—

Q

f) = %+ 2oyl sin(nw,t + ;) . (1.17)

n=1
Ecnu npuHATH 3HAaYEHUS CKBAXHOCTH pPaBHBIM (Q = 2, TO aMILIUTyla

MOCTOSIHHOM cocTaBJsitoleld Oyner paBHa U, /2, aMmiuTyna nepBoid rapMOHUKH -

10



2U, .
A= ——» AMIUTUTYJa BTOPOH

2U,

31T

rapmMOHUKUA - Az

CKBaXHOCTH MMCCT BU:

}.‘h\z—l

A T.I.

rapMOHUKH

AUYC

A, =0,

aMIUIMTyAa TPETben

KOJICOaHMS IIpu JaHHOM 3HA4YCHHHU

mo— - Al
N
“ A3
5, — - -
\ - T Az
- . - —
g . -
¥ e T o
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Pucynok 5. AYC nociienoBaTenbHOCTH NPSAMOYTOJIBHBIX BUAEOUMITYJILCOB

npu Q =2

CnenoBatenbHO, IpH (Q = 2 aMIUIUTYAbl BTOPOW, YETBEPTOW U OCTAIBHBIX

YeTHBIX TapMOHUK OyAyT paBHbl HYJIIO, TaK KaKk OHU TONAJal0T B HYJIH

OruoaroIiei.

[Tpu ckBaskHocTn Q = 4, kak cienyer u3 (1.17), B Hynu orubarormiei OyayT

nomajaarb 4C€TBCpTadA, BOCbMaAsA, JABCHAJALATAsA W KPATHBIC YCTBIPEM TI'apMOHUKH.

Crnextp Oyzner UMeTh BUJ, NMOKAa3aHHBIN Ha pucyHke 6. Pucynku 4 - 6 mo3BoJsIOT

BBISICHUTH, Kak OynerT wm3MeHAThcss AUC mocneqoBaTeNbHOCTH, €CIIM H3MEHSTH

3HayeHwus t, v T

,.'*'.,A

T

S

1]
-

o
—

o

-
e

2|

o

40‘)1 50‘..‘!1 ﬁm]

Pucynok 6. AUC nocnenoBaTebHOCTH MPSAMOYTOJIBHBIX BUIEOUMITYJIBCOB

11

MpU CKBaXHOCTH Q = 4



2. ToaroroBka K BHINOJHEHHIO JJa00PaTOPHOI padoThI

[Ipy m1OATrOTOBKE K BBIMOJHEHUIO J1a0OpaTOpHOM pabOThl CTYIEHTY
HEOOXOIUMO:

- 03HAKOMUTHCS C OMUCAHUEM JIaHHOW 1a00PaTOpHOI pabOThI, YSICHUTDH LIETh
paboThI,

- U3YYUTb OCHOBHBIE TEOPETUUYECKUE CBEACHHUS, IIPUBEACHHBIE B ONHUCAHUU
n1abopaTopHOI paboTHI,

- OTBETUTb Ha KOHTPOJIBHBIE BOIIPOCHI JJIsl JIONyCKa K BBIOJIHEHUIO U
3amuTe 1a00paTOpHO pabOTHI, MPUBEACHHBIC B KOHIIE OMTUCAHUS,

- O3HAKOMHTBCSI CO CXEMOW HCCIIEOBAHUS, MCTIOIb3yeMbIMU MpUOOpamMu U

MOPSAKOM MPOBEICHUS JTabOPaTOPHOM pabOTHI.

3. Coaep:xaHue 0T4EeTA 0 pe3yJbTaTax MpPoAeJaHHOH J1a00pPaTOPHOIi padoThI

B oTdere mo wWTOoram BBIMOJHEHUS JTAOOPATOPHOUM PabOTHI TOJDKHBI OBITh
TIPUBEICHBI.

- Ha3BaHUE U IIeJIb Ta0OpaTOPHOH pabOTHI,

- CTpYKTypHas CcXeMa »JJICKTPHUYECCKOW 1IN, TNpeIHa3HAYCHHOW IS
NPOBEJCHUS HWCCIENOBaHUS, C YKa3aHHEM BceX €€ DJJIEMEHTOB, BKIIOYAs
W3MEpPUTEIbHBIE MPUOOPHI M UCTOYHUK IMUTAHMSI,

- MaTeMaTHYeCKWH amnmapar, WCIOJIb30BAaHHBI TIpH IOATOTOBKE K
MIPOBEICHHUIO UCCIICIOBAHUS U TTPU 00pabOTKE MOTYyUYEHHBIX PE3yIbTaTOB,

- pe3yNbTaThl U3BMEPEHU, TTOJIYYCHHBIC B MPOIIECCE IKCIIEPUMEHTA, a TAKKE
WUTOTOBBIE PE3YJIbTAThl O0PA0OTKU ITUX PE3YyIbTAaTOB, 0OPMIICHHBIE YHCIEHHO U
rpaduyeckue,

- BBIBOJbI O pE3yJibTaTaX IMPOBCACHHBIX HCCHCﬂOBaHHﬁ.

12



4. AJIFOpHTM BbIJICJICHUSA TFapMOHHMYECCKHUX COCTABJIAIKOIIIHNX u3

nepnozmqemcoﬁ NoCJI€A0BATC/IbHOCTH HCTapMOHUICCKUX BUACOUMITYJILCOB

PaccmoTpuM anroputm BbIAEIEHUS TAPMOHUYECKUX COCTABIISIOMINX U3
NEPUOANYECKON TIOCIEN0BATENbHOCTH HETAPMOHUYECKUX (IIPSIMOYTOJbHBIX U
OKCIIOHEHIIMAIILHBIX) BHICOMMITYJIHCOB, HA KOTOPBIE OHA MOXKET OBITh Pa3lIo’KeHa C
nomo1bio psana Oypee.

AJropuT™M  BBIJENEHHUS ~ TApMOHUK  IPEANOJIaraeT  HCIOJIb30BaHME
IIEKTPUYECKOW LEMH, COJAEpXKallel MapauieabHblil KoJIeOaTeNbHbIA KOHTYP

(pucyHok 7):

Qoywnnorpatg
~® | xaHan

& || kaHan
@D Usfsre

Pucynok 7. Cxema 3J€KTpUUYECKOM LIETH, UCTIOIb3YEMOM [IJIs BhIACICHUS
rapMOHUYECKHUX KOJICOaHUM U3 MEePUOIUIECKON MOCIe0BATEILHOCTH

IMPAMOYTOJIBHBIX BUACOUMITYJILCOB

W3BecTHO, YTO B MOMEHT pE30HAHCA B MapayieIbHOM KoOJeOaTeIbHOM
KOHTYpE OH BbIJIEISeT (MaKCHUMajlbHO YCHJIMBAeT) rapMOHUYECKOe KosieOaHue,
4acTOTa KOTOPOTO COBIIAJAET C PE30HAHCHOW YaCTOTOM ATOr0 KOHTypa. ITO
CBSI3aHO C TEM, YTO B MOMEHT pPE30HAHCa CONPOTHUBIICHUE NAPAJLIEIBHOTIO
K0JIE0ATEIbHOTO KOHTYpa JOCTUIAeT CBOETO MAaKCHUMAJIbHOIO 3HAYEHUS U
NPUOOPETAET YUCTO AKTUBHBIN XapakTep. B cBs3u ¢ 3TUM Ha KOHTYype MOJTydaeTcs
MaKCHMaJbHOE HAMpsKEHHE CUHYCOMAAIBHOTO KOJEOaHUs, UMEIOLIETO YacTOTy,
COBHAJAIOUIYH0 C  PE30HAHCHOM  4YacToTOM  KOHTypa. Bce  ocranbHbIE

CUHYCOMJANIbHBIE KoJieOaHWsl oOOpa3yloT Ha KOHTYpE MEHbIINE 3HAYeHHS
13



HAOpsDKEHUs, TaK KakK COMNPOTUBIEHHE BBICOKOJOOPOTHOTO MapajiedbHOro
KOHTYpa pPE€3KO YMEHBIIAETCS IpU OTKJIOHEHUM YacCTOThl OT PE30HAHCHOIO
3HAuYEHHUA. Y MEHBIICHUE COMPOTUBIIEHUS KOHTYpa OyJIeT MPOUCXOUTh TEM pe3ye,
YeM BBILIE T0OPOTHOCTH KOHTYpa. ClieoBaTeIbHO, NapauieIbHbIA KoieOaTeIbHbIN
KOHTYp Bceraa OyJeT BbIIEIATh (MAaKCUMAaJIbHO YCHJIMBATh) CHUHYCOMJIAJIbHBIC
KOJIeOaHMsI, 4aCTOTa KOTOPBIX COBMAAAET C €r0 PE30HAHCHOM 4acTOTOM.

Ecnim Ha BXOA MapajuleIbHOIO  KOJEOATENIbHOIO  KOHTypa IOAaTh
MEPUOANYECKYIO MOCIIEI0OBATEIIBHOCTD IPSIMOYTOJIBHBIX BUJICOMMITYJIbCOB, KOTOpas
packiagbiBaeTcs B pan Dypbe HA CyMMYy TapMOHMYECKHX (DYHKIHM, TO KOHTYD
YCUIUT (BBIAEIUT) TOJIBKO Ty TapMOHHMKY, 4acTOTa KOTOPOM COBMAJET C €ro
PE30HAHCHOM 4YacTOTOW. [l BbIACHEHUS NEPBOW TAPMOHUKM Ha TI'E€HEPATOPE
HEOOXOJMMO YCTAaHOBUTH YACTOTY CJICZIOBAHMS MMITYJIbCOB, PaBHYIO PE30HAHCHOU
4acTOTE MapajlieIbHOTO K01e0aTeIbHOTO KOHTYpa.

Jns  BBIIEJICHUS] TapMOHMYECKOrOo KojebaHus C Jpyrod 4acToTou
HEOOXOJMMO WM3MEHHUTHh MapaMmeTphl MapauIeIbHOTO KOHTypa TaKuM o00pa3om,
yTOOBI €r0 HOBasg PE30HAHCHAs YacTOTa COBMHAJla C YAaCTOTOW ATOW TapMOHUKH.
[TockonbKy W3MEHSATH MapaMeTphl KOHTYypa CIOXKHO W €IIE€ CIOXKHEE TO0OUTHCH,
yTOOBI OHM COOTBETCTBOBAJIM YaCTOTE HY>KHOW TApMOHUKH, TO MPOIE U3MEHHUTh
YacTOTYy HCCIEAyeMOW MOCIeA0BATeIbHOCTH U JOOUTHCA TOTro, YTOOBI 4YacTOTa
UCCIIeyeMON TapMOHUKH COBMaia Obl ¢ PE30HAHCHON YacTOTON MapayuiedbHOTO
KOHTypa. Tak Kak BC€ TapMOHUKHM HMEIOT YacCTOThbl, KPAaTHBIE YacTOTE IEPBOU
TapMOHMKH, TO JUISI BBIACJIEHUS HY)KHOM FApPMOHUKH HYKHO YMEHBIIWUTH YacTOTY
MOCJIEIOBATENBHOCTH, MPONOPLUOHAIBHO HOMEPY HYKHOM TapMOHUKH, U TOTrAA
4acToTa HYKHOHN rapMOHUKH MOCIIEIOBATEILHOCTH MPSAMOYTOJIbHBIX
BUJICOMMITYJIbCOB COBHAJET C PE30HAHCHOM 4aCTOTOM KOHTYpaA.

B mpoBoguMoM HCCAEAOBaHWMM ISl BBIIEIEHHS 3-€ TapMOHUKM Ha
reHEpPaTOpe HYKHO YCTAHOBUTH YACTOTY B 3 pa3a MEHbIIE PE30HAHCHOM YaCTOTHI
KOHTYPA, JUIsl BBIICJIEHUS 5S-OM TAPMOHUKHU B 5 pa3 MEHbIIE PE30HAHCHOU YaCTOTHI.

AHaJIOTU4YHO HYJXHO IIOCTYIIATb AJIsA OCTAJIbHBIX T'aApMOHHUK.
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B npennoxxeHHol cxemMe TeHepaTop, NeHEPUPYIOINUN TOCIEN0BATEIBHOCTD
NEPUOJINYECKUX MPSAMOYTOJIbHBIX HMITYJIBCOB,  BKJIIOYEH IOCJIEIOBATEIBHO C
napajuleIbHBIM KOJ1€OaTeNbHBIM KOHTYPOM U aKTUBHBIM COIPOTUBIEHUEM Rj,
BEJIMYMHA KOTOPOrO JOJKHA OBITh COM3MEPHMA WJIM MPEBBIIIATH CONMPOTHBICHUE
NapaJuIeIbHOIO KOHTYpa MPU pe30oHaHce. BeiencTBue 3Toro Tok, NpOTEKAOIINMA B
HEPA3BETBJICHHON BETBU KOHTYpa, OYIET U3MEHATHCS B HEOOJIBIINX Mpeeax IpH
M3MEHEHUM 4YacTOThI IeHeparopa. BXoaHoe ke CONpPOTUBICHHE NapauIeIbHOTO
KOHTypa CYIIECTBEHHO M3MEHSETCS B 3aBUCUMOCTH OT 4YacCTOTHI, IPUHHAMAs
MaKCHMajbHOE 3HAUE€HUE TIPU pe30HAHCHOM dyacTtoTe. O(PPEeKT BbIICICHUS
PE30HAHCHOM 4acTOTHI OyJIET TeM CUJIbHEE, YeM OOJIbIIe aKTUBHOE COIPOTUBIICHHUE
R;, BKIIOYEHHOE B cxeMy, OyAeT MpeBbIIaTh CONPOTHUBIICHUE MAPAIIIEIBHOIO
KOHTypa IpU pPE30HAHCE U 4YeM BbIlIE JOOPOTHOCTH CAMOI0 MapajuIeNbHOTO
KoHTypa. llpomecc BplneneHUs  KOHKPETHOM TapMOHHKM € IIOMOIIBIO
NapajuIeIbHOTO KOHTYypa JIETKO OCYIIECTBUTH C IOMOINBIO ocHuuiorpada wim
MUJUIMBOJIETMETPA, €CJIM OHU MOJKIIFOUYEHBI K 3a)KMMaM KOHTYpa.

CrnenoBaTesbHO, C IIOMOLIBIO MTAPAJUIEIBHOTO KOHTYPa MOKHO BBIJICIIUTH U3
NEPUOJINYECKOM  MOCIEAOBATEIIBHOCTH  NPSIMOYIOJIBHBIX ~ MMIIYJIbCOB  BCE
TAPMOHUYECKHAE COCTABIIAIOLIME, KPATHBIE PE30HAHCHOM 4acTOTE INapajuleIbHOrO
KOHTYpa. AMIIUIUTY/bl TAPMOHUK ONPEIEIIAIOTCS € MOMOIIBI0 OocIuIIorpada uim
MUJUIMBOJIETMETPA.

ITepen HauanoOM 3KCIEpUMEHTa HEOOXOIMMO PaccuMTaThb TEOPETUUYECKH
PE30HAHCHYIO 4acToTy [apajuIeIbHOTO KOJIE0ATEIBHOTO KOHTYpa,

COOTBCTCTBYIOIIYIO HOMHWHAJIbHBIM 3HAUCHUAM Cro 3JICMCHTOB L mu C, 1o

dbopmyie:
1

pacd __
B = (118)

Tak kak Bce JIEMEHThI MakeTa yueOHoM abopaTopHoit yctaHoBkU TOIl
UCITIOJIb3yEeMbI€ TIPU MPOBEACHUU HCCIICIOBAHUS TMPUOOPHI UMEIOT OTPEICICHHBIHN

KJIACC TOYHOCTH (T.€. UMEIOT OMNpPENENIEHHYI0 MOTPEUIHOCTh B HOMMHAJIAX H
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MOKA3aHUSIX), TO JICUCTBUTEJIbHYID PE30HAHCHYIO 4YacTOTy MapajliesIbHOTO
K0J1e0aTeIbHOTO KOHTYpPa MOKHO OTMPEIEIUTh TOJIBKO AKCIIEpUMEHTAIbHO. J1jis
ATOTO HYKHO YCTAHOBHUTh HAa T€HEPATOPE PACCUNTAHHOE 3HAYECHHE PE30HAHCHOMU
YaCTOTHl W TUTABHO M3MEHATH €r0 B OOJBIIYI0O M MEHBIIYIO CTOPOHY, JOOHBASCH
MaKCUMAaJIbHOTO 3HaYEHUs HAMPSKEHUsI HA KOHTYPE M0 dKpaHy ocuusuiorpada uiu
M0 TOKA3aHUI0 MWUIMBOJIBTMETPA. 3HAUYCHUE JCHCTBUTEIIBHON PE30HAHCHOM
YaCTOThl KOHTypa OyJeT YCTaHOBJIEHO, KOTJla aMIUTUTYy/a BBIJIEISEMON TEPBOM
TapMOHUKH JIOCTUTHET MAKCUMAJIBHOTO 3HAYECHUS.

Takum 0Opa3oM, ompenensercss IeiCTBUTENbHAs pe30HaHCHAs JactoTa [,
napajyieIbHOTO KOJIe0aTeTbHOTO KOHTYpa U COOTBETCTBEHHO aMILIUTYy/a TIEPBOM
TapMOHHUKH MOCIIEI0BATEIHOCTH MPSIMOYTOJIbHBIX BUAEOUMITYJIHCOB.

J{ns BbIEICHUS] TPEThEl TapMOHUKHU (COTJIACHO TEOPUU B CHEKTPE JAaHHOM
MOCJIEIOBATEILHOCTH OYIyT NPHUCYTCTBOBATH TOJBKO HEUYETHHIE TapMOHUKH)
YCTAaHOBMM Ha TEHEpATOpE 4YacTOTy B TpPU pa3a MEHbUIE JCHCTBUTEIBHON
PE30HAHCHOM 4YaCTOTHI MapajuIeIbHOrO KOHTypa. B 3TOM citydae yacTtora TpeThen
FapMOHHUKH TIOCJIEIOBATENIBHOCTH BHJICOUMIYJbCOB COBIANET C PE30HAHCHOMN
4aCcTOTOM KOHTYpA.

IIpu yctaHOBKEe Ha reHepaTope 3TOH YacTOThl KOHTYpP BBIIETUT  3-10
rapMoHuKy. Ha skpane aByxiydeBoro ocuwuiorpada MoXHO YBHJAETh, YTO B
JTAHHOM CJIy4ae aMIUIMTYJa BBIJICJICHHOW TapMOHHMKHU OyJIeT MaKCUMalIbHOU (9TO
MOXHO IPOBEPUTH, €CIU H3MEHATh YAaCTOTY TI'€HEpPaToOpa OKOJIO PACCUYUTAHHOTO
3HAYEHUS YACTOThI 3-€i TAPMOHUKH ), & IEPUOJ] BXOJHOTO UMITYJIbCA, 101aBAEMOTO
C TeHepaTopa, B TPH pasa MPEBBICUT MEPHO]T BEIXOTHOTO KOIeOaHUS.

COOTBETCTBEHHO, YacTOTa BBIXOJHOTO KoyieOaHusi OyAeT B TpU pasza
OOJIBITIE YaCTOTHI BXOHOTO UMITYJIhCA.
Brienenue msaTOM M MOCIEAYIONIMX HEYETHBIX TapMOHUK MPOU3BOJAUTCA

AHaJIOTUYHO.
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S. IHopsaok BeINOTHEHHUsI JIA0OPATOPHOM PadoThI

JlaGoparopHass paboTa BBIIOJHSAETCS CTYAEHTOM B COCTaBe Opurajsl,
cocrosdmed u3 2-3 yenosek. Ilepen HavyasoM MPOBEACHUS 3aHATHS BEIYLIMIA
IpenoAaBaTelb IyTeEM TECTUPOBAHUS ONPENENIeT FOTOBHOCTh Ka)KIOrO CTYAECHTA
Ipynnbl K BBIIOJHEHHIO JabopaTopHOil pabotsl. Ilocie mpoBepkH TOTOBHOCTH
CTYJIEHTOB OpUrajbl OHa JIOMyCKaeTcs Ha paboyee MECTO U MOJYy4YaeT HCXOJHBIC
JTAaHHBIE JIJIs1 BHITIOJTHEHUS J1a00paTOPHOH paboTHI.

[Tpu BbIOTHEHUH TAOOPATOPHON pabOTHI UCTIONB3YIOTCS:

- yuebnas nabGopatopHass ycrtanoBka TOL[ CII6 rocymapcTBeHHOTO
YHHUBEPCUTETA TEIEKOMMYHHUKAIUM,

- TEHEPaTOp HU3KOYACTOTHBIN

- MWUIMBOJIETMETP

PaccmoTpuM MOpSIOK  BBIMOJHEHUSI Ja0OpaTOpHOMl paboThl B  clydae

3aJaHUA CJIICAYIOIIUX UCXOJHBIX JJAHHBIX.

R; = 100kOmMm, L;=14mI'Hn, R =2 Om, C,;=50u®, U.=3B, Q=2.

3Ha4YCHUE CKBAKHOCTH, PABHOE 2, 03HAYAET, YTO JTUTEIBHOCTh UMITYJIbCOB,
TeHEpUPYEMBIX TEHEpaTOpOM paBHA TOJOBHHE Iepuoja KoiieOanms. [lpu
UCCIIC/IOBAHUM  HCIIOJB30BAJICS HWMEHHO TakodW TeHeparop. lcmonb3oBanue
JPYTroro reHeparopa, 3HaueHUE CKBAXKHOCTH y KOTOPOTO MOYKHO OBLIIO MCHSTH, B
JAHHOM paboTe HE pacCMaTPUBAETCSI.

[To 3a7aHHBIM HCXOJHBIM JaHHBIM PACCYMTAEM PACUCTHYIO PE30HAHCHYIO

JacToTy 1HapaljICJIbHOI'O KoJIe0aTeNLHOro KOHTYpa.

pacy __ 1 _ 1 _ . 3
fo " 2nVIC  2-3,14V141073-50-10-9 6,018-10% I'n.

Ha crenne ydeOHOM 1abOpaTOpHOI YCTaHOBKH cOOMpaeM cxemy IIenu
JUIS  BBIJCIICHUS TapMOHMYECKMX COCTABISIONIMX M3  MOCICIOBATEIbHOCTH

NEPUONYECKUX MPAMOYTOIbHBIX BUACOUMITYJIbCOB (PUCYHOK 7). YcCTaHaBIMBAaEM
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Ha TEHEPATOpEe PEKHUM TEHEPUPOBAHUS TMPSMOYTOJBHBIX WMITYJIHCOB M 3HAUYCHUS
BBIXOJTHOTO HampspKeHus, paBHOM 3B. Bapeupys uwacTtoTy renepatopa BOIW3H
pacueTHOU pe3oHaHCHOW uactorel f,”*”, yOexxmaemcs, 4TO TmpH 3TOH HYaCTOTE
HaIpsHDKEHUE Ha KOHType, ukcupyemoe ocruiorpadgomM, OyneT MakCUMaIbHBIM
U COOTBETCTBYIOUIMM aMILTUTyne 1-0if rapMOHUKH. B aHHOM ciydae, 3HaUeHHE
pacyeTHOW PE30HAHCHOM YacTOThl MapaiebHOrO KOHTypa f," coBmamo ¢
JEVUCTBUTEIBHBIM 3HAYEHUEM 3TOM 4YacTOThl. [lomydeHHBIE 3HAYEHWsS YacTOTHI
TapMOHUKM U €€ JEHCTBYIOLIEro 3HAY€HUs, MU3MEPEHHOTO MUJUIMBOJIBTMETPOM,
3agocuM B Tabmuiy 1. OcmwiiorpamMMbl BXOJHOTO W BBIXOJHOTO CHUTHAJIOB,

INOJIYYCHHBIC B PC3YyJIbTATC BBIJACICHUA 1-om TapMOHHWKH, IIPUBCIACHBI HA PUCYHKC

8:

Pucynok 8. OcuumiorpaMmbl BXOJHON MEPUOINYECKOM

MIOCJIEI0BATEIbHOCTH MPSMOYTOJIBHBIX BUJCOMMITYJIBCOB U €€ 1-0l TApMOHUKH.

Ha pucynke 8a MPUBEAEHBl  OCHWJUIOTPAMMBI  BXOJHOM
MOCJIEA0BATEILHOCTU MEPUOJAUYECKUX MPSIMOYTOIbHBIX BHUJACOMMIYJIBCOB H €€

NEePBOI rapMOHUKHU, TOCTPOEHHBIE C MTOMOILIbIO KOMIBIOTEpA:
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Pucynok 8a. OcuuuiorpaMmmel BXOAHOW MTOCJIEI0BATEIBHOCTH

C

MPSMOYTOJIbHBIX BUACOUMITYJIBCOB U €€ 1-0i1 rapMOHUKHU (TOCTPOEHHBIE C

IOMOII[bEO KOMITBIOTEPA)

HeoOxoauMoO OTMETHTB, 4YTO BCE OCIMULIOTPAMMBI, CHSTBIE C OJKpaHa
ociuuiorpada W TPUBEACHHBIE B TOCOOMH, TPEACTABJICHBI KadeCTBEHHO, 0€3
YUCJIEHHOW pa3MeTKu oce. DTo caemaHo s OOJIbIIeH  HarjsiTHOCTH
MPE/ICTABIICHUS PACIIOJIOKEHUSI BO BPEMEHHU JIPYT OTHOCUTEIHHO JIPyra BXOJHBIX
BUJICOMMITYJIECOB U BBIJICIICHHOW TapMOHHWKH C ITOMOIIBIO ocmiiorpada.

UucieHHbIC 3HAYCHHS aMIUTUTY, TIEPHO/ia U YaCTOTHl BXOJHOTO CHUTHAJIA U
TaPMOHUK C TOMOIIBIO OCITMJUIOTPAMM HE OMPENSSUINCh U HE TPEOOBAIUCH IS
UCITOJTH30BaHUSI.

3Has JACHCTBUTEIBHOE 3HAYCHUE PE3OHAHCHOW YACTOTHI MMapajuieTbHOTO
KOHTYpa, PacCYMTacM €ro XapaKTePUCTHUYECKOE COMPOTHBJICHUE P, TOOPOTHOCTH

Qo6 ¥ CONPOTUBIIEHHUE KOHTYPA NPH PE30HAHCE Rpe; MO hopMyam:

L ’14-10‘3
p = \/; = W =530 Om

QHO6:R£L:52_O=265

2 53072
Rpes = o= = == = 140,45 - 10% Owm.

Ry,
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Jlanee paccuMTaeM TOK B HEPa3BETBJICHHOW YacTH LENU OpH pe3oHaHce |,
(yuuTbIBaeM, 410 Rpe; YMCTO aKkTHBHOE). [lanee omnpenesnseM HAaNpsHKEHHE Ha
KOHType mpu pe3oHance U,, U paccuuTsiBaeM kodd¢uiuentsl psaga Dypoe
(1.15) mpu ckBakHOCTH 2, UCTIONB3Ys 3HaUeHHe U,,:

Ur 3

Iy = = =0,0125-1073% A

" Ry+Rpes  100-103+140,45-103

Ug, = Ip* Ry = 0,0125-1073- 100 10° = 1,25 B

Uo = lo - Rpes = 0,0125-1073 - 140,45 - 10° = 1,75 B

2:Ugonro  2-1,75 Amr 111
A 4 =—== =111B U =—=——=(0,78B
m1l T 3,14 ’ KOHTL ™ /5 ™ 1414 ’
2:Ugonro  2-1,75 Ams 037
A =—"== =0,37B U =—=——=0,26B
m3 37 3-3,14 ’ KOHT3 ™ /5 7 1414 ’
2:U 21,75 A 0,22
A = 2deomo _ 2175 _ 99 B s =2m5 =222 155

5w 53,14 OHTS ™ 2 7 1,414

Jlanee BbIeNA€M TPEThIO TAPMOHUKY. /{7151 3TOTO ycTaHAaBIMBaeM Ha BBIXOJIE
reHepaTtopa HampsbkeHue, paBHoe 3B, u wdactory, B 3 pa3a MeHbIIE
JEUCTBUTEILHON PE30HAHCHOM 4YacTOThl KOHTYypa. Bapbupysi yactoTy reHeparopa
BOKPYT pPACCUMTAHHOTO 3HAYEHUsS, JOOMBAaEMCS MAaKCHMAJIBHOTO 3HAYCHUS
HaIpsHKEHUST Ha KOHTYPE C IMOMOIIBI0 ocmmiiorpada M MpoBEpsieM MOJyYCHHE
MaKCUMAaJIbHOTO 3HAYEHUs AMIUIMTY/Abl TPEThEH TapMOHUKHU B PaA3JIOKEHUHU pPsiaa
®ypbe, C NOMONIBIO MHUIMBOJBTMETPA 3aMEpSEeM JCHCTBYIOIIEE 3HAYCHHE

HaIpsKCHUS 3-ei rapMOHHKHU. HOJIy‘leHHBIe 3HAUCHHUA 4aCTOThI M HAIIPSAKCHUSA HaA

KOHTYp€ 3aHOCUM B Ta0iuIy 1.
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Tabnuma 1. Pe3ynbrarhl BeIIeIeHNS TAPMOHUYECKUX COCTABIISIIONTUX U3

IMOCIACA0OBATCIbHOCTH ICPHOANYCCKUX IIPAMOYT'OJIbHBIX BUACOUMITYJIHLCOB

fA = 602K, Ry=100x0m, C.=50n®, L,=14mlH R =20m Uo =3B

Yactota | Homep |  LacT0Td Morpemmocts | Mopwa
Ne | reneparopa |rapmormKi, i*;}f;gi‘;‘;;“ UK(;;T-' ; i’f s | iﬁ’B OTIPENIeNeHNs | HCCIeyeMOTo
I n o An, % curnana
1. 6.02 1 6.02 078 | 1.11 | 1.11 0
2. 3.01 2 0 0 0 0 -
3. 2.0 3 6.02 0.26 | 0.37 | 0.37 0 J_Ll_l_
4. 15 4 0 0 0 0 -
5. 1.2 5 6.02 0.15 | 0.22 | 0.22 0

fo'= 6.02kl'y, R;=50k0OMm, C,=50u®, L,=14mlu, R,=20M, Uo = 3B
1. 6.02 1 6.02 1.15 | 1.409 | 1.626 154
2. 3.01 2 3.0 0 0 0 -
3. 2.0 3 6.02 0.38 | 0.47 | 0.537 14.2 J_l_l_l_
4, 15 4 0 0 0 0 0
S. 1.2 5 6.02 0.23 [0.282 | 0.325 15.2

OCHI/IJ'IJ'IOFpaMMbI BXOJHOI'O MW BBIXOJHOI'O CHUI'HAJIOB, ITOJIYYCHHBIC IIOCJIC

BbIJICJICHUS 3-€il TapMOHUKHU, TPUBEAECHBI Ha PUCYHKE 9:
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Pucynok 9. OcuusiorpaMmsl BXOJHON NEPUOINYECKON

NOCJIEOBATENBHOCTH MPSAMOYTOJIBHBIX BUACOUMITYJIBCOB U €€ 3-€i TApMOHUKH.

Ha pucynke 9a npuBeneHbl OCHMIUIOTPAMMBI BXOAHOM NEPUOIUYECKOMN
NOCJIEOBATEIBHOCTH MPSAMOYIOJIBHBIX HMIIYJIbCOB M €€ 3-eld TapMOHUKH,

IIOCTPOCHHBIC C IIOMOIIBIO KOMITBXOTEPA.

u. B

n. B .
ANVANNNAN ANVANNNANY ANFANRY AN AL
VRV ARVERVIRVERVERVIEVERVERV

Pucynok 9a. OcnunnorpaMmbl BXOJHOW MEPUOINYECKOMN
MOCJIEI0OBATEIBHOCTH MPSAMOYTOJIbHBIX BUACOUMITYIBCOB U €€ 3-€if TapMOHUKHU
(mocTpOCHHBIE C TOMOIIBI0 KOMITBIOTEPA)
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AHAJIOTUYHO MPOBOJUM BBIJCJICHUE S5-0i TAPMOHUKH, a MOJYYECHHBIE
pe3yabTaThl  3aHOocMM B Tabmuny 1. OcnuianorpaMmbl  BXOJHOM
MOCJIEI0BATEIbHOCTU MEPUOJUUYECKUX MPSIMOYTOJbHBIX UMITYJIbCOB U €€ 5-0i
FapMOHUKM MpPEACTaBIEHBI HA pucyHke 10:

Pucynoxk 10. OcuumiorpaMmbl BXOAHOHM MOCIEI0BATEILHOCTH
MEPUOINYECKHUX PSIMOYTOJBHBIX BUIEOUMITYJIBCOB U €€ 5-€i1 rapMOHUKHU
Ha pucynke 10a npuBeaeHsl OCHMIUIOTPaMMBbl BXOJHOM  NEPHOAUYECKOMN

MOCJIEIOBATEIBLHOCTH MPSAMOYTOJIbHBIX BUICOMMIYJIBLCOB U €€ 95-OM TapMOHUKH,

IMOCTPOCHHBIC C ITOMOIIIBIO KOMIIBKOTCPA!

u, B

t,c
u, B
PN A A N A A AN s AN AN AN AN AU AN ANV AN AN L
O AN A N N A A N A AN N RN A A A AW

Pucynox 10a. OcuumiorpamMmel BXOJTHOM MIEPUOANYECKOU
MOCJIE0OBATEILHOCTH TPSMOYTOJBHBIX BHJICOUMMYJIbCOB M €€ 5-OM TrapMOHUKH,
MIOCTPOCHHBIE C MOMOIIBIO KOMITBIOTEPA.
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KonuuecTBo uccienyeMbiX TapMOHHUK, KOTOpPbIE€ HYXHO BBIJICIUTH B
npolecce 3KCIEPUMEHTA, ONPEAEiIeT NpPenoJaBaTeib, BEAYIIHI 3aHATHE.
CpaBHMBasi aMIUIUTYJbl TapMOHHUK, PACCUUTAHHBIX TEOPETUUYECKH U
MOJYYEHHBIX dKCTIEPUMEHTAIBHO, YOCKIaeMCSI B TOM, UYTO MOJIY4CHHBIC JBYMS
crocobaMu pe3ysibTaThl MCCIENOBaHUS, MpeJcTaBlieHHble B Tabauue 1,
NPAKTUYECKU COBMAIM.
[Io pesynpTaTaM TPOBEACHHBIX HccieqoBaHui (Tabmuma 1)
MOCTPOEH rpaduk AUC NepUOANYECKON MOCJIeI0BATEIbHOCTH

NPAMOYTOJIbHBIX BUJIEOUMITYJILCOB (pPUCYHOK 11):

Ay B

0,2
[
0 : . L

Pucynok 11. AYC nepuoanyeckoii mociaea0BaTeIbHOCTH
NPSIMOYTOJIBHBIX BuAeouMIysibcoB npu Ry = 100 kOm u Q=2

[Ipy wuccienoBaHMM CHEKTpAa MEPUOJMYECKOM  IOCIEN0BATEIbHOCTH
NPAMOYTOJIBHBIX BUJECOUMITYJIbCOB napameTpsl apaieaIbHOT0
K0JIe0ATENbHOIO KOHTYpa OCTaBAJIUCh HEMMEHHBIMHU, & H3MEHSIIACh TOJIBKO
yacTtota reHeparopa. Ilpu sToM go0HMBanuCh COBHAJAEHUS PE30OHAHCHOMU
4acTOTBI KOHTypa C 4aCTOTOW BBIAECIISIEMOM TapMOHHUKHM. B cBsA3M € 2TuUM, 1O
utoram uccienosanuss AYC crTpoumsncs He B 3aBUCUMOCTH OT 4YacCTOTHI
BBIJICJISIEMON TApDMOHUKH, a B 3aBUCHUMOCTH OT €€ HOMepa.

[TomoOHbBIE HCcenOoBaHHWS B JaHHOM cxeme (PUCYHOK 7) ObLIH
NpOBEAEHBI NPU 3HAaUYeHUU conpoTtuBieHuss R; paBHom 50 xkOwm. [losyueHHble

Opu DTOM pe3ynbTaThl Takxke cBeneHsl B Tabnuny 1. ComocrtaBieHue
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PACUETHBIX U MMOJYYEHHBIX 3KCIEPUMEHTAIbHO aMIUIUTY/l TAPMOHUK [1OKa3aJio,
YTO B JAHHOM CJIy4ae IMOTPEIIHOCTU MPHU SKCIEPUMEHTAIBHOM ONpPEIEIICHUH
ko3bpuunenToB psaa Oypbe cocTaBisAsOT nmopsaka 15%.

CnenoBaTenbHO, TpU  MPOBEJCHUM  MOJOOHBIX  HCCIEJAOBaHMUIA,
COMPOTHUBIICHUE, BKJIKYAEMOE B HCCIEAYEMYI CXEMY MOCIEAOBATENBHO C
napajuieIbHbIM KOHTYPOM, JOJKHO ObITh COMOCTAaBUMBIM MJIM MPEBBIIIAIOIINM
3HAYE€HUE CONPOTUBJICHUS KOHTYpa PHU PE30HAHCE.

DKCIEPUMEHTAIBHO OBLIIO TaKXKe MPOBEIEHO U3BJICUECHUE
FapMOHUYECKUX COCTaBJSAIOIIUX W3 NEPHOJAUYECKOW MOCIEI0BATEIbHOCTH
DKCIIOHEHLMAJBHBIX BHUJIEOUMITYJILCOB. /[[1g 3TOro wucnosib3oBanach cxema

AIEKTPUUECKOH LIeNu, TPUBEJeHHAsl Ha pUCYHKE 12:

Dcywnnorpad

I—-. | kaHan

& || kaHan
D Upixx

RE
Ten, o1

I ¢

-

Pucynok 12. Cxema 371eKTpUYECKOM 1IETIH JIJIs1 BbIJICJICHUSI TApMOHUYECKUX
KoJIeOaHUM U3 IEPUOANUECKON MOCIEA0BATEILHOCTH AKCIIOHEHIIUATbHBIX
BUJICOUMITYJIbCOB.

B nmanHOM cxeMe TreHeparop NEPUOAUYECKOM MOCIEA0BATEIBHOCTU
IPSIMOYTOJIBHBIX BUJCOMMITYIBLCOB Mojkioyaercs k uenu R,C,. Ha Beixoge 3Toii
nenu oOpasyercss MEpHOAMYEcKas IOCIeI0BAaTEIbHOCTh 3KCIOHEHIIUATbHBIX
BHUJICOMMITYJIbCOB, MMEIOIIMX TAKOM K€ IMEpUOJ CJICAOBAHUS. OTU HMITYJIbCHI
MOCTYIMAKOT B CXEMY, COCTOSIIYK) W3 MOCIEIOBATEIbHO COCIMHEHHS AKTUBHOTO
conpotuBieHuss R; u mapamnenbHOro koj1e0aTeNbHOTO KOHTYypa C TEMH Ke
napaMeTpaMM, KOTOpPBIE HCIOJb30BAINCh NP NPOBEACHUU MPEABIAYLIErO
UCCIIeIOBaHUs. Bplienenrne rapMOHUYECKHUX COCTABISIIOIIMX U3 NEPUOIUYECKON

MMOCJICA0OBATCIbHOCTH OKCIIOHCHIHWAJIBbHBIX BHACOUMITYJILCOB IMMPOU3BOAUTCA TaKHUM
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XKC 06p330M, KaKuM IPOU3BOJHIIOCH BBIACICHUN TI'apMOHHYCCKNX COCTABJIAIOIINX

H3 HGpHOI{H‘—IGCKOﬁ MOCJICAOBATCILbHOCTH IIPSAMOYITOJIBHBIX BHJICOUMITYJIBCOB.

Pe3ynbraThl 3THX UCCIETIOBaHUMA CBEICHBI B TaOIHUITY 2.

Ta6J'II/II_Ia 2. PGSyJIBTaTBI BBIJICJICHHUA TAapMOHHUYCCKUX COCTABJIAIOIINX M3

HGpHOI[H‘—IGCKOfI MMOCJICA0OBATCIIbHOCTH S3KCITIOHCHIMAJIbHBIX BUACOUMITYJILCOB

fo' = 6.02 kI'u, Ry =100 xOm, R, =1 kOMm, C1 =50 H®, L; =14 mI'n, C; = 0.05 Mx®, Uo =

3B
Yacrorta Homep Yacrora ®opma
No = UKOHT.’ An'
reaeparopa rapMOHHUKH, BBIJICIICHHOU uccieayemMoro
n/u B 3KC., B
f, x'u n TapMOHHUKH, K[ CHUTHana
1. 6.02 1 6.02 0.33 0.466
2. 3.01 2 0 0 0
3. 2.0 3 6.02 0.13 0.184 m-
4, 15 4 0 0 0
5. 1.2 5 6.02 0.08 0.113

OCI_II/IJ'IJ'IOFpaMMBI HaIIPsAKCHUS, I10JaBaACMOI'0 Ha KOHTYP, U BBIJICJICHHOT O

UM TIpH TIoJydeHuu 1, 3 u 5-0ff rapMOHMK, MPUBEACHBI Ha pucyHkax 13, 14 wu 15

COOTBCTCTBCHHO.
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Pucynok 13. OcuumiorpaMMbl BXOJIHON NEPHOIUYECKOMN

MOCJIE0BATEILHOCTH YKCTIOHEHITUAILHBIX BUICOUMITYJILCOB U €€ 1-0if
TapMOHUKH

Pucynok 14. OcuniorpaMmsl BXOJAHOW MTOCJIEI0BATEIbHOCTH
AKCIIOHEHLUAJIbHBIX BUIEOMMITYJIBCOB U €€ 3-€il TapMOHUKHU.
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Pucynok 15. OcumiuiorpaMmmbl BXOJIHOM MOCIEA0BATEILHOCTH
HKCHOHEHIMAJIbHBIX BUJCOUMITYJIbLCOB U €€ 5-0i TapMOHHUKM.

AUYC rapMOHUYECKUX COCTABJIAIOIINX NIEPUOANYECKON
NOCJIEIOBATEIBbHOCTH  AKCIIOHEHLIMAJIBHBIX BHUICOMMITYJIBCOB, IIOJYYEHHBIX B
MPOLIECCE PKCIIEPUMEHTA, IIPUBEJCH HA pUCYHKE 16!

An B

05
0.4
0,31

%3
s

0,1

[ -
0 ' ' 5

1 2 3 4

Pucynok 16. AYC nepuoandeckor IMOCIEA0BATEILHOCTH

9KCIIOHCHIUAJIBHBIX BUICOUMITYJILCOB.
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6. AHaJIM3 pe3yJIbTATOB NPOBEJICHHBIX HCCIeI0BAHUN

B pesynbTaTe TNpPOBENEHHBIX WCCICAOBAHHMA OBUIO AKCICPUMEHTAIBHO
TIOJITBEPIKIICHO, 91O mro0as TIEPHOIHYECKAsT II0CJICI0BATEIHHOCTh
HETapMOHHMYECKUX (YHKIUH (CHTHAJIOB), YIOBJICTBOpSIONMIas yciaoBusMm Jlupuxie,
MOXXET OBITh pa3lokeHa Ha Ccymmy (B o0O0meM ciydae OECKOHEYHYIO)
TapMOHHYCCKHX COCTABJISIOIINX, HA3BIBAEMYIO CIEKTPOM 3TOH (pyHKImU. CHeKTp
NEPUOJAMYECKON  HErapMOHHYECKOW  (PYHKIMH  TPEJACTaBIICTCS B BHJC
JUCKPETHOTO CIICKTpa aMIUIATY W HadalbHBIX (a3 TrapMOHUK, Ha KOTOPHIC
pasiaraercs UCXO0IHasl HerapMoOHUYecKast (QYHKITHS.

JlaHHOE TIOJIOKEHUE OBLIO TMOJATBEPXKACHO Ha MPHUMEPE pPa3ioKCHUs
NEPUOANYSCKHUX ITOCIICIOBATSIIEHOCTEH MPSIMOYTOJIBHBIX W 3KCIOHEHITUATBHBIX
UMITYJIbCOB Ha TapMOHHUYECKHE COCTABJISIONINE, 3HAYCHUS aAMILTUTY KOTOPBIX
COOTBETCTBOBAIM 3HAYCHUSAM KO3(DPHUIIMEHTOB cimaraembpix  psjga  Dypee,
TIOJIYYCHHBIM JUIs JAHHOW (DYHKITUH TEOPETUYCCKH.

3HAaYCHUS AMIUIMTY]l TapMOHHMK, TMOJYYCHHBIC OKCICPUMECHTAIBHO U
paccuMTaHHBIC TEOPETUYCCKU JUIS HETapMOHWYCCKOW  TOCJICIOBATEIIBHOCTH
NPSIMOYTOJIBHBIX UMITYJIBCOB MPHUBEACHBI B Ta0umie 1. CpaBHUBAsK OJHU 3HAUCHUSI
aMIUTATY]T TapMOHUK C JPYTMMH 3HAYCHUS aMIUIMTY[A, BHJIAM HX TIOJHOE
COBITJICHUE B ClTydae, KOTJa 3HAYCHHE aKTHBHOTO CONPOTHBIICHUS, BKIIOUYCHHOTO
MOCJICIOBATEIbHO C IMapaJUICIbHBIM KOJICOATEIBHBIM KOHTYPOM, CPaBHHUMO WJIH
IIPEBBIIIACT COMPOTHBIICHNE KOHTYpPA IPU pEe30HAHCE.

[Monmy4yeHHbIC Pe3ybTaThl OATBEPIKIAIOT TAKXKE, YTO CYMMHUPYS CllaracMbie
CIIEKTpa TMEPHOAMYSCKOTO HETapMOHHYECKOTO CHUTHAJIa, MOYKHO TMOJYYHTh MpPH
CYMMHPOBAHHH OTIPEJCIICHHOTO YHCJIa €ro TapMOHHK CaM HErapMOHHYCCKHN

CHUT'HAJI.
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CrnenoBaTellbHO, PEAKUUIO JIMHEWHOW 3IEKTPUYECKOM ILENU Ha CIOXKHOE
NIEPUOANYECKH U3MEHSIOIIEECS HErapMOHUYECKOE BO3JAEHCTBUE MOXKHO IOJIYYMTh,
€CIM NPOCYMMMPOBATh pPEaKIMM OTOM LENUM Ha KaKIYD TapMOHHUYECKYIO
COCTaBJIAIOLIYI0, BXOJSILYIO B CIIEKTP MOJAHHOTO HAa BXOJ CJIOKHOI'O CUTHaja, B
otnenbHOCTH. [1o100HBIN OAX0/] CYIIECTBEHHO YIPOLIAET ONPEIEIIEHUE pEeaKIUU
LIEIIN Ha CJIOKHOE MEPUOANYECKOE BO3ACHCTBHE.

PesynbraThl  mpoOBenEHHBIX UCCIICJOBAHUM  TAaKXe IOATBEPKAAIOT
TEOPETHUYECKUM BBIBOJ O TOM, YTO aMIUIMTY/Jbl FAPMOHMYECKUX COCTABIIIOLIUX
CHEKTPOB HCCIIEOBAaHHBIX IOCIEI0BATEILHOCTEH YOBIBAIOT MHPONOPIHMOHATIBHO

HOMEpPY FrapMOHUKH.
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7. KoHTpoJbHBbIEe BONPOCHI I/ I0NMYCKAa K BbINOJHEHHUIO J1a00OpaTOPHOW

padoThbI

1. Yro Takoe ceKkTp MepuoANIECKOTrO curHana’?

2. Kak nmonyuuth cekTp curxaina’?

3. Paznoxxenne B psag Dypbe, BBIPAKEHUS ISl ONPENEIEHUS €ro
KO3 PUIIMEHTOB.

4. YUem oTnMyaeTcsi AUCKPETHBIN CIEKTP U HEIPEPHIBHOI'O CIIEKTpa?

5. YcioBus pe3oHaHca B apajleIbHOM KoJae0aTeIbHOM KOHTYpe?

6. Bug pe3oHaHCHBIX KPUBBIX MapaJIEIbHOTO KOJI€0aTeIbHOTO KOHTYpA.

7. 3anumuTte QopMylly BXOAHOTO CONPOTUBIIEHUS NAPAIIEIBHOIO
KOHTYpa MpH PE30HaHCE.

8. Bug AUX BXOJHOro CONPOTUBIIEHHUS NAapaJlJIeIbHOIO KOHTYpA.,

9. Kak MeHsI0TCS CHEKTpbl NEpUOJUUYECKON IOCIEN0BaTEIbHOCTH
NPSMOYTOJBHBIX UMITYJILCOB MPH U3MEHEHUU Mepuoaa Konebanus?

10. Kak MeHSI0TCS CHEKTphl MNEpUOJUYECKOW MOCIEI0BATEIBHOCTH
OPSMOYTOJBHBIX UMITYJIbCOB MPHU U3MEHEHUHU JIUTEIbHOCTH UMITyJIbca?

11. Jlaiite onpeneneHne CKBaXXHOCTU UMITYJbCOB.

12. Kak onpenenuTs aMIUIUTYJHOE U ACHCTBYIOILEE 3HAUEHUE BEIIMUNHBI
CHUTHAaJa ¢ TOMOIIbIO ociuyuiorpada?

13. Kak omnpenenuts 4acToTy KOJeOaHUs NEPUOAUYECKOIO CHUTHANA C
noMouIpl0 ocuuiorpaga?

14. Yto Takoe rapMOHUKA?

15. Yewm otnnyaercs BbICIIasi FApMOHUKA OT MEepBOM?
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8. KoHTpoJibHBIE BOPOCHI [1JIM1 3A1IUTHI JIA0OPATOPHOH PadOTHI

1. HapucyiiTe cnekTp mociaeaoBaTeIbHOCTH NPSIMOYTOJBHBIX MMITYJIBCOB C
aMrutyaou U, IUTEnbHOCTBIO t,;, ¥ NEPUOJOM CIICIOBAHMS UMITYJILCOB T .

2. N300pa3ute CHeKTp MOCIEeNI0BATENIbHOCTH MPSIMOYTOJbHBIX HMITYJIBCOB
IIPY YMEHBILIEHNUH JUIMTEIBHOCTH UMITyJIbca ;. CpaBHUTE C EPBBIM CIIyYaEM.

3. Ilokaxxute H3MEHEHHE CIEKTpa IOCIEA0BATEIbHOCTH MPSIMOYTOJIbHBIX
UMITYJIbCOB TPH YBEIWYEHUM NEPHOJA CIENOBaHHUS UMIYJIbCcoB 1. CpaBHUTE C
IIEPBBIM CIIy4aeM.

4. Kak MeHSieTCsl CIEKTP MOCIEAOBATENIbHOCTU MPSIMOYTOJIBHBIX UMITYJIbCOB
npu T , ctpeMsiuMcs K OECKOHEUYHOCTH?

5. Kak meHsieTcst criekTp nocieoBaTelIbHOCTH MPSIMOYTOJIbHBIX HMITYJIBCOB
IIPU 3HAYCHUU t,, CTpeMsIIEeMCs K HyI0?

6. [lokaxxute HM3MEHEHHE CIIEKTpa IOCIEA0BATEIbHOCTH MPSIMOYTOJIBbHBIX
VIMITYJIBCOB IIPY YBEJIMYEHUH aMILIATYAbI UMITYJIbCOB U.

7. Kakue curHanabl UMEIOT TUCKPETHBIN, & KAaKHE HENPEPBIBHBIN CIIEKTPHI?

8. M300pa3ute CHeKTp MOCIEI0BATENIBHOCTH MNPSMOYTOJbHBIX HMITYJIbCOB
pu Q =2.

9. UzoOpasute TOT )€ crekTp npu Q = 4.

10. Kak onpenennts HOMEp rapMOHUKHU MO OCLHHJIIIOTpaMMaM BXOJHOTO
Y BBIXOJHOT'O CUTHAJIOB?

11.  Kak menstorcs ammiauTyasl rapMoHUK B AYC mociienoBaTteabHOCTH
IPSIMOYTOJIBHBIX UMITYJIbCOB?

12. M3o00pa3ute AYC 01MHOYHOTO NPSIMOYTOJIBHOTO UMITYJIbCa?

13.  UzoOpasutre ®YC 0MHOYHOTO MPSMOYTOJIBHOTO UMITYJIbCa?
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14. Kak wmenserca AUC OIMHOYHOrO MPSIMOYTOJIBHOIO HMITYJbCa MpPHU
CTPEMJICHUU JUIMTEIBHOCTH t,, K HYJIO?
15.  Kak mensercs AUC 0auHOYHOro MPSIMOYTOJIBHOIO UMITYJbCA IMPHU

CTPEMIICHUMN JJIINTCIIBHOCTH UMITYJIbCa tI,I, K OCCKOHEYHOCTH ?
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JlabopaTopHad paboTa Ne 7

NCCIIEAOBAHUE PACIIPEAEJIEHUA HAIIPSOKEHNA
BJI0JIb JIJTMHHOW JIMHWUM C MAJIBIMHU TTOTEPSIMU

HEJb PABOTBI

OcHoBHas 11e/1b JIaOOpaTOpPHOW pabOThl — YIIyOJICHHE, CUCTEMAaTH3alus |
3aKpeIUICHHe TeOPETHUSCKUX 3HaHWH 1o aucruiummae TOLI, a takke nmpuoOpereHne

IMPAKTUYICCKUX HABBIKOB UCCJICIOBAHUA ueneﬁ C pacipCacJICHHbBIMU IMIapaMCTpaMH.
B MCTOANYCCKHUX YKA3aHHAX PACCMOTPCHBI CIICAYIOIHUC BOIIPOCHI:

v’ 0COOEHHOCTH pacyerTa Ieneil ¢ pacipeIeleHHBIMI TapaMeTPaMH;

v/ pacuera Lenedl ¢ pacupeieleHHBIMU TapaMeTpaMu MPU MaJIbIX TOTEPAX B
HUX;

v’ pacrpejeneHus HapsHKEHUsS B JUIMHHBIX JIMHUSAX C MaJbIMU [TOTEPSAMH TIPH

Pa3JIMYHBIX peKUMaxX pabOTHI.



1. HccienoBanue nenei ¢ pacnpeaejeHHbIMUA IapaMeTpPaMu

JIuHun CBA3M, JIMHA KOTOPBIX COM3MEPHMA C JUIMHOW 3JIEKTPOMAarHUTHOU
BOJIHBI,  PACHPOCTPAHSIOIIMXCS  BAOJIb  HUX, HAa3bIBAIOTCA  LEISAMH €
pacIpenesIeHHbBIMU ITapaMeTpaMy WM JUIMHHBIMU JMHUAMU. B cxeme 3aMmelneHus
TaKOM JIMHUM KQKIBIA DJIIEMEHTApHBIM y4YacTOK JIMHUM HMEET AaKTHUBHOE
conporusnenue R, mHaykruBHocTh L, eMkocts C M NPOBOAMMOCTH H3OJIALIAUA
npoBoJOB JMHUM G. DTH mapaMmeTpbl, OTHECEHHbIE K E€AUHUIE JJIMHBI JINHUH,
HA3bIBAIOTCS MEPBUYHBIMU (IIOTOHHBIMH) MapaMeTpaMH JIMHUK U 0003HauYaroTCs
CIEAYIOIIUM 00pa3oM:

- Ry - akTBHOE conpoTuBieHue 1 kM TUHUH, u3Mepsercs B OM/KM,

- Lo - uHAyKTUBHOCTH 1 KM MHMM, u3MepsieTcs B 'H/KM,

- Cp - emkocThb 1 kM uHUH, U3MepsieTcs ¢ O/kM,

- G - aKTHBHAs MPOBOAUMOCTD H30JIALIUU IPOBOAOB, U3MepsieTcst B CM/KM,

OCHOBHOM OCOOEHHOCTBIO JUIMHHOM JIMHUU SIBISIETCA TO, YTO TOKU H
HANpsDKEHUST B JIIOOOM TOYKE JHMHMM 3aBUCAT HE TOJBKO OT BpeMeHH t
(UKCHPYIOLIEr0O MOMEHT HAOIIOACHUS, HO U OT IPOCTPAHCTBEHHON KOOpPJAUHATHI
X, OIPEIEIISIOIEH MECTO HAOJIIOIEHUSI.

Ecnu pa30uth JIMHUIO Ha 3J€MEHTAapHbIE YYaCTKH JIMHON AX U 7Sl OJHOTO
U3 HUX COCTAaBUTh YpPAaBHEHHUS U1 M3MCHEHMS HAINPSDKEHUS M TOKAa Ha 3TOM
y4acTKE B COOTBETCTBUHM CO CXEMOM 3aMEIEHUs, TPUBEAECHHON Ha pUcyHke 1, TO

IIOJIYYHM CJICTYIOIIUEC BBIPAXKCHHU .

H i(et) Bodx TyAx i pia; Rodx Lydx K

O = = = = — E——
_ o c|u(x,t)+An CylAx .
lll{“ 11{1.,1'} anl\ anl\ — “.2 (t)

o—————— —0 o

v



Pucynok 1. Cxema 3amenieHus JJIMHHON JTUHUU
—Au = (Ro-i + LO-%)-Ax;
a( (1)
u+Au)) . Ax

—Aiz(GO-(u+Au)+CO- -

rne H - o003HAaYeHHE HAYalla JIMHUH,
K - 0003HaueHHE KOHIIA JUHUH,
X - paccTOsSIHUE OT HaJyaja JIMHUM JI0 pACCMaTPUBAaEMON TOUKH,
Y - paccTosiHue OT KOHIIa JIMHUY JI0 pacCCMaTpUBAeMOM TOUKH,
{ = x + y — 1nvHa BCE JIMHUU,
Ax - IIMHA SJIEMEHTApHOTO yJacTKa JTHHHH,
u(X, t) - HampsHKeHME MEX Ty TIPOBOJIAMH B TOYKE X B MOMEHT BPEMECHH t,
I(X, t) - TOK B TUHUM B TOYKE X B MOMEHT BPEMCHH {,
Au, Ai - npupanieHus HalpsHKEHUS U TOKA Ha y4acTKe Ax.
[Ipu cTpemneHun nOIWHBI y49acTKa Ax K HYJIIO TOYHOCTh CHUCTEMBI
ypaBHeHH# (1) moBbIIIIaeTCH.
Utak, nuHus paccMaTpuBaeTcsl Kak IEMHasi cxema ¢ 0eCKOHEYHO OOJIbITUM
YUCJIOM  DJIEMEHTAPHBIX  3BEHBEB, JJICKTPUUYECKUE IMapaMeTphl  KOTOPBIX
OECKOHEYHO MaJbl.

OTOpocHB BEIMYUHBI BTOPOTO MOPSIIKA MAJIOCTU B BBIPAKEHUH

d(u+Au)
ot

(Go-(u +Au) + Cqr ) AX,

nepeiaeM B (1) k npeneny, korna Ax — 0:

( ou . di
__=R0'l+L0'_;

) dx at (2)
_6i_G U+ C _6u_

\ ox 0 0 5¢’

0 ) i
dy at 3
oy 3)
gy ~ 0 u 0 5¢’

AN

rne: R,, L, C,, G, - nepBuuHbIC NTapaMeTPbl JJIMHHOMN JIMHUH.
BeipakeHust HanpspKeHUs U ¥ TOKa | B TOYKE, OTCTOSIICH HA PACCTOSHUU

X OT HayaJia JIMHUHU (2), U B TOUKE, OTCTOSILENH HA PACCTOSIHUM Y OT KOHLA JIMHUU



(3), 3anuchIBalOTCS B BUJE CUCTEMBI Tu(pdepeHIINalIbHbIX YPaBHEHUH B 4aCTHBIX
IPOM3BOJHBIX U HA3BIBAIOTCS TeJerpapHbIMU ypaBHEHHUsIMH. B 3THX ypaBHEHHsIX
HaIIPSDKCHUE W TOK B JIMHUM IIPEACTABJICHBl YaCTHBIMU NPOU3BOIAHBIMM, TAK KaK
OHH 3aBUCAT OT JIByX HE3aBHCHUMbBIX IEPEMEHHBIX.

TenerpadHple ypaBHEHUS pEIIAOTCA OAHO3HAYHO IPU HCIOJb30BaHUU
HAaYaJIbHBIX U TPAaHUYHBIX YCIOBUM.

HavyanpHbIMH yCIIOBUSIMHM Ha3bIBAOTCS 3HAYEHHMS TOKAa M HANpPSDKEHUS B
HayaJie Uiy B KOHILIE JIMHUY B MOMEHT BPEMEHH, IPUHATHIN 32 HYJIb.

I'paHnYHBIE YCIIOBUSL ONPENEISIOTCS CBA3SIMU MEXIY HaNpsDKEHHEM U
TOKOM B HayaJle WM B KOHLE JMHUM B 3aBHCHUMOCTH OT 3aJaHHOIO pPEKMMa
pabotsl iuHUKU. OOBIYHO MPUHUMAETCS, YTO MEPBUYHBIE MAPAMETPHI JUHUU CBS3U
PAaBHOMEPHO pACIpPEAENIECHbl BJOJAb BCEM JMHUM W Takas JIMHUS CUHUTAETCA
OIHOPOJIHOM.

Eciu na Bxon Takod nuHUM (pUCyHOK 1) mojgaTh CHHYCOUJAJIBHOE
HallpsDKEHUE € MOCTOSSHHOM — aMIUIMTYJIOM, TO  BCJIEACTBUE JIMHEWHOCTH
TenerpadHbIX YpaBHEHUH TOK U HAMNPSKEHUE B JIFOOOM TOUYKE JTMHUM OyIyT TaKKe
U3MEHATBCA BO BPEMEHU M0 CHHYCOMJAIBHOMY 33aKOHY C YacTOTOM BXOJHOIO
curHana. [Ipumensis KOMIUIEKCHYIO (QopMy 3amucu JUisi TOKA U HaIpsKeHUs,
nepexoguM K - TenerpadHbIM  YpaBHEHHMSIM B OOBIYHBIX  MPOU3BOJHBIX,
COCTaBJIEHHBIX I KOMIUIEKCHBIX AEHCTBYIOIMX 3HaueHuit Toka | = [ (x) wu
Hanpskeans U = U (x). TlomobHBI Tlepexon oOBACHAETCS TeM, dUTO
KOMILJIEKCHBIE JICHCTBYIOIIME 3HAUYCHHS HANPSIKEHHWS W TOKAa HE 3aBUCAT OT
BpeMeHU t W B cUCTEME YypaBHEHUH OCTAaeTCsl TOJbKO OJIHa HEe3aBUCUMAs

nepeMeHHas — X:

— % = (Ry + jwLo) - I;
al . @
—— = (Go +jwCo) - U;

[TpoaudpepeniuporaB cucteMy ypaBHEHHH (4) MO X, MOJy4aeM CHUCTEMY

muddepeHInaTbHBIX YpaBHEHUI BTOPOTO MOPSAIKA B BUJE:



d?u . ai . . .
TRz (Ro +]wL0)-E= — (Ro +jwLo) - (G + jwCy) - U, (5)

dzi . du . . ;
Tz (Go +]wCo)'E: — (Ry +jwLo) - (Go + jwCy) - I. (6)

Bens y B kaudectBe o0Oo3HaueHusi Kod(duiMeHTa pacnpoCTpaHEHUs
BJICKTPOMaFHHTHOP'I BOJIHBI BAOJIb JIMHHUMA:
y =V (Ro +jwLo) - (Go + jwCo) = a + jB, (7)

rae a - kodpduuueHt ocinabieHUs aMIUIMTYIbl BOJHBI, PacIpOCTPaHSIOMICHCS

BJIOJIb JIMHUH, Ha 1 kM 3TOM juHAH (M3MepsieTcs B 1b/km),

B - xoddpdumument (Das3pl, mMOKaszpIBaeT W3MEHEHHE (a3bl  BOJIHBI,
pacpoCTpaHSIONICIHCS B0 TUHUH, HAa 1 KM (M3MepsieTcs B paji/Km),
sammeM  guddepeHnranTbHOe  ypaBHEHWE,  ONKCHIBAIONIECE  M3MCHCHHE

JEUCTBYIONIETO 3HAYCHUA HaNpsbkeHUss U B TOUKE X B CJICAYIOLIEM BUJIE:

d?U :
= y2U 8)

dx?
AHaJ0ru4Ho noiyyaeMm auddepeHnnaibHoe ypaBHEHNE i TeHCTBYIOIIETO
3HAUYCHUA TOKA:

azi 2
— y

dx? L 1. 9)
Pemas omnopomnbie auddepennuanpapie ypaBHenus (8), (9), moydaem
BBIPAXEHUS IS JEUCTBYIOIIUX 3HAYCHUN

- HaIIpsKCHUA UB TOYKC, OTCTOSIIEH OT Havaja JIMHUM Ha pacCTOIHUH X

d?u .
wa YrU=0, pPoyi=0. p=zy
U =4 + Ayt (10)
- U TOKAa B DTOH JKE TOUKE
== (A7 = Aze!), (12)

rne: A; u A, - NOCTOSIHHBbIE MHTETPUPOBAHUS B KOMIUIEKCHOHN opMme,

Ro+jwL
Z, = / —2—~—2 _ BOJIHOBOE CONPOTHBJIECHHE JIMHUH. (12)
G0+](J)C0



BoyHOBBIM Ha3bIBaeTCS COIIPOTUBJICHUEC, KOTOPOC OKA3bLIBACT JIMHUA

PacIpOCTPAHSAIOLIEHCS IO HEW SIIEKTPOMArHUTHOM BOJIHE.
3anumeM BblpaxkeHus U u [, mOpeACcTaBUB B HUX KOMIUIEKCHBIE YMCJIa B

(13)

MoKazaTebHOU (hopme:
U = Alejwl e~ ax. e_jﬁx + Azejwz e . ej.Bx,
(14)

i — i(Alejll)l e_ax . e_jﬁx _Azejll)z eax . ejﬁx),

rae: A1 u A, — MOAYNIHM NOCTOSHHBIX HMHTETPUPOBAHUS (OHU ONPENENSIOTCA C

y4ETOM HaudaIbHBIX YCIOBUH),
Y1, Y, - apryMeHTbl OCTOSIHHBIX HHTETPUPOBAHUS.

OT KOMIUIEKCHBIX ACHCTBYIOIINX 3HAYEHUN BO3BPAIAEMCSI K MTHOBEHHBIM
paccTosTHUU X. OTU 3HAYEHHUS SBISIIOTCA QYHKIUSAMU JABYX NEPEMEHHBIX X U
(15)

u(x,t) = V2 Aje"%sin(wt — fx + ;) + V2 A,e*sin(wt + fx + ;)

3HAUYCHUAM TOKOB H HaHpH}KCHHﬁ B TOYKC, OTCTO}IH_ICﬁ OT HaydaJla JIMHUUW Ha
i(x,t) = Zl (V2 Aje=sin(wt + P, — Bx — @) + V2 Ae®sin(wt + P, + fx — ¢,), (16)

TJIe (0, — HaYabHas (pa3a KOMILIEKCHOTO CONTPOTUBJICHHS ZB.
W3 Beipakenuii (15) u (16) cnemyer, 4To HanpsbkeHHe U W TOK | B JIFOOOH TOYKE

X JIMHUHU MOTI'YI OBITH NpEACTaBJICHBI B BHIAC CYMMbI JBYX CHHYCOMJAJIbHBIX

COCTaBJIFOLIMX, aMIUTUTY/IbI M (ha3bl KOTOPBIX 3aBUCST OT KOOPAMHATBHI X (PUCYHKHU 2a 1
t>t)

20):

o
—_
.
LY

A,e™sin(wt + fx + 1)




Pucynku 2 au 26. Ilaparomas u otpaskeHHasi BOJIHBI B JUTMHHOM JIMHUA

[TepBoe ciaraemoe B (15) mpencraBmser coOoil cuUHycouay (PUCYHOK 2a),
aMIUTUTYJ1a KOTOPOM YMEHBIIAETCS N0 SKCIOHEHIIMAIBHOMY 3aKOHY 0 MEpE yIaJIeHUs
oT Havayma e (X — ). C TeueHWeM BPEMEHH 3Ta CHHYCOMZA IEPEMEIAeTCsl OT
Hayajla K KOHILy JIMHUM U HA3bIBACTCS MPSMOM WIM MAJArOIIEH BOJHOM. Brtopoe
cmaraemoe (15) mpencrapisieT co00l CUHYCOMTY (PUCYHOK 20), aMILIUTyIa KOTOPOH
YBEJIMUYMBACTCA 110 AKCIIOHEHIMAIIbHOMY 3aKOHY IO MEpE yIAJIEHUsl OT Hayajia JIMHUM.
PacripoctpaHsiercss oHa OT KOHIIA JIMHMM K €€ Hadaly, T.€. B HallpaBICHUU
NPOTUBOIOJIOKHOM HAIPABJIEHUIO PacIpOCTPaHEHUs MpssMoi BosHbL. Ha3biBaeTcs oHa
00paTHOM WK OTpaXkeHHOM BoyHOM. [lasaroriasi BOJIHa BOHUKAET B JIMHUM B PE3YJIbTATE
N0Ia4M Ha BXOJ] CHHYCOMJIAJIbHOTO HANpsDKEHUs], a OTPaKEHHAs! BOJIHA 00pasyeTcs NpH
OTPKECHUM TAJAIOIIEH BOJHBI OT KOHLA JWHMM. llamaromas m oTpakeHHasl BOJIHBI
NEPEMENIACTCS B NPOTUBOIOJIOKHBIX JIPYT JAPYTY HANpaBICHUAX C OJUHAKOBOU
CKOPOCTBIO, Ha3biBaeMoOl (pazoBor. Da30Basi CKOPOCTh OMPENEIIETCS KaK CKOPOCTh
NepeMeIlieHUs] TOYKM BOJHBIL, (pa3a KojeOaHusi B KOTOPOM OCTaeTCsl MOCTOSIHHOM

(HarmpuMep, aMIUTUTYIbI BOJHBI), U PACCUUTHIBACTCS TI0 (hopMyJIe:

2nf
vy =5 =5 =4 (17)

rae A - JUTMHA BOJIHBL.
JIUIMHOM BOJIHBI HAamNpsDKEHUS (TOKA) HAa3bIBACTCS PACCTOSIHUE MEXKTY JBYMSI
TOYKaMH JITMHHOM JIMHUY, B KOTOPBIX (Pa3bl pacCMaTpUBAEMOM ClIararoiiei HarpsKeHusT

(Toka) oTyaroTcst Ha 27, J[mHa BOJTHBI onipesienisieTcst o popmysie:

2T
A== (18)

Hanpspkenue wiam Toxk B J000M TOYKE JJIMHHOW JIMHUM DPaBHBI CyMMeE
NAaJAIOIIEN U OTPAKEHHOW BOJIH HANPSKEHUS WUIIU TOKA.
3anuiiem BbIPAKCHUS KOMIIJICKCHBIX ,IICI‘/’ICTBYI-OHH/IX 3HAYEHUU HaIpsHKCHUSA
1 TOKA B TOYKE C KOOpHHHaTOﬁ X.
U=U,+U,, (19)
10



rne U, = A;e " - manpskenne najaromeii BONHBI, (20)
U, = A,e " - manpskeHne oTpakeHHOH BOIHEL, (21)
I=1,—-1I, (22)
re I, = % - TOK IaJAI0IIeH BOJIHBHI, (23)
I, = % - TOK OTPa)KCHHOM BOJIHBI. (24)

Zy

OHpCI[CJII/IM ITIOCTOAHHBIC I/IHTCFpI/IPOBaHI/I}I, HCIIOJIB3YsI HaYaJIbHBIC yCJI10BUA
B Ha4aJIC JIMHHH, KOraga KOOpI[I/IHaTa X paBHa O, a Hapr[)KeHI/IC U TOK paBHBI
U0) =0, ui(0) =1

U= A+ Ae”

.1
I = Z_(Ale‘lx — Ayel)

=B

U(0)=A4,+4,=U,

. 1 .
1(0) =Z—(A1—Az) =1

=B
élel_Az
U, —LZ
A2= 1 21_13
U, + 1,Z,
A=—%

ITocne aToro 3anuiineM KOMIIJIEKCHOE ﬂeﬁCTBYIOHlee 3HAUYCHUC HAIIPSIKCHHUA
B TOYKCE, OTCTO}IIHCﬁ OT Ha4yajla JIJMHHMHU Ha PaCCTOSAHUMU X, BBIPAKCHHOC YCPE3

3HAYCHHUA BXOJHOI'O HAIIPSOKCHUSA U BXOJHOI'O TOKA.

U= Ale_zx + Azezx =0 = —U1+211ZB e v 4+ —Ul_zjlé eV* (25)

[Tocne BBOga moHATHS KO3 (UIIMEHTa OTPAKEHHS BOJIHBI 10 HANPSKEHUIO

p1 OT Hayaja JUHUM:

_Uo(0) _ Ui—hZy _ Z1-Zy
Lt U41(0) Ur+hZ,  Z1+Z'

(26)

rae
11



U .
Zi = 1—1 - CONIPOTHUBJICHUE YCTPOMCTBA, MOAKIFOUEHHOTO KO BXOy JJuHUHU, (27)
1

MMOJIYYHUM 3HAYCHHA HAIIPSAKCHUA U TOKA B TOYKC, OTCTO?[H_IGI)'I OT Ha4daJja JJMHHUHU Ha
pacCTOAHMM X, BBIPAXKCHHBIC 4YEPE3 HAIPSAKCHHEC W TOK B HA4Yajl€¢ JIMHHUA H

KO3 (PHUIMEHT OTpa’keHMs BOJIHBI OT HavYaia JTUHUU:

U = ShBerr 4 p %) (28)
i = %(e_zx — Elezx) (29)

Korz[a N3BCCTHBI HaHpﬂ)KeHI/Ie N TOK B KOHIOEC JHMHHUH, TO IIOCTOSAHHBLIC
I/IHTCFpI/IpOBaHI/IH OHpC,Z[CJ'I}II'OTC}I llepes HaYaJIbHBIC YCJIIOBHUA B KOHIIC JIMHUMU. B
3TOM Cﬂyqae paCCTOﬂHI/Ie X OT Hayajia JUHUu paBHO JTJIWHE JIMHUN 5 " IIOCTOJAHHBIC
I/IHTCFpI/IpOBaHI/I}I BBIPAKAIOTCA qepeB Hal'[p}I}KeHI/IC U TOK B KOHIIC JIMHUMU.

y y -yl l
U(l) =U, = Ase 14 +ézez (30)
. _ . _ 1 _yl ]/l
I =1, = g(éle T —Azer) (31)
~ZB

PaccuntaB nocTossHHBIE MHTETPUPOBAHUS U BBE KOA(D(UIIMEHT OTPasKEeHUs

P2 naﬂa}omeﬁ BOJIHBI HAIIPSPKCHHUA OT KOHIA JIUMHHUH:

_U() _ Uy-1pzy
r2 Uy(D Up+1Z,

Zu—Zz (32)
ZytZy '
U o
rne Zy = 1—2 - COTIPOTHUBJICHUE HAIPY3KH, MOAKIIOUCHHON K KOHILY JuHud, (33)
2

3aIlIUIICM BBIPAKCHUC HAIIPSAKCHUA U TOKA B TOYKC JIMHHUU, OTCTO)IHIGIZ OT KOHIa

Ha pacCTOsSHHH Y, 4CPE3 HAIPSXKCHUE U TOK B KOHIIC ATOM JINHUM.

. Uy +15Z, -

U =222 (el 4 pyet), (34)
: Uyt Zy -

I = %(ezy — p2e Zy). (35)

Kosddurmentom oTparkenns nagarouieil BOJHbI HAPsHKEHUST P, OT KOHIIA

JIMHUA Ha3bIBA€TCS OTHOIICHHE KOMILJICKCHOM AMIUIMTYABbI  HAIIPAKCHUSA
OTpEDKCHHOﬁ BOJIHBI B KOHIIC JIMHHUHU K KOMILIEKCHOU AMININTYAC HAIIPSAKCHHA

aJAr0IIE BOJHEI B DTOH K€ TOUKE.
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B o6mem cinyuae koaddumeHT p, SABISETCS KOMIUIEKCHOW BEITMYUHOM.

[To aOconOTHOM BEIMYMHE OH HE MOXKET ObITh OOJIbIIE €IUHUIIBI, TAK KaK B 3TOM
clly4ae aMIUIMTY/Aa OTPaKEHHON BOJIHBI ObLTa OBl OOJbIIIE aMILTUTY/IbI TAJArOIIeH
BOJIHBI.

B ciiydae xonocroro xoja, Korja BbIXOAHbIE 32KMMbl IMHUU PA30MKHYTHI,
JHEPrus Ha BbIXOAE He notpediaserca. [Ipu 3ToM MPOUCXOAUT MOJHOE OTPAKEHUE
najaronei BoJHbI OT KOHIIA JIMHUM U aMIUIMTY/a MaJalolled U OTpaxKeHHON BOJIH
HampspkeHust OyayT paBHbel Apyr Apyry. KoadduumeHnt otpaxeHus 1o

HAIPsSXKCHUIO P, CTAHOBUTCA PaBHBIM 1. HaprDKeHI/Ie B KOHIIC JIMHUU IIPHU 3TOM

yIBauBaEeTCA.

[Ipy KOPOTKOM 3aMbIKaHWW BBIXOJHBIX 32)KUMOB JIMHWUW HaIpsDKEHUE Ha
BBIXOJI€ JINHUU CTAHOBUTCS PAaBHBIM HYJIO, TaK KaK BBIXOJHBIE 3a)KUMbI JUHUU
3aKOPOYEHBI (COETMHEHBI IPOBOAHUKOM, COINPOTUBIEHUE KOTOPOTO PaBHO HYJIIO).
B osrom ciywae amiumMTyna mnajarolled BOJHBI HampshKeHUs OyneTr paBHa
aMIUTUTYAE€ OTPAXCHHOW BOJIHBI HAINpPSDOKEHWS, HO 3HAKM HANPSKEHUW y BOJH
OyAyT MpOTHUBONOJOXHBIMH. [lo3TOMy cymMMmapHOE HaIpsDKEHHE Ha BBIXOJIE
JVMHUYU OYJET paBHBIM HYIIIO.

B ciyyae coriiacoBaHHOM Harpy3ku, KOTrJa COIPOTHUBIIEHUE HArpy3KH paBHO
BOJIHOBOMY  COINPOTHUBIICHHIO  JIMHUM  (JMHUS ~ CUMTAETCAd  Harpy>KCHHOU
COIJIACOBAHHO), BCS JHEPrHs, MPUHOCHMAs B KOHEI[ JIMHUU TaJAIoIel BOJIHOM,
nepexoauT B Harpy3ky. OTpakeHHas BOJHA B JAHHOM CITy4ae OTCYTCTBYET.

CymecTBylOT JUIMHHBIE JIMHUM, B  KOTOPBIX AaKTHUBHBIE MOTEpHU
npenebpexxuMo Manbl. [Ipy 3TOM MOXHO CUuTaTh, YTO MEPBUYHBIC MapaMeTphbl

muanu Ry u Gy mpaktudecku paBHbl Hymo. KoadduueHT pacnpoctpanenus Y,

oTpenesieMbli BeipaxkeHueM (7), B JaHHOM citydae Oy/ieT paBeH:

Y = Jjwlo - jwCy = jw\/LeCo = jB,, (36)
rae a = 0 (ko3ddunmeHT paBeH HYIIO W MOCTOSHEH), a f = w+/LyCy

(korddunHeHT MpsSMO MPONOPIIHOHAIIEH YACTOTE W).
13



BonHoBoe compoTuBieHue Z, TaKOW JUIMHHOW JMHUM OyJIeT YHUCTO

2,= [lete- o, @)

B cootBercTBUU ¢ (36) 1 (37) aMIUTUTYbI MaarOIIEH U OTpaKEHHON BOJIH,

AKTUBHBIM H PABHBIM.

PacCIpOCTPAHSIONUIMXCS BIOJb AIHHHON JMHUU O€3 MOTEPh, OYIYyT IMOCTOSHHBIMH
10 BEIUYMHE 110 BCEH JumnHe auHuH (Tak Kak o = 0).
PaccMOTpuM peskuMBl pabOTHI ITHHHOMN JIMHUAU 0€3 TOTEPh MPH Pa3IMIHBIX

HarpysKax.

a) pexcum X0a0Cmozo X004 Ha 8bIX00e TUHUU.

B sTom ciyuae Z,, = oo. B cootBercTBHM C (32) KOIPHUIIMEHT OTpakeHUs
10 HANPSDKEHUIO OT KOHIA JJMHUHM P, OyaeT paBHBIM 1, a TOK B KOHIIC JTHHHUU
OyZeT paBHBIM:

I, = 0.

Boipaskenust s ACHCTBYIONUMX 3HaYeHUH Toka M Hampsbkenus (34), (35)

IPUMYT BUL:

. 3 YWie ™
U(y) = U, ——— (38)
: U, e¥’—eV
in=3—— (39)

C yuerom (36) u (37) 3TH BRIpaXKCHHS 3aIMHUITYTCS CIICIYIONIAM 00pa3oM:

ejﬁy + e_jﬁy

U() = Uy ————= Uy " ch(jBy) = U, - cos(By), (40)
1) =% 22 = B sh(py) = 5 sin(By). (4D)

BripaxkeHust A1 MTHOBEHHBIX 3HAUEHUHN HANpsHKEHUS M TOKa OyIyT MMETh
BU/JI CICAYIOLIUN BU!
u (y, t) = U, cos (By)-sin(wt+y,) (42)

i(y ) = Z— sin (By)- sin(wt+y,+7/2) (43)
14



rie  y, - HadaubHasd (asa KOMIUIEKCHOTO HampskeHHs U,, a caBur ¢a3 B
(dopmysie Toka, paBHBIA 7/2, MOSIBUIICS B CBS3U C MHOXHTEJIEM |, IOCKOJIBKY | =
eJm/2.

PacmipeneneHrie MrHOBEHHBIX 3HAUEHUN HAMpsHKEHUS W TOKa IO JTMHE

JIMHUY TIOKa3aHO Ha PUCYHKE 3a, 0:

Pucynox 3a, 6. Pacnpenenenne MrHOBEHHBIX 3HaUYE€HUN HATIPSHKCHUS M TOKA
BJIOJIb JIMHUU 0€3 MOTEPh B PEKUME XOJIOCTOr0 X01a

Kak cnengyer u3 pucynka 3a, 6, B HEKOTOPHIX TOYKAaX JIMHUM aMIUTATYA

HaIpspKeHUsl Bcerjga Oyner paBHa HyJ0. OHM HA3bIBAIOTCS y3JaMU HaIPSKEHUS.

Pacnonosxenue y310B HANPS>KEHUSI ONIPEAEIIETCS YCIOBHEM:

cosfy =0 ww Py = 2x+L)n/2 (npu xk=0,1,2...) (44)

[Moncrasnsis B (44) 3Hauenue P = 2m/A, MOMYYNM, YTO Y3JIbI HAIPSKEHUS
OyayT COOTBETCTBOBAThH 3HAUCHUSAM ), paBHBIM: A/4; 3A/4; S5M4 w T.1.

Toukn JMHWUK, B KOTOPBIX aMIUTUTYJa HAmNpsDKEHWS Bcerga OygeT
MaKCHMAJIbHOW, HA3bIBAIOTCS MYYHOCTSAMHU HampspkeHus. OHHU COOTBETCTBYIOT
YCIIOBHSIM:

cos py =1; py =«n; y=kAM2 (mpu k=0,1,2...). (45)

U3 (42), (43) cinemyer, 4To MOJIOKEHUE HYJCH W MyYHOCTCH HAMPSIKCHHUS U

TOKa HC U3MCHJCTCA BO BPCMCHH. Takou PCKUM HA3BIBACTCA PCIKHUMOM CTOAYUX
15



BOJIH. ®U3HUYECKU MOSABJICHUE TaKUX BOJIH O6YCHOBHGHO CJIOKCHUECM Haz[afomeﬁ u

OTPaXKEHHOU BOJIH, KOTOPBIC B JIMHUHU O€3 MOTEPh NIpH P, = 1 WMEIT paBHBIC

AMILTUTY/IbI.

B nyuHocTsx HampsokeHus (TOKa) Majamomas W OTPaKEHHAs BOJIHBI
COBMaJar0T 1Mo (ase m cymMMmapHOe HampsbkeHHe (TOK) yaBauBaeTcs. B ysmax
HanpspKeHUs (TOKa) Majaroiias U OTpakeHHass BOJHBI UMCIOT MPOTHUBOIMOJIOKHBIC
(a3pl 1 UX CyMMa BCerjia OKa3bIBaeTCsl paBHOU HYJIIO.

AxrtuHas momHOocTh P = Ul COS ¢, mepenaBaemasi 1Mo JMHUH B PEIKUME
CTOSYMX BOJIH, OyJIeT paBHA HYJIIO, TaK KaK TOK M HANpPsOHKCHHE B JIIOOOH TOYKE
JIMHHUM CABUHYTHI IPYT OTHOCHTEILHO JApyTa Ha yroj, paBHbii /2 (42), (43).

Ecim 3ammcate mo (42) u (43) pacnpeneneHue NEHCTBYIOIIMX 3HAYCHHN
HANpPSHKCHUS M TOKA B JIMHUU 0€3 MOTEePh B PEXKHUME XOJOCTOTO X0/1a, TO MOJIYIHM

CJICAYIOIIUE BhIPAKEHUS:

U(y) = U cos Sy. (46)
I(y) = 7 sinfy =12 sin fy, (47)
Pacripenenenue neliCTBYIOMIMX 3HAYCHUN HANPSKECHUS U TOKA NTOKA3aHbl Ha
pucyske 4:
a)
Y
- 344 A
)
)
Y %A *
A .14;,%

PucyHnok 4. Pacnipenenenne neicTBYOMNX 3HAUEHUN HAMIPSKEHUS U TOKA
BJI0JIb JIMHUU 0€3 TIOTEPh B PEKUME XOJIOCTOTO X012
DTO pacupeneseHue EUCTBYIOIIMX 3HAYECHWN HANpSHKEHUM HAIOMHHAET

pacnpeacicHue aMIUIMTyd MI'HOBCHHBIX 3HAUYCHUM ATUX XK€ HaHpH)KeHI/Iﬁ C TEM

16



JIMIIb OTJIMYUEM, YTO OTPULATCIIBHBIC ITOJTYBOJIHBI CTAHOBATCA IMOJIOKUTCIIbHBIMH.
HOHy‘-IaeTCH BBINIPAMIICHHAA KOCHUHYCOWAA JUJISI HAIPSKCHHUA W BBIIIPAMIICHHAA

CHUHYCOHJA I TOKA.

0) pescum Kopomkozo 3amblKaHUus HA 6bIX00€ TUHUU.
B »TOM ciiyyae conmpoTuBIIEHHE HArpy3KH Ha BBIXOJE JIMHUM PABHO HYIIIO.

KoaddunueHT oTpaskeHus o HaIPsHKEHUIO OYJET paBeH:

_Ue() _ Zy=Zy _ 0-Zy _ 1 (48)

Zy—Zy
27 0. z.+z, 0+zZ,
- II ZH ' ZB ~ZB

d Hal'[p}DKeHI/Ie Ha BbBIXOAC JIMHUU 6y,Z[CT pPaBHO HyJ_H'O:
UZZIZZH:IZO:O
BLIpaH(eHI/Iﬂ JJIA HaHpﬂ)KeHI/Iﬂ 1 TOKa B TOYKE, OTCTOﬂH_[eﬁ OT KOHIIA JIMHHUU Ha

pacCTOAHUH Y, IPUHAMAIOT BUI:

U(y) =22 eV — ) (49)

) =2 (e + ) (50)

C yuetom (36) u (37) 5TH BBIpaKCHHSI 3AIUIITYTCS:

ejﬁy_ e_jﬁy

U(y)=i, -Zs =1y Z8 shjpy= jl,Z, sinpy (51)
i) =, S = hych jy =T cos py (52)
MrHOBEHHBIE 3HAYEHUSA HaIpsKCHUA 1 TOKA COOTBCTCTBCHHO PAaBHbI:
u(y, t) =1,-Z, sin By sin(wt+ys+n/2) (53)
1 (y, t) =I, cos Sy sin(wt+i)s) (54)

riae Y5 - HavanbHas ¢asza Toka |.
[Ipu KOPOTKOM 3aMBIKAaHWW B JIMHUU TAaKKe HAOTIOACTCS PEKUM CTOSUUX
BOJIH. PacmpenieneHre MTHOBEHHBIX 3HAYCHHWH HAMpPsDKEHUS W TOKA U PEXKUMa

KOPOTKOT'O 3aMbIKaHUsI HAa BBIXOJI€ TMHUU MPUBEACHBI HA PUCYHKE 5a, 0.

17



Pucynok 5a, 6. Pacmpeaenenne MrHOBEHHBIX 3HAUCHHH HAIPSOKEHHS U TOKA
BJI0JIb JUTMHHOM JIMHUHU B PEXKMME KOPOTKOT'O 3aMbIKaHUs Ha BBIXOJE JTHHUU

Ecin 3ammcare mo (53), (54) pacnpeneneHune ACHCTBYIOIIUX 3HAYCHHM

HaNpsOKEHHUs M TOKA B JHHHK O€3 MOTEPh B PEKUME KOPOTKOTO 3aMBIKAHHS, TO
HOJYYHM CJICIYIOIINE BHIPAKCHHSL:

U(y) =12 -Z, sin By (55)

I(y) = 12 cos By (56)

Pacnipenenenue AeWCTBYIONINX 3HAYCHUN HAMIPSDKCHUS U TOKA MOKA3aHbl Ha

pucynke 6. OHO HAIOMUHAET paclpec/iCHHE aMILUIUTY MTHOBEHHBIX 3HAYCHHI

HaMpsHKEHUH ¥ TOKOB B PEKUME KOPOTKOT'O 3aMBIKAHHUS C TEM TOJBKO OTIHYHEM,

YTO OTPULATCIILHBIC ITOJTYBOJHBI CTAHOBATCA ITOJTOXHUTCIIbHBIMU:

aj
¥ 334 A

&)
-F-

Pucynox 6. Pacnipenenenue neiicTBYOMMUX 3HAYCHUN TOKA U HATTPSHKCHUS

BIOJb HHHHHOﬁ JIMHHUU B PCKUME KOPOTKOI'O 3aMbIKaHW HA BbIXOAC JITUHHUHN

18



B JaHHOM CJIy4dac IOJIY4aCTCs BBIIPAMIICHHAA CHMHYCOWA IJIS1 HAIIPAKCHUSA

H BBIIIPSAMIICHHAA KOCMHYCOHWAA JJIsI TOKA.

B) PEHCUM CO21ACOBAHHON HAZPY3KU HA 8bIX00€ OIUHHOU TUHUU.
CornacoBaHHasi JIMHUSI HAarpy>keHa Ha CONPOTUBIIEHUE HArpy3Kd, PaBHOE

BOJIHOBOMY COIIPOTHUBJICHUIO ATOM JIMHUU:

Zo=2,= Ry = [2 57)

B stoMm ciyuyae koaduIMeHT oTpakeHHs BOJHBI OT KOHIA JIMHUM pPaBEH

HYJIIO:

=0, (58)

Uo() _ Zy~Zy O
270,00 7 zatZ, T Zutzs
a OTpa)KCHHa}I BOJIHA B JIUHUU OTCYTCTByeT.

BrlpaykeHus 1 JeMCTBYIOIIMX 3HAYEHUN HAINPSKEHUS M TOKA 3aINLIYTCS

B BUJIC:
U(y) = 228 o1y (59)
. Uy+iy 2,
Iy) === e (60)

a ¢ yueroMm (36) u (37) momyyaem:
Uy) =U, e, (61)
iy) =1, e¥. (62)
MrHoBeHHbIC 3HAYCHHMSI HANPSHKEHUS W TOKAa B JIMHUU 3allUIIyTCA
CJIETYIOITUM 00pa3oM:
u(y,t) = Uz sin (wt+fy+ys), (63)
i (y,t) = Iz sin (wt+fy+ys), (64)
r7ie 3 - HadanpHas (aza U, .
Tok u HampspkeHHe B JAaHHOM CIIy4ae M3MEHSIIOTCS MO CHHYCOWIATLHOMY
3aKOHY W TIPENCTaBIIIOT CO0OU Oeryrue BOJHBIL. B 51f000W TOYKE JTUHWUU OHH
coBmanamT mo (aze, ¥ B ITOM PEKHUME MO JMHHUHM TEPeNaeTcs MaKCUMaslbHas

AKTHBHAaA MOIIIHOCTbD.
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Pacnpez[eneHHe MTHOBEHHBIX 3HAUCHMU HalpsAKCHUA W TOKA BIOJIb JIMHUA

IIPU COTJIACOBAHHOM HArpy3Ke IPUBEACHBI HA PUCYHKE 7:

G)

i

Pucynoxk 7. Pactipenenenne MrHOBEHHBIX 3HAYEHUN HAIIPSOHKEHUS U TOKA
BJIOJIb JUTMHHOW JIMHUM 0€3 OTEPh B PEKUME COTIIACOBAaHHON HArpy3KHU.
Ecin 3ammcare mo (63), (64) pacnpeneneHne ICHCTBYIOIIMX 3HAYCHHM

HaIpsHKEHUST ¥ TOKa B COTJIACOBAHO HArpy»XEHHOW JMHWU 0€3 MOoTeph, TO OHU
OyIyT UMETh BUJI:

Uly) = U, (65)

1(y) = I.. (66)

['paduikn ACHCTBYIONIMX 3HAYCHWM HANPSOKCHUS W TOKA IMPEACTABISIOT

co0oit mpsimble TMHUK. OHU NOKAa3aHbl HA PUCYHKE &:

U

Y %A %

19
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b a Y
o 344 P

Pucynok 8. Pactipenenenue AeHCTBYIOMMX 3HAUCHUN HAPSIKEHUS U TOKA
BJIOJIb JJIMHHOM JIMHUM 0€3 MOTEPh B PEKMUME COTIIaCOBAHHON Harpy3KH.
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T) Ppexrcum Heco2naco8anHoll HAZPY3KU HA 6bIX00€ TUHULL.

B sTom cityuae koadduiuert orpakeHus |py| < 1, aMmummTyna oTpaKeHHON
BOJIHBI OYyZeT MEHBIIE aMIUIUTYAbl MaJarolleil, 4To MPUBENET K TOMY, 4TO HE
OyzmeTr IMOJIHOW KOMITEHCAIlMK HarpsbkeHus (Toka). Pacmpenenenme cymmapHOTO
HaIpsDKEHHS MaIalonield 1 OTPaKCHHOW BOJIH BJOJIb JUTMHHOM JIMHUY TTOKa3aHO Ha

pucyHok 9:

UP?EfII

Umm

I.l T

Pucynok 9. Pactipenenenne MrHOBEHHOTO 3HAYEHHUS HANIPSKEHUS BIOJIb
JUTMHHOM JIMHUU 0€3 MOTePh B PEKUME HECOTIIACOBAHHOM HArpy3KH Ha BBIXOJIC
JIMHUH.

B nunuu HaGmrogaercss pekuM CMENIaHHBIX BOJIH. J[JI1 KOJIMYECTBEHHOM
OIICHKM CTEMEHW HE COTJACOBAaHHOCTH HArpy3KH JMHUHU CIYXKUT KOI(PHUIIHECHT

oerymieit BosHbl KbB:

KEB = Umix - 1- | p2| (67)
Uman 1+ | p2|

Nuorna paccmatpuBaetcst koahduireHT crosiueit BosiHbl KCB:

KCB = — (68)
KBEB
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2. IoaroroBka K BHINOJHEHHIO JJA00PATOPHOI PadoThI

[Ipy TOATOTOBKE K BBIMOJHEHUIO JTAOOpPaTOpHOW paboOThl CTYACHTY
HEOO0XOUMO:

- O3HAKOMHUTBHCSA C ONMHCAHHWEM IaHHOW JlabopaTOpHOW pPabOTHI, YSICHHUTH
1eJIb ATOM paboTHI,

- U3YYUTh  OCHOBHBIC TEOPETHUYECCKHE TIOJIOKCHHsI, TPUBEJICHHBIC B
OTNIMCaHUHM JIa0OPATOPHOU PabOTHI,

- OTBETUTHh HA KOHTPOJBHBIE BOIMPOCH JJisi JOIMYCKAa K BBHITTOJHCHHUIO |
3amuTe JabopaTopHOI pabOTHI, MPUBEACHHBIC B KOHIIC OMMCaHNA,

- O3HAaKOMHTHCSI CO CXEMOH IMPOBENEHUSI HMCCIEAOBaHUS, HCIOJb3YEMbIMH

npuOopaMu U MOPSAKOM BBITIOJHEHUS JIaOOpaTOPHOU pabOTHI.

3. Copaep:xkaHue oTYETA 0 Pe3yJbTATaX NMPOAeJIAHHOM J1a00pPaATOPHOIT padoThI

B ordere mo uroram BBINOJHEHUS J1a0OPaTOPHOM pabOTHI TOJKHBI OBITH
IIPUBEICHBI:

- Ha3BaHUE U LeJb J1a00opaTOpHOil paboThI,

- CTPYKTYpHas cXema »JJIEeKTPUYECKOM Ienu, MpeiHa3HAYeHHOW JUis
IOPOBEJCHUS UCCIEIOBaHMS, C YKa3aHHeM BceX €€ D3JEeMEHTOB, BKIIOuas
U3MEpUTENbHbIE TPUOOPHI M UCTOYHUK MUTAHUS,

- MaTeMaTU4YeCKUW ammapar, HCIOJb30BAHHBIA TMpPH MOJITOTOBKE K
IPOBEJCHUIO UCCIIEOBaHUS U 00pabOTKe MOTyUYEHHBIX pPe3yIbTaToB,

- pe3ysbTaThl U3MEPEHUil, OTyYSHHBIE B IIPOLIECCE HIKCIIEPUMEHTA, a TAaKKe
UTOTOBBIC PE3yJbTaThl 00OPaOOTKH 3TUX PE3yIbTATOB, O(POPMIICHHBIE YUCICHHO U
rpaduyeckue,

- BBIBOAbI O PE3YyJIbTaTaX IPOBCACHHBIX I/ICCJ'Ie,Z[OBaHI/II\/'I.
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4. 3KCHepl/IMeHTaJILHOC HCCJIICA0BAHUEC PACIPEACICHUA HAIIPSKCHUA BA0JIb

I’ICKyCCTBeHHOﬁ AJIMHHOM JIMHUH ¢ MAJIbIMH NOTEPAMH

B naGopaTopHbIX yCIOBUSAX ISl MCCIEIOBAHUS LIETIM C paclpeaesieHHbIMU
napameTpamu UCIOJIb3YETCS HCKYCCTBEHHAs JUTMHHAs JVHUS C
COCPEIOTOYEHHBIMU TMapaMeTpaMu. JTa JUMHUA cocTouT u3 16  KackaaHo
BKJIFOUEHHBIX 3BEHBEB C COCPEOTOUCHHBIMU NapaMeTpamu. Boobie, yem 6osbiie
YUCJIO 3BE€HbEB B HCKYCCTBEHHOW JIMHUM, TE€M OOJbIIE€ TMOXO0XH HPOIECCHI,
IPOUCXOSIINE B HE, U B peabHOM JTMHUM C paclpee/ieHHbIMU TapaMeTpamMH.

B nannoit naGoparopHoil paboTe HCCleAyeTcss NMpU Pa3iNyuHbIX peXUMax
Harpy3kM HMCKYCCTBEHHas JUIMHHas JuHUs (pucyHoK 10) ¢ MalbIMH MOTEpsMH,
3BEHbsI KOTOPOM COCTOST W3 UWHAYKTUBHOCTH Lo U emkocTu Co,
MPEACTABIISIONINX COOOW MEPBUYHBIE MAPAMETPhI TUHUU:

0 1 2

e e e e e = e ——

-

)

(?)

S
=
e
I
[1=
]
[|=
I

ITckyoeTReHHAA UIHHHAA — JIEIA

Pucynok 10. Cxema 3amerieHus JJIMHHOMN JINHUH
Mo 3aaHHBIM TIEPBUYHBIM Mapamerpam JjuHuM Lo u Cy paccuuThiBaeTcs
gyactora redeparopa f,’, NpH KOTOPOH B 3TOH JIMHMM IOJDKHA YKIIAJBIBATHCS

1eas JUIMHA BOJIHBI T€HEpaTopa A, HOJKIIOYEHHOTO K HEH:

pac _— 1
fr B n vLoCo (69)

A = fr pac (70)

8
rie ¢ =23 10" m/c — ckOpoCTh CBeTa.
JlaHHAs1 KICKYCCTBCHHAS JIMHUS, COCTOSIIAs U3 16 3BEHHEB C IEPBUYHBIMU

napametpamu Lo u Cy, OyaeT sKBUBaJICHTHA JBYXMPOBOTHON JTMHUU C TAKUMU
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K€ IEPBUYHBIMHU [TapaMeTpaMu, a €€ SKBUBAJIEHTHAs JUIMHA TuHUU {, OyJeTr paBHa
JUTMHE BOJIHBI reHeparopa: £, = A
V peanbHoi uHAU rpu yactote [P Bpems 3amepkku  t, Oymer Takum

e, KaKk M y MCKYCCTBEHHOM nuHuu. Ecmm 310 Bpemss t,  paBHO mnepuony

1
Kosnebanuss T = 77ac TO PAacCTOAHNE, NPOXOMMOE CHTHAIOM 33 5TO BpEMs B
r

00eux JUHUAX OyJeT PaBHO JJIMHE BOJHBI A;.

Jlanee pacCUMTBHIBAIOTCS BTOPUYHBIE IAPAMETPBI IMHUA Z; U V.

ZBz\/z:z:RB; Y =B = jwyLoCo
U cobupaercs cxema sjekTpuueckod 1enu (pucynok 10), B kortopoit Oymer
IPOBOANTHCA HcchenoBanne. OHO OymeT MPOBOIUTHCS IS 3 PEKUMOB HArpy3Kd
JVHHUH: XOJIOCTOTO X0/1a, KOPOTKOTO 3aMbIKaHUS M COTJIACOBAHHOMN HArpy3KH.

[lepen HauanoOM TPOBEACHUS HCCICHAOBAHUS PEHCUMA XO0JIOCHO20 X00d
cienyer yOeAWThCs, UTO TEOPETHYECKH pacCuWTaHHas dvactora f,'°
COOTBETCTBYET 4YaCTOTE, IPHU KOTOPOM B JAHHOW HCKYCCTBEHHOW JIMHUH
YKJIaJIbIBACTCS TIeNiasi IMHA BOJHBI KOJIeOaHUs, BRIPA0aThIBAEMOTO T€HEPATOPOM.
HecoBnanenue paccuntanaoro f,™° u 1eHCTBHTEILHOIO 3HAYEHUI TOM 4aCTOTHI
f' BO3MOXHO W3-3a HECOBMAJCHUS HOMHHAIIOB 3JIEMCHTOB HCCIICIyEeMOM IIETH,
yKa3aHHBIX HAa MAPKUPOBKAX C JEHCTBUTEIBHBIMU 3HAUCHUAMH. CBSI3aHHO ATO C
TEM, YTO BCE 3JIEMEHTHI 3JEKTPUUECKOHN LIeTH U3rOTaBIMBAIOTCS C OMPEEICHHBIM
KJIACCOM TOYHOCTH, a C TE€YCHHEM BPEMEHH IMPOUCXOIUT CTapEeHHE JJIEMEHTOB,
U3MEHSIOTCS YCIIOBUS UX SKCIUTyaTalliy U CYIIECTBYIOT APYTrUe MPUUUHBIL.

JI71st onpeiesieHnst SUCTBUTEIBHOTO 3HAYEHUSI YacTOThI [, HEOOXOIMMO B
coOpanHoii cxeme (pucyHOK 10) yCTaHOBUTH pPEXHUM XOJIOCTOTO XOJa, T.C.
pPa30OMKHYTh BBIXOJHBIE 3aKUMBI JIMHUWA. 3aTe€M MOTCHLUUATbHBIA  3aKHM
MUJUTUBOJIBTMETpPA V, HWCKYCCTBEHHOW JIMHMHM BKJIIOYHMTH B Kiemmy 4. Tak kak
UCKYCCTBCHHAsI JHHHUS uMeeT 16 kimemm, To kiemMma 4 OyaeT COOTBETCTBOBATH

JUTHHE A/4, €CITi B TMHUM YJIOXKUTCA 1IeJiast JJIMHA A.
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P¥ maxomum uacrory f , mpu

N3meHsis yacToTy reHeparopa Okoyio f
KOTOpOW HampsbKeHue B Touke A/4 OyneT MUHMMalbHbIM. HampspkeHue B 3THX
TOYKax OyleT MUHUMAJIbHBIM, HO HE PaBHBIM HYJIO. JTO CBS3aHO C TEM, YTO
MCKYCCTBEHHAs JIMHUS HE SIBIIACTCS UAcalbHOU. Ee 3eMeHThl: HHIYKTUBHOCTD U
€MKOCTb UMEIOT ONpe/ICJICHHbIE AKTUBHBIE COMPOTUBIICHUS U B HUX OYIyT MOTEpHU
SHEPrUHU.

[Tocne monydyeHWss MUHUMAIBHOTO 3HAUYECHUS HANpsDKEHUsT B KiemMme 4
3HAaYCHHE HAWICHHON OeHCTBUTEIBHON YacTOTHl f,” 3aHOCAT B Tabaummy 1 u
U3MEPSIIOT MUJUIMBOJBTMETPOM V), HAMpPSIKEHHS] BO BCEX TOYKAX MCKYCCTBEHHOM
muHuu. [lomydeHHbIE pe3yNbTaThl 3aMUCHIBAIOTCS B COOTBETCTBYIONIUHN CTOJOEI
tabaunl 1. B mepBom cTosbiie 3Toi TabauIbl YKa3aHbl HOMEpPa BCEX KJIEMM, TJIe
MPOBOASTCS 3aMEPhl HAIIPSIKEHUS.

[Ipu ucclieoBaHUU pexcuma KOpOmKO20 3aMbIKAHUA HA BBIXOJIE JIMHUU
HEOOXOIUMO:

- coOpaTh cxeMmy Lielu, MPUBEIECHHYIO Ha pucyHke 11,

- CHU3UTh HapsHKEHUE Ha reHepaTope J0 MUHUMYMa,

- 3aKOPOTUTD BBIXOAHBIEC 32KUMBbI JTUHUH,

- IOBBICUTH BBIXOJIHOE HAIpPsKEHUE FeHepaTopa 10 3HaYEHUs, PU KOTOPOM
HalpspKeHWE B KJeMMe 4, CTaHeT paBHBIM 3HAYEHUIO, KOTOPOE IOAaBajioCh C
reHepaTopa MpU HCCIEIOBaHUU pexuma xojoctoro xoxa (3B). B pexume
KOPOTKOTO 3aMbIKaHUs B KiemMMe 4 OyleT My4HOCTh HANPSHKEHUS U HAMIPSKEHUE B
HEeH JOHKHO OBITh MAKCUMAITbHBIM:

0 1 2 3

e e e e e — o e m—— —

I,

@i T ow o

I

Pucynok 11. Cxema ucciaenoBanus HCKyCCTBEHHOM JIMHUU IPU KOPOTKOM

3aMbIKaHMH Ha BBIXOJIC JIMHHUU.
25



3nauenue 3B ycTanaBnuBaeTcs i TOTO, YTOOBI Pe3yJabTaThl, OTyUYEHHBIC
OpU HCCIEAOBAHUU BCEX pEXHUMOB, Obuld Obl comocTaBUMBIMH. J[lanee
NPOM3BOJATCS 3aMepbl HANpsOKEHUsT BO BCEX OCTAJNBHBIX TOYKAX JIMHUM.
[losydeHHbIe pe3ynbTaThl 3aHOCATCS B COOTBETCTBYIOIIUNA CTOIOCI TaOIUIIbI 1.

B pescume cocnacosannoit nazpy3ku usmepeHus MpoBOIATCS TaKKe KakK U
Opyd pPEXKUME XOJOCTOTO XOJa, TOJbKO Ha BBIXOJE JHMHUHM IOAKIIOYAeTCS

CONPOTHUBIIEHUE HATPY3KH, PABHOE BOJHOBOMY CONPOTHUBIIEHUIO JIMHUM (PHUCYHOK

12):

1
I

2
||r}?

f';;‘\

\J/
=1

(=

\Z/

Pucynok 12. Cxema uccnegoBaHusi ICKYCCTBEHHOM JIMHUU TIPU
COIVIAaCOBAHHOM Harpyske.
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5. Ilopsinok BBINOJIHEHHS JJA00pPaTOPHOH padoThI

JlabopaTopHass paboTa BBITIOJHSETCS CTYIASCHTOM B COCTaBe OpuUTajpbl,
cocrodame u3 2-3 denoBek. llepen HavyajioMm TpOBENCHUSA 3aHATHS BEIYLIUN
npenojaBarellb MyTeM TECTUPOBAHUS OMPENIEIIeT TOTOBHOCTh KaXKJOIO CTYJIEHTa
Ipynibl K BBIIOJHEHHIO JabopaTopHoil paboThl. [locie mpoBepku rOTOBHOCTU
BCEX CTYJIEHTOB Opuraga Jaomyckaercs Ha paboyee MeCTO M MPUCTYHAaeT K
BBITIOJIHCHUIO JTA0OPATOPHOU PabOTHI.

PaccMmoTpuM nopsiiok BHIOTHEHUS 1a00paTOPHOM pabOThI MPHU CIIEAYIOIUX
MCXOJHBIX JAHHBIX:

Lo=390mkIl'H, Cy=4700nd, n=16,U; =3B
1. [To 3amaHHBIM MCXOAHBIM JAHHBIM PACCUUTAEM YACTOTY T'€HEpaTopa,

Inpu KOTOpOﬁ B JIMHUH YKJIaAbIBACTCA OJJHA JJIMHA BOJIHBI BXOJHOTO HAIIPSAKCHUS.

pac _— 1 — 1 _ . 5
fr ny/LoCo 16:V390:1076-4700:10712 46’17 10 I'n,

rae Ly u Cy — mepBUYHBIE TapaMETPhI JIUHUU
N — YKCJIO0 3BEHBEB B UCKYCCTBEHHOW JINHUH,

d TaAK)KC BTOPHUYHLBIC ITapaMCTPhI HCKYCCTBGHHOﬁ JIMHUHA C MAaJIbIMU IOTCPSAMMU:

A =\/L_—°= /ﬂ=2880M
Co 4700-10712

Y = jB = jwLoCo = jw 390 - 10~ - 4700 - 10-12 = j1,35- 10 6w xm™*

2. Ha crenne mabopatopHoii yueOHo# ycraHoBku TOI coOupaem cxemy
IENy JUTsl UCCIICIOBAHUS PACIPEICIICHUsT HAMPSOIKEHUS BIIOJb JIMHUHA B pPedcume

xoa0cmozo xonna (nucvaox 13):

0 1 2 3 4

RS - SR SN -

=/
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[1=
]
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I
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I

©r

IckyocTReHHAA UHHHAA A

Pucynok 13. CxeMa uccieqoBanus JIMHHON JIMHUU MPHU XOJIOCTOM XOJI€ HA

BBIXOJC JINHHUH
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3. TloaroroBum cxemy IeH JJIs HCCIIEAO0BAHUS PEKUMA XOJI0CTOTO X0a
Ha BBIXOAE JHMHUU. {1 3TOro pa3OoMKHEM BBIXOJHOW KOHel JuHHuM. J[lanee
HOTEHIMATbHBI KOHEI BOJABTMETPa Vi BKJIIOYMM Ha BXOJ JHHU (Kiemma 0) u
YCTAaHOBUM Ha BXOJIE JHHHU C IOMOIIBIO Te€HEpaTropa HampspkeHue, paBHoe 3B.
3aTeM MOTEHIMAJIbHBIA KOHEIl BOJBTMETPa V, BKIIOYHM B KieMMy 4 W,
pEryIHMPYs YacTOTy T€HEpATOPa OKOJIO PACCYMTAHHOM yacToThl [, mobuBaemcs
MHHHAMAIILHOTO TIOKa3aHus BoiabTMeTpa V). Ilpu sToM Ha renepatope Oymer
yKa3aHO JIEHCTBUTEILHOE 3HAUEHHE YaCTOTHI [, ", @ B JIMHUH YJIO0KUTCS OJHA JTHHA
BOJIHBI BXOJIHOT'O HAIIPsDKEHHUs. BKIIrOYas MOTEHIMAaIbHBIN KOHEL[ BOJbTMETpa V) B
COOTBETCTBYIOIIME KJIEMMBI MakeTa JJIHHHOW JMHHUH, M3MEPHM HAaIlpsKEHHE BO
Bcex 16 Toukax juHuH. IloydeHHBIC 3HAUEHHS YaCTOTHl f,' M HalpsOKEHHH BO

BCEX TOYKaX JUHHUH 3aHOCUM B COOTBETCTBYIOLIUI CTOI0EI TaOIUIBI 1:

Tabnuna 1 - Pe3ynbraThl uccaeq0BaHUs paclpeIe/ICHUS] HAPSOKEHUS BAOJb

UCKYCCTBEHHOM JIMHUU TIPU Pa3IMUHBIX PeKUMaX €€ paboThl

Hanpsixenue, n13MepeHHOE B pa3IUYHbIX pEKUMax pabOThI
Homepa knemm JINHUHA
HCKYCCTBEHHOU peKUM pexum
. PEXHUM KOPOTKOI'O
JIMHUUA XO0JIOCTOTO X0J1a, | COTIJIaCOBAaHHOM
B HarpysKu, B 3aMbIKaHus, B
0 3 3 14
1 2.95 2.8 0.8
2 2.45 2.6 1.6
3 1.45 2.5 2.5
4 0.57 2.6 3.0
5} 1.2 2.75 3.1
6 2.1 2.8 2.7
7 2.8 2.75 1.8
8 3.0 2.6 0.65
9 2.7 24 0.9
10 1.95 2.25 2.0
11 0.85 2.3 2.7
12 0.42 24 3.0
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13 1,5 2,5 2.9

14 2.4 2.55 2.3
15 2.9 2.45 0.8
16 2.95 2.2 0

[Io momy4eHHBIM IEUCTBYIOLIUM 3HAYCHUSAM HAIPSHKEHHUS BO BCEX TOYKAX
JUHUM TIOCTPOUM Tpaduk pacnpeiesieHus 3HAUCHUN STUX HANpPsDKEHUH BIOJb

JIMHUU B PEKHUME XOJIOCTOTO X0/1a (PUCYHOK 14):

U.B PEAHM XX

i a é r;f IIE ;3 1IIII 1I2 1I4 1IE
H K
Pucynok 14. Pacnipenenenue qeHCTBYIONMX 3HAYCHUN HANPSKEHUS! BAOJb
VCKYCCTBEHHOU JIJIMHHOM JIMHUU B PEKHUME XOJIOCTOrO XO/a.

4, OnpenenuM  pacnpenesieHHe HaNpsHKEHUs  BHOOJIb  JIMHUKA — TIPU
CO2N1ACO6AHHOU HAZPY3KeE.

JUIst 3TOro Ha BBIXOJ JUHUM MNOJKIIOYMM NEPEMEHHBIM pe3uctop R, u
YCTAaHOBMM Ha HEM COINPOTUBIICHUE PABHOE BOJHOBOMY COIIPOTUBIICHUIO JIMHWM.
Hampspkenue Ha BXoJie JIMHUU M 4acTOTa reHeparopa He MeHsaoTcs. Heo0xoaumo
3aMEPUTh HAIIPSHKEHUE BO BCEX TOYKAX JIMHMM C TOMOLIBIO BOJBTMETpa Vi, a

INOJIYYCHHBIC 3HAUCHMUA HaHp}I}KeHHﬁ 3aHCCTH B COOTBCTCTBYIOIHI/Iﬁ CTOH6CH

Tadmunel 1.
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I'paduk pacnpeneneHus IEHCTBYIOIIMX 3HAUYEHUNW HANPSDKEHUS BIOJb

JIMHUY TIPU COTIACOBAaHHOM HAarpy3Ke JIMHUH MIPUBEJIEH HA PUCYHKE 15:

Uu.B .
PEAIM COITACOBAHHOH HaIPy3KH

2,5

15 1

0,5 4

0 T T T T T T T T
a 2 4 f g8 10 12 14 16
H K
PucyHnok 15. Pacnipenenenne nelcTBYOIUX 3HAYEHUIN HAIIPSYKEHUS BIOJIb

HMCKYCCTBEHHOW JUIMHHOM JIMHUU B PEKUME COTIAaCOBAHHOM HArpy3KHU.

OcruutorpaMMbl BXOJTHOTO HANPsDKCHHUS M HAIPSDKEHUS B TOYKAX JIMHHH,
OTCTOSIIIMX OT Hauaja JWHUM Ha paccrosHud M4, A2, 304 u A mnpu
COTJIACOBAaHHOW HArpys3Ke, CHSTBIE C MOMOIIBI0 JABYXJIYYE€BOTO ocuuiuiorpada,

MpUBEICHBI HAa pucyHKax 16, 17, 18, 19:
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Pucynok 16. Pacnpenenenrne MrHOBEHHBIX 3HAUCHUH HAMIPSKCHHSI B HaYaIe

JJMHUU U B TOYKE, COOTBCTCTBYIOHleﬁ pPaCCTOAHUIO OT HavYaJia JUHUH, paBHOMY
M4

Pucynok 17. PacnpeneneHre MrHOBEHHBIX 3HAUEHU HANIPSPKEHUS B HAYaje

JIMHHUH U B TOYKC, COOTBCTCTBYIOHIGI‘/’I pPaCCTOAHUIO OT HavYadJia JIWHUH, PABHOMY
M2
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Pucynok 18. PacnpeneneHre MrHOBEHHBIX 3HAUEHU HANIPSKEHUS B HAYase

JJMHUU U B TOYKE, COOTBGTCTBYIOH_Ieﬁ pPacCCTOAHUIO OT HavdaJia JUHUH, paBHOMY
3M/4.

Pucynok 19. PacnpeneneHre MrHOBEHHBIX 3HAUEHU HANIPSKEHUS B HAYase
JIMHUU U B TOYKE, COOTBETCTBYIOIICH PaCCTOSHUIO OT HavYaJla JMHUHU, PABHOMY A.
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Ha xaxoM pucyHKe IpUBEAEHBI IO ABE OCHWIIOTpaMMbl. Ha BepxHen u3
HUX BCErja IMpEACTABICHA OCLMJIOrpaMMa HANpsyKeHHs Ha BXxojae JuHuM. Ha
HIDKHEH OCLWJUIOTpaMMeE IOKa3aHbl HANPSKEHHUsI B TOYKAaX JIMHWM, CMELIEHHBIX
BIIepel Ha paccTosinue A/4. V3 nmpuBeAeHHBIX OCHMIUIOIpaMM, BHJIHO, Kak (haza
BXOJHOI'O HAIPSDKEHUS IPHU IEPEMELICHUM €ro OT Hadajla K KOHLY JIMHHUHU
YBEJIMYUBACTCS Ha /2 B KaXJ0W MOCHeayronield ToOuKe JUHUU. B KOHIE JUHMH,
Korma x=A, (asa kosebaHHs yBeIMYHMBAETCs Ha 2m W coBHaaaer ¢ (paszoi
KoieOaHusl B Hayaje JMHUM, T.€. 3aBEPIIACTCS IIOJHBIA IEpPHOJ] W3MEHEHHUS
HaIpPSHKEHUS B JTMHUM.

Tax kak conpoTUBJIEHHE JIMHUU B JAHHOM pEXHUME OYyIEeT YHCTO aKTUBHBIM,
TO (ha3bl HANPSHKEHUS U TOKA B KXJIOW TOYKE TMHUU OyAyT COBMAAaTh @y = @ j ,

", CJICOOBATCIIbHO, IICpcaaBacMasd 110 JIMHHUW aKTHBHAasAd MOIIHOCTb 6YI[6T

MaKCHUMAaJILHOMH.
P = Ul cos ¢,
CcosS @ = €0S (py-@j)=cos0=1, (64)
P =UI
5. Onpenenum  pacnpeesieHue HampsHKEHUsT  BIOJIb  JIMHUMA  TIPH

KOPOMKOM 3AMbIKAHUU BHIXOJTHBIX 325KUMOB JIMHUU.

J1J1s 3TOr0 HEOOXOAMMO YMEHBIIUTH HAPSDKEHUE HA BBIXOJIE€ TEHEpaTopa J0
HYJIS M 3aKOPOTUTb BBIXOJHBIE 3aXUMbl JHHUM. [loTeHIMANBHBIA KOHEIl
BOJIbTMETPA V), BKIIOUUTH B KIEMMY 4 W, PEryaupys HanmpsKEHUE Ha BBIXOJIC
reHeparopa, YCTaHOBUTh B TOuke 4 HampspkeHue, paBHoe 3B. [lanee, He MeHsd
4acTOTy IeHepaTopa U YCTAHOBJIEHHOE HAIPSKEHUE, 3aMEPUTh HAIMpPSKEHUS BO
BCeX Toukax JIMHUU. [lonmydyeHHble TaHHBIE 3aHECTH B COOTBETCTBYIOIIUN CTOJIOEI]
tabmuubl 1. ['paduk pacnpeneneHus HanpspKeHUs! BIOJIb JIMHUM TPU KOPOTKOM

3aMBbIKaAHWH BBIXOJHBIX 3aKMMOB JIMHHUHA IIPUBCACH HAa PUCYHKC 20:
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U.B PERHM E.3.

Pucynox 20. Pacnipeaenenue qeiCTBYIONMX 3HAUYECHUN HANPSKEHUS! BAOJb

HCKYCCTBCHHOﬁ JIMHUH B PCKUMC KOPOTKOI'O 3aMbIKaHHA HAa BBIXOAC JIMHHUM.
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6. AHaJIM3 pe3yJIbTATOB NPOBEICHHBIX HCCIeI0BAHUN

B pesyapTare mnpoBEeACHHBIX HCCIAEAOBAHUM OBLIO HSKCIEPUMEHTAIBHO
MOATBEPKAECHO, YTO B LEMH C PACIPEACICHHBIMU IMapaMeTpaMu MPHU MOJa4Ye Ha €€
BXOJ CUHYCOUJAJIbHOTO HANPSDKEHUS BOZHUKAET MaJaroliasi, a py ONpeaeICHHbBIX
YCJIOBUSIX U OTPaXE€HHAs! BOJIHA HAIIPSKCHUA.

B 3aBucumMOCTH OT 3HA4Y€HWs] HArpy3Kd Ha BBIXOAE JMHUM B HEHU
HAOJIIOJIAOTCS  CJICYIONMINE PEXKUMBI PabOTHI: PEXKHUM XOJIOCTOTO XOJa, PEXKUM
KOPOTKOTO 3aMbIKaHUsl, PEKUM COTJIACOBAaHHOW HArpy3Kd. bbUl paccMOTpEHBI U
WCCJICIOBAHBl BCE OTHU PEXUMBI PabOThI B HMCKYCCTBEHHOW IJIMHHOW JMHUHU C
MaJIBIMU TIOTEPSIMH.

[TonpoOHO HccnenoBaH pekUM CTOsIUEH BOJIHBI. Bu3yallbHO OATBEPKICHO
00pa30BaHUE CTOSIYMX BOJIH B JIMHUH IIPH XOJIOCTOM XOJI€ U KOPOTKOM 3aMbIKaHUH,
KOTJIa MPOUCXOJIAIIO TTIOJTHOE OTPAXKECHUE MAIA0IIEd BOJTHBI OT KOHIIA JIMHUMU.

OKCIEpUMEHTANIBHO MOJITBEPKICHBI TEOPETUUECKN YCTAHOBJICHHBIE 3aKOHBI
pacnpeneaeHus] HapsHKEHUST BAOJb TAKOW JIMHUM B PEXKUME CTOSTYEH BOJIHBI TIPHU
XOJIOCTOM XOJIe M KOpPOTKOM 3aMbikaHuu. CHSATBHI TpaduKu pacrpenaeieHus
HaMpsHKEHUS BIIOJIb IMHUM B TUX PEKUMAaX.

Uccnenosan pexum Oerymieid BoJiHbL. [1oaTBEpKIEHO OTCYTCTBHE B JIMHUU
OTPa)X€HHOU BOJIHBI [P COTJIACOBAaHHOW Harpyske. [lokazaHo Takxke, 4TO B 3TOM
pEKUME BOJHOBOE COMPOTHUBJICHUE JTUHUM CTAHOBUTCS YUCTO AKTUBHBIM, TaK KaK
OTCYTCTBYET CABUT (a3 MEKy HAMPSHKEHUEM U TOKOM TI0 BCEH JIJTMHE JIMHUH.

HemomHnoe coBmajgeHne mpu pa3IdYHBIX pEKUMaxX padOThl JUHUHU €€
aMIUIMTYTHO-YaCTOTHBIX ~ XapaKTEPUCTUK, PACCUUTAHHBIX TEOPETUYECKU U
MOJIYYCHHBIX AKCIIEPUMEHTATILHO, OOBSICHSACTCS HATMIUEM OIMPEIEICHHBIX MOTEPh
B JIMHUM W TIOTPEUTHOCTHIO TOKa3aHUW OTIECIBHBIX H3MEPUTEIBbHBIX MPUOOPOB,

MMEIOIINX ONPEICICHHBIN KIaCC TOYHOCTH.
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7.  KoOHTpoOJIbHBIE BONPOCHI sl IONYCKA K BbINOJHEHHUIO JIA0OPATOPHOM

padoThbI

1. Kaxoii ¢opMbl HCHBITATETBHBIA CHUTHAJT HCIOJB3YETCS B JaHHOU
pabote?

2. Kakue npubopsl HCHIONB3YIOTCS NpPU MPOBEIECHUH J1aOOpAaTOPHOU
paboThI?

3. Kak omnpenensercs dacrtora, WHCHOJAb3yeMas IMpU NPOBEICHUU
UCCIIEOBaHUSA?

4, Kaxkne snekTpryeckne nenu CUATaroTCs LEISIMU C PaclpeeICHHBIMA
napameTpamu?

5. Yro Takoe ONHOPOIHAS JUIMHHAS JIMHUS?

6. Kakue ypaBHEHMS HCIONB3YIOTCS [UIsl ONUCAHUS pexuma padboThl

LeMnel ¢ pacnpeaeIeHHbIMU ITapaMeTpamu’?

1. JlaiTe onpeneneHue JIMHHOW JIMHUH.
8. Kakwue nuaum cunrarorcst TIMHUSIMA 0€3 NoTeph?
Q. UeM oTiMyaeTcsi cxema 3aMelleHUsl JUHUU C MOTEPSIMU OT CXEMBI

3aMellleHUs JIMHUU 0€3 OTeph?

10. Kakue xapakTepHbIE PEKHUMBI HMCIHOJB3YIOTCS TPH HCCIEIOBAaHUU
JUIMHHBIX JTAHUN?

11. Kakue BOJHBI BO3HHMKAIOT B JIJIMHHOW JIMHUU TPHU TOJIa4e HA €€ BXOJI
CHUHYCOUJATBHOTO HAMPSKEHUS ?

12.  JlaiiTe onpeaeneHus JIJIUHBI BOJIHBI, BO3HUKAIONICH B JIMHUU?

13.  UYro Takoe ¢azoBas CKOPOCTH?

14.  Yrto Takoe k03(PGUIMEHT OTpa)K€HUsI BOJIHBI OT Hayajla M OT KOHIA
JTUHUHN?

15. B kakux mpegemax MOXKET MEHATHCS KOIDPUIMEHT OTpaskeHUsI
BOJIHBI?

16. Yem otimuaercs KOdhOUIIMEHT OTPAKCHUSI BOJHBI HAMPSDHKEHUS U

TOKa?
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17.  Kakoii pexuM paObOThI TUHUK HAa3bIBACTCS COTJIACOBAHHBIM, B YEM €T0
0COOEHHOCTB?

18.  [laiite onpeneneHue Ko3pGUIMEHTOB OEryIei U CTossueld BOJIHBI.

8. KoHTpoJsbHbIE BONPOCHI /JIs1 3aIUTHI JIA00PATOPHOI padoThl

1. Kakue mapaMeTpsl TUHUU SBIISIOTCS NEPBUYHBIMU U CKOJIBKO MX?

2. Kakue nmapaMmeTphbl JMHUU HA3bIBAIOTCS BOJIHOBBIMH U MTOYEMY?

3 UYewm oTinuy4aroTCs BTOPUYHbBIE TAPAMETPhI y JIMHUU C MOTEPSIMU U Y JIMHUU
0e3 norepn?

5. UTo Takoe BOJIHOBOE CONMPOTUBIICHHE?

6. Kakoiti @usnueckuii cmbicn  Ko3(pUIMEHTa pacnpocTpaHEHUs
3JIEKTPOMArHUTHOW BOJIHBI BAOJb TUHUU?

7. 3anuiuuTe BbIpakeHHe Kod(hdUIMEeHTa pacnpOCTpAHEHUS I JIMHUM C
NOTEPSIMU U 0€3 MOTEPb.

8. 3anummTe TenerpadHble ypaBHEHHUS JIMHUU AJIs ONpEAeNieHUS TOKa U
HaIpsHOKEeHUS. B JIMHUM B TOYKE, OTCTOSIIIEN Ha OIMpPEAEIEHHOM PACCTOSHUHM OT
KOHIIA JTMHUH.

9. C kakoi CKOpPOCTbIO PACIPOCTPAHSIETCS SJIEKTPOMArHUTHAsI BOJIHA BJIOJb
TuHUKn?

10. 3anumuTe popMyiy Isl pacdyeTa JJIMHbI BOJIHBI B JIMHUU.

11. 3anummute hopmyity s pacueta pa30oBOM CKOPOCTH BOJIHBI B IMHUH.

12. JlaitiTe onpenenenue ¢pa30BOM CKOPOCTH BOJIHBI B JIMHUH.

13. Kak onpenenauTs 4acTOTy JIEKTPOMAarHUTHOTO KojieOaHusl, IPU KOTOPOH
B MCKYCCTBEHHOMW JUTMHHOW JIMHUU YJIOKUTCS 11eJ1ast JUTMHA BOJIHBI.

14. Hapucyiite u o00bicHUTE ¢u3ndecku TpaduKk pacrupeaeieHus
HaMpsHKeHUs (TOKa) BIOJb JIMHUU, PA30MKHYTOM Ha KOHIIE.

15. Hapucyiite u o00biacHuTe @u3nyecku rpaduK pacrnpeaeIeHUs
HaIpsHKeHUS (TOKa) BJOJIb JIMHUM, 3aMKHYTOM Ha KOHIIE.

16. Hapucyiite u o00bsicHuTe (Qusnyecku Tpaduk pacnpeneseHus

HaIpsHKEHUS BJIOJIb JIMHUM C COTVIACOBAHHOM Harpy3Kou.
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17. Hapucyiite u o00bsicHUTE (QuU3MYeCKH TpaduK pacrpeaenecHus
HANPsDKEHUS BIOJb JIMHUU MPU HE COIVIaCOBAaHHOM Harpyske.

18. B xakoMm pexuMe 10 JIMHUY MepelaeTcsl aKTUBHAS MOITHOCTH?

19. B kakoM pexume IO JIMHUM HE TepeJacTcsl aKTHBHAsg MOIIHOCTb U

noyemy?
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