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BBenenue

B ¢uszuke... nem mecma 051 nymarnvix moicietl...
HeticmeumenbHo nonumarouue nPUpooy mo2o uiu
UHO2O0 ABIEHUS OONHCHBI NOJLYUAMb OCHOBHbIE 3AKOHbL
U3 cO0OPadCeHUll pazmepHoCmu.

Onpuko Pepmu

3JIGKTpOMaFHI/ITHI>Ie BCJIIMYUHBI U (1)I/I3I/I‘IGCKI/IC 3aKOHOMCPHOCTU C Y4AaCTUCM OTHX BCIMYHH
3aHUMAIOT OOJIBIIIYIO YacTh 001ero Kypca gusuku [1-3]. Bonbioii 00beM H3yyaeMOro Marepuana, a
TAKXKE €ro BaKHOCTh B PACKPHITUM MHOTHX (DM3MYECKHX SIBJICHUMW, BKJIIOYas 00JacCTH MEXaHUKHU
(ocoOeHHO KBAaHTOBON MEXaHHWKH) M ONTHKH, MPEANoJaraloT He0OXOIUMOCTh IEIOCTHOTO M CHC-
TEMHOT'0 U3yYEHHUS pa3jielia JJIEKTpOMarHeTu3ma B yueOHOM Kypce o0mien pu3uki.

Pemenuio 5Toi 3amauM MpPU3BAHO CHOCOOCTBOBATH HACTOAIIEE METOAMYECKOE IMOcooOwme,

oopMIIEHHOE U alPOOMPOBAHHOE B BUJIE KOMITBIOTEPHOTO JIA0OPATOPHOTO MpaKkTUKyMa [4].

Lesb 1a00paTOPHOIO MPAKTUKYMA

enbto maHHOrO J1aOOPATOPHOTO MPAKTUKYMA SIBIISIETCA M3yUEHHUE CTYIEHTAaMHU €AMHMIL U3-
MEpEeHUs U pa3MepHOCTeH (PU3MUECKUX BEIUYHH, JOCTH)KEHHE MOHUMAHUs CTYyJeHTaMU CHUCTEMHO-
CTH, KaK CaMHMX BEJINYMH, TaK U 3aKOHOMEPHBIX B3aUMOCBS3eH MeX1y HUMHU. CTYAEHTHI U3Y4arOT
pa3MepHocTu pusnueckux BenuyuH B cucremax CU u LT. Ha ocHOBe cpaBHEHUs OTIMYUN pazMep-
HOCTeW (PM3NYECKUX BETMYMH yKa3aHHBIX JIBYX CHUCTEM, OOHapYyXHUBAIOT CTPYKTYpHOE jAeneHue (u-
3UUYECKUX BEJINYMH, BKIIIOYAsl CTPYKTYPHOE JIETIEHUE AIEKTPOMArHUTHBIX BEJIMYHH.

Hcxons U3 TONOJIOTHM pa3MeleH s pa3MepHOCcTel (prU3NYecKrX BEIMYUH, 0OHAPYKUBAIOTCS
CHCTEMHbIE 3aKOHOMEPHOCTH B NMPUPOIHBIX 3aKOHOMEPHBIX B3aUMOCBS3SIX CaMUX (PU3MUECKUX Be-
nuuuH. [Ipu BBINOMHEHUM NpakTUKyMa MpuoOpeTaeTcs yMeHHe paboThl CO ClelUaTu3upOBaHHOM
KOMIIBIOTEPHON MPOrpaMMOi M HaBBIKM MOJb30BAHUS IUIAHAPHBIMU (TNIOCKMMHU) M300paKEHUSIMHU
cucTeMbl (PU3NYECKUX BEJTMUMH M 3aKOHOMEpHOCTeH. JIabopaTopHBIN MPaKTUKYM HPU3BaH CIOCO0-
CTBOBAaTh 3aKPEIICHUIO TEOPETUUECKUX 3HAHUHI, NpUOOpeTaeMbIX Ha JEKIUIX U Ipu paboTe ¢ JIuTe-

paTypHBIMU UCTOYHUKAMHU.



KpaTkas xapakrepucTnka 00beKkTa u3y4eHus

CucteMHOE pa3MEpHOCTHOE IpejcTaBieHne ¢pusndeckux Benuuud (OB) nmossomnsier nenoct-
HO, HaIJIAJHO U JIOXOJYMBO IPEICTaBUTh OCHOBHble DB paznuuHOl HampaBieHHOCTH (B obiactu
MEXaHMKH, 3JIEKTPOMArHETU3Ma, TEIIOBBIX U U3JIydaTeNbHbIX SIBICHUM U Ap.). [Ipu 3TOM B cucreme
HArJSITHO MPEICTABISIOTCS TaKXKe U 3aKOHOMEPHOCTH, CYIIECTBYIOIINE B PA3IUYHBIX 00JACTIX €c-
TECTBO3HAHUS, KOTOPbIE €CTh HE YTO MHOE, KaK pa3MEPHOCTHBIE B3aUMOCBS3H CAMUX BEIMYUH WIIH,
kak 310 cunrtaer JI.A.CeHa, ux eIMHUYHBIX 3Ha4YeHHH. C y4EeTOM BO3MOXKHOCTH OOHApYy>XEHHUS B
crcTeMe JIEHCTBYIOUINX 3aKOHOMEPHOCTEH ee OoJiee MOTHOE Ha3BaHUE - CUCTeMa (PM3UYECKHUX BEJH-
yiH " 3akoHoMepHocTel (PBu3). Hanbonee ynobHo monp3oBarbesi cucremoir ®Bu3 B aiekTpoH-
HOM (KOMIIBIOTEpHOM) HcHosIHeHHH. [Ipu paboTe ¢ 3JIeKTPOHHBIM BapMaHTOM CUCTEMBI ClIEAYeT
HOJIB30BAThCS CIICHUATBHO Pa3padOTaHHOM HHCTPYKIHEit [5].

MHoroypoBHeBoe (apXxUTEKTypHOE) u3o0pakenue cucreMbl ®Bu3 npuseneHo Ha puc. 1.

[Tnockoe 3xpaHHOE KOMITBIOTEpHOE H300pakeHue cucreMbl ®Bu3 npuBeneHo Ha puc.2.

ApXUTEKTypa MHOI' OypOBHEBOIT G
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CHCTEMHEIE VPOBHH H JEHCTBYIOIIHE MEKYPOBHEBEIE CBA3H d)H3H‘:ICCKHX BCJIHYHH:

1 - obme 6a30Bble KHHEMAaTHYECKHE BETHYHHbI k! - IonIeBbIe 31eKTPOMArHUTHBIE BETHIHHbI

G - o0mue 6a30Bble JHHAMHYECKHE BETHIHHBI Gk? - cTpyKTypo-cpenobie DMB 1 moarpymst
G - ypoBeHb IpaBUTALMOHHO KOHCTAHTBI G k2 - ctpykTypo-cpenoBble IMB 2 1o Arpy s
Gk - 6a30BbIe 3TTeKTPOMAarHHTHbIE BETHYHHbI k u Gk1 - JomOTHHUTE BHBIE CHCTEMHBIE YPOBHH

Puc. 1. ApxutekrypHoe nzobpaxenue cuctembl ®Bu3.
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Puc. 2. DxpanHoe nzoopaxenue cucrembl ®Bu3.

@B, BbIpakeHHbIE 110 pa3MepHocTU B cucteme CH, pacrosiokeHbl MHOTOYpPOBHEBO (MHOTO-
CIIOITHO) B ONPEJIEIICHHBIX CUCTEMHBIX 3MeMeHTaX. CucreMHbIe 35eMeHThl uMetoT LT — pasmepHo-
CTHOE IPE/CTaBICHUE, OHU CTPOTO YHOPSAIOUYEHBI M PACIIOIOKEHBI B OHOMU, KaK Obl 0a30BOM, TIOC-
KocTu. ToImoIornyecKkre CBSI3U MEXIYy CHCTEMHBIMHU JJIEMEHTAMHU CIISAYIONIUE: OJIMKaiIIme ropu-
30HTAJIbHBIE CBSI3U B HANPABJICHUH CJIEBA HANPABO - UMEIOT Pa3MEPHOCTb CKOPOCHU (LTfl) , a omu-
KallIMe KOCOyroJbHbIE CBSA3H, UAYIIME CBEPXY BHHU3, B 3aBUCUMOCTH OT UX CKJIIOHEHHUS BIPaBO WU
BJIEBO, UMEIOT pasmMepHOCTh spemenu (T) wu daunwt (L) (npocmpancmeennou npomsiicennocmu).

@B kax10r0 CHCTEMHOT'O YPOBHSI UMEIOT CBOW XapaKTepHBIH pa3MEepHOCTHBIA KOA(PUIIH-
€HT, KOTOPBIM OHU OTJIMYAIOTCS OT PA3MEPHOCTH COJIEPKAIINX UX CUCTEMHBIX LT — aiemMeHTOB.

MuoroypoBHeBoe pacnoyioxenne @B, na enie ¢ JONOJTHUTEILHBIMA Pa3MEPHOCTHBIMU KO-
s dunmeHTaMu, Co3AaeT ONpeleieHHbIE TPYIHOCTU ISl MOJh30BAHMS CUCTEMON B BHJIE IIIOCKUX
(mmaHapHBIX) H300paKeHUH, OJIMH U3 BApUAHTOB KOTOPBIX MOKA3aH HA PUC.3, TOATOMY Ui ya00CT-
Ba TIOJIb30BAHUS CUCTEMOU pa3paboTaH AJIEKTPOHHBIM BapUAHT CUCTEMBI, IPUMEHSIEMBIH B JaHHOMN

nmabopaTopHoOU padore.
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Puc. 3. YactHoe mnanapHoe n3obpaxenue cuctemsl ®Bu3.

Kaxxnprit cucteMublii ypoBens (cioit) @B npencrasnsier coboi onpeneneHHyI0 CHCTEMHYIO
rpynny @B, poAcTBeHHBIX MO CBOMM (hU3HYeCKHM cBoiicTBaM. YkazanHoe poactBo @B oxnoro u
TOTO YK€ CUCTEMHOTO YPOBHS OOBbEKTHBHO MOATBEPIKIAETCS €AUHBIM 1715 3ToU rpymmnbl OB 3HaueHu-
€M JIOTIOJHUTEIHHOTO Pa3MEPHOCTHOTO KOd(PUIMEeHTa U OOBIYHO BBIJIEISETCS HAa HU300paKEHHIX
ONPEIETICHHON [IBETOBOM PACKPAaCKOM.

[IpumMeuaTenbHbIM CBOMCTBOM paccMarpuBaemMo cuctemMbl @Bu3 sBisieTcss HE TOJBKO
cTpykTypupoBanne ®B no otaensHbIM (QYHKIIMOHATEHO 0OOCOOIEHHBIM TpyMIaM, HO U BO3MOXK-
HOCTb MTOMCKA, MPOSBIECHUS U HATJSAHON WUIIOCTPAllMU B cUcTeMe (QU3NYECKUX 3aKOHOMEPHOCTEH,
KaK W3BECTHBIX, TaK U MOTCHI[HATHLHO BO3MOXKHBIX B TIPUPOJIE.

dusnuecKkue 3aKOHOMEPHOCTH HArJISTHO OTOOpa)KaloTCsl B CUCTEME B BHJE BBIJCICHHBIX
napajuieJIorpaMMOB WJIM BBIJCJIEHHBIX JIMHUN, COEIUHAIONINX 10 YeThipex siueek ¢ OB, yuactByro-
IUX B TOW WM WHON 3aKOHOMEPHOCTH (BXOISAIIUX B YPABHEHHE CBSI3H, BRIPAKAIONIYIO TY WIH HHYIO
MIPUPOJIHYIO 3aKOHOMEPHOCTb ).

Ecnu ypaBHeHue cBsizu coliepkuT Oosnee ueTsipex @B, To Takoe ypaBHEHHE clieayeT pa3ou-
BaTh Ha JBa OoJiee MPOCTHIX YpPaBHEHUS, JJIS KOTOPBIX BO3MOXHBI CBOM COOCTBEHHBIE OT/EIbHBIC
CUCTEeMHBbIE n300paxeHus. B ypaBHeHusx, conepxxamux Tpu @B, 00bIYHO y4acTBYET Oe3pasmepHas
koncmanuma unv oaHa u3 @B nmpucyTcTBYeT BO BTOpOU CTENeHU. B mocineaHeM ciydae CUCTEMHOE

OT06pa)KCHI/Ie 3aKOHOMCPHOCTHU 00s13aT€IbHO UMEET BUJ JTUHHH. Be3pa3M6pHa;z KoHcmanma, paciio-
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Jarasich B ONPEJICJIECHHOM MECTE CUCTEMbI M UMesl HyJIeBble Noka3aTenu npu LT - naaekcax, ciayxur
XOPOILIMM OPUEHTUPOM IS IIOJIb30BAHUS CUCTEMOM.

B snextponnom Bapuante cucreMbl @Bu3 npenycMOTpeH BBI30B M3BECTHBIX (PH3MUECKUX
3aKOHOMEPHOCTEHN, KOTOPBIE YK€ 3aHECEHbl B CUCTEMHYIO 0a3y 3HaHHUIl. BbI30B M3BECTHBIX 3aKOHO-
MEpHOCTEH MPOU3BOANUTCS LIETYKOM MBIIIKHA Ha UX HAUMEHOBAaHUM B OOLIEM MM CTPYKTYPHPOBAH-
HOM (110 OTZIE€IbHBIM IpyIIIaM) CIIUCKE 3aKOHOMepHocTel. [Ipu 3ToM Ha 3KpaHe MOHUTOpA KOMIIbIO-
Tepa MOSBIIETCS OTOOPaXECHUE BHI3BAHHON 3aKOHOMEPHOCTH B BHUJIE BBIICJICHHOTO MapaliesIorpam-
Ma WU BBIACICHHOW JIMHUM, & B CIELHUAJIBHOM DKPAaHHOM OKHE IIOKa3bIBAECTCS MAaTEMaTH4eCcKas
(bopMyIa, COOTBETCTBYIOLIAs HIUTIOCTPUPYEMON 3aKOHOMEPHOCTH.

Bosnee monHyto nHpopManuio o BEI3BaHHON (PU3MYECKON 3aKOHOMEPHOCTH MOKHO TIOTYYUTh
BBI30BOM JIOTIOJIHUTEIBHOIO BCIUIBIBAIOLIETO SKPAaHHOTO OKHA. Bes MHQpOpMaius BCIUIBIBAOIIMX
OKOH MOX€ET OOHOBJISATHCA U KOPPEKTUPOBATHCS.

Oxpacka siueex ¢ @B, ucnonb3yemast A1 BblAEICHUS U 0003HaYeHUs NpUHauIexkHocTH OB
K OIIPEJEIICHHOMY CUCTEMHOMY YPOBHIO, IIO3BOJISIET JIETKO OPUEHTUPOBATHCS B CUCTEMHON CTPYKTY-
pe u obJieryaeT MmoucK 3aKOHOMEpPHBIX B3auMocBsizeli @B. B naHHOM BapuaHTe CHCTEMBI STUCHKH C
o0muMu 6a30BbIMM KMHeMaTHdeckuMu DB okpalleHbl B JKENThIN 1BET, a siUeiKU ¢ TMHAMUYECKU-
Mu OB uMeroT cepslil uBeT. fdeliku ¢ 2aekTpoMarHUTHBIMU DB pa3HBIX CHCTEMHBI YPOBHEW TOXKE
HMMEIOT CBOIO BBIJEINSIONIYI0 OKpacKy. DneKkTpoMarHuTHble @B pacnosiokeHbl Ha YEThIpeX OCHOB-
HBIX CHUCTEMHBIX YPOBHSX, 00pa3ysl CICIYIOIIHE IPYIIIbl: 0a30BbIe JIEKTPOMATHUTHBIE («MaTepH-
anbHbIe») OB, moJieBbIe ekTpoMarauTHbie OB 1 cTpykTypo-cpenoBbie OB 1ByX THIIOB.

Ha nononHuTenbHBIE CUCTEMHBIE YPOBHM BbIBeJeHHI emle aBe PB: nodsusxcnocms HOCUTE-
neil Toka U nocmosinuas Xonna, WCHOJIb3yeMble B (PU3UKE MOJIYIPOBOJIHUKOB. MOKHO OTMETHUTD,
4TO nOO8UdNCHOCMb HOocuTenel Toka ectb @B, oOpatHas unoyKyuu mMacHumHo20 nosis, a TOCTOSHHAs
Xomna ectb @B, o0patHas o6vemmotl niomrnocmu snekmpuyecko2o 3apsaoa. bonpmmHcTBo OB, HC-
MoJIb3yeMbl€ B JaHHOM paboTe npeacTaiensl B Tabauue Ilpunoxenus 1.

W3 nanHBIX TaOIMIBI BUJHO, YTO OTIACJBHYIO TPYIIY AJIEKTPOMArHUTHBIX BEIMYUH COCTaB-
JISIOT 91eKMPUdecKull 3apso0, cuia moka u Apyrue UM MojoO0HbIe BETUYHHBI, KOTOPblE MOXKHO Ha-
3BaTh «MAaTEPUAIBHBIMUY. [[pyryro Ipymiy 3J€KTPOMarHUTHBIX BEJIMYUH COCTABIIAIOT I1OJIEBBIE Be-
JIMYMHBI, OHU BKIIIOYAIOT B ce0s MpUBBbIYHBIE MoJIeBble DB, 3a UCKITIOUEHUEM HANpAMCeHHOCTNU Mae-
HUMHO20 NOASA U UHOYKYUU INEKMPUYECKo20 NoJid, KOTOPbIE CUCTEMHO OTHOCATCSA K YHNOMSHYTOMH
IIEPBOM TpymMIIE.

YpOBEHb CTPYKTYPO-CPEOBBIX JIEKTPOMArHUTHBIX BEIHYUH, 00pa3yIOIIUX TPETHIO CHEIH-
¢uyeckyro Tpynmny BeIMYUH, MMOApa3AesseTcs Ha JBa noaypoBHa @B, mpOTHBOIMOIOXKHBIX 1O pa3-
MEpHOCTH. BXOXIeHUE snekmpuueckoll W MacHUmHoU npoHuyaemocmeti (BKIIOYAIOIIUX B CeOs

NEKMPUYECKYI0 U MACHUMHYIO NOCMOAHHbIE) B TaHHYIO CUCTEMHYIO TPYIIy TOBOPUT 00 3JIEKTPO-
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MarHUTHON CTPYKType W (u3nyeckoro Bakyyma. Ha cerogHsi u3BecTHa M IIMPOKO HCIOJb3YyETCS
JUIIb OJIHA XapaKTEPUCTUKA BaKyyMa - BOJIHOBOE conpomusnenue. BolIHOBOE CONPOTUBIIEHUE MOJI-

HOCTBIO OIIPCACIACTCA 3]l€KmpI/l'{€CKOIZ U MACHUMHOU NPOHUYACMOCAMU BAKYYMA.

Ry = 22 ~377 ¢,
€o

Cuctemnoe npencrasinenrne OB mo3Bossier 00HaAPYKUBATh U 3aTOJIHATH CUCTEMHBIEC «Oelble
nsaTHay. [loaToMy 3/1€CH BO3MOKHO IMOSIBJICHHE HOBBIX OPUTHHANBHBIX HanMeHoBaHuit @B Ttumna no-
menyuanbHoe Oelicmaue, TIPEICTaBIIONIee CO00H MPOU3BEICHHUE CU/ibl HA NIOWAO0L WITH TIPOU3BE-

JACHUC Ham:AdICeHUusA Ha obvem.

MeToanuyeckue YKa3aHUs K NONCKY M 00HAPYIKEHHI0 CHCTEMHBIX (3aKOHOMeDHLIX)

B3aMMOCBSI3ei 3JIEKTPOMATHUTHBIX BeJITHUNH

B npenenax kaxaoro CHCTEMHOIO YPOBHsI I TOAYPOBHSI OOBIYHO COOJIOMAETCS MPABHIIO,
10 KOTOPOMY BTOpasi CTEIEHb JI000H (pU3HUeCKOl BEIHYUHBI €CTh IPOM3BEICHUE IBYX PaBHOY/Ia-
JICHHBIX OT HE€e BEJIMYUH II0 JIFOOOMY BBIJIEJIEHHOMY B CHCTEME HAIPABIICHHIO.

MexypoBHeBbie cBsi3u @B 00HapYKHUBAIOTCS MO MPABUIY BBIICICHHOTO MapaieaorpaMma
WK BBIICICHHOM JIMHKUH, 3a4aCTyIO C ydacTueM Oe3pazmeproul koncmanmol (cM. puc.3). B actHo-
CTH JIETKO ONPEIEIIAIOTCS CIIEIYIONINE CHCTEMHBIE CBSI3H:

— MPOU3BEJICHUE MPOCTPAHCTBEHHOTO diemenma snexmpuyeckoeo moka (QV = I1) u unoyx-
yuu macnumnozo nos (B) paBHo npousBencHuto cunot (F) Ha 6espazmepnyto koncmanmy;

— mnpousBenerue cuavt moka () u conpomuenenus (R) paBHO POU3BEACHUIO NOMEHYUALA
(p) (BepHee, pa3HOCTH MOTEHIIUANIOB) HA Oe3pa3MepHyI0 KOHCIMAHMY,

— MPOU3BEICHUE BEIMYHUHBI 2IeKMpUiecko2o 3apsaoa (Q) U HanpsajceHHoCmu dJ1eKmpuiecko-
20 nozns (E) paBuo npousBencuuto cunvl (F) Ha Ge3pazmepryro koncmanmy;

- ipousBesieHne nomoxocyennenus (Y = @) Ha BeTHunHy, 06paTHyIo unoykmusrnocmu (L),
ecthb npousBesenue cuia moka (1) Ha 6espasmepnyio koncmanmy;,

— npoussenenne snepeuu (W) u emxocmu (C) paBHO KBajpary snekmpuueckozo 3apada (q°);

— npowmsBenenue snepeuu (W) u unoyxmuernocmu (L) paBHO KBaapaTy MacHUmHo20 nOmMoKa
(@).

Hamo oTMeTuTh, 9TO peanbHble 3aKOHOMEPHOCTH MOTYT COJCPIKaTh Oe3pa3MepHbIC YUCIIO-
BbI€ TIOCTOSIHHBIC, KOTOPbIE TAHHOW CHCTEMOI HE OOHAPYKUBAIOTCS.

OTMETHM TaK)Ke, 4TO MPH MEPEMHOKEHHH W CPABHCHHUHU COJECPIKUMOTO SUECK, HAXOISIIMXCSI

Ha HOPOTHUBOIIOJOXHBIX BCPIIMHAX BBIACJICHHOI'O IMapauicjiorpamMmma, WIIIOCTPUPYIOMICTO HpPUPOO-
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HYIO 3aKOHOMEPHOCTb, JOIIOJIHUTEIbHBIE PA3MEPHOCTHBIE KOA(PMUIIMEHTHI, UMEIOLIECS B sUeiKax ¢
@B, 00s13aTeIbHO KOMIIEHCUPYIOT APYT Ipyra. TO CIYXHUT JONOJIHUTEIbHONW MPOBEPKON IPABUIIb-
HOCTH pabOThl KOMITBIOTEPHOM MPOTPaMMBI M CTPAXyET OT BO3MOXHBIX COOEB B paboTe MpOrpaMmbl
1 omMOOK M0JIb30BaTeNsl. DTO OCOOCHHO Ba)KHO IPH MOMCKE HOBBIX 3aKOHOMEPHOCTEH. 3HaueHUs
pa3sMepHOCTEH U TOTOJIHUTEIbHBIX Pa3MEPHOCTHBIX K03 duuuento npu OB nokassiBatoTcs B crie-
UAIbHOW MH(POPMALIMOHHOM CTPOKE, UMEIOIICHCSl Ha HKPaHe KOMITBIOTEPA.

JUia moJsib30BaTesel, MOJyYMBIIMX HEKOTOPBIM HaBBIK B pabOTe ¢ MPOrpaMMoOil, MpaBUiIb-
HOCTb BblJeNeHUA sueek ¢ OB B 3aKOHOMEPHBIX B3aUMOCBSA3AX MOXXHO KOHTPOJIMPOBATh II0 COOT-
HOILIEHUIO [IBETOB BBIJAEIISIEMBIX AYECK.

[IpuBeneM KOHKPETHBIM MpuUMeEp MOUCKA CUCTEMHBIX (IPUPOIHBIX) 3aKoHOMepHOocTel. [1pu
3TOM BOCIIOJIb3yeMCsl (MBICIIEHHO) HE CTOPOHAMHU, a TMaroHaISIMU BbIIEJIEHHOIO Mapajljiesiorpamma.
Hanpumep, HaM HaJg0 OTBHICKAaTh 3aKOHOMEPHYIO B3aUMOCBSI3b MEKIY 21€KMPUUEeCKUM OUNObHbIM
momermom u cunou. C MOMOIIBIO MBIIIKK KOMIIBIOTEpAa HAXOJUM U BBIAEISEM B cUcTeMe ABe 000-
3Ha4yeHHbIe DB. JInHNI0 MeXy 1BYMs BblACICHHBIMA DB MBICICHHO ITPUHUMAEM 3a OJHY U3 AHa-
roHajel OyayIiero BBIJEIECHHOIO NapajulejorpaMMa. 3aTeM BBIIEISIEM MBILIKON 6e3pazmepHyio
KOHCMAanmy U OTHOCUTENIBHO HEe€ MILEM CHUCTEMHBIN 3JIEMEHT, 00pa3yloluil C HE0 BTOPYIO 1Maro-
Hajb BBIJEIECHHOIO IapajiesnorpaMma. B 5TOM CUCTEMHOM dJI€MEHTE OTBICKMBAaeM s4ekiky ¢ OB,
LBET KOTOPOM OKa3bIBAEeTCS NMOAXOAAIMM. TouHee cka3aTh, oThickuBaeM @B, pa3MepHOCTHBIE KO-
3¢ (HULKMEHTHI IPU KOTOPOU YAOBIETBOPSAIOT YCIOBUIO MX B3aUMHOW KOMIIEHCAIIMU MIPU IIEPEMHOXKE-
HUU U CPABHEHUU COJIEPKUMOTO SYECK, HAXOAALUXCSA HA MPOTUBOIOJIOKHBIX BEPIIMHAX BbIICIICH-
HOTO Iapajuiejaorpamma.

B HameMm npumepe MCKOMOMW SYEHKOM, MPU BBIACICHUM KOTOPOW CHUCTEMa aBTOMATHYECKU
JIOJDKHA MOCTPOUTH BBIIEICHHBIM MapajiesIorpaMM M BBIBECTH HA 3KPAaH MOHMTOpA BCILIBIBAIOLIEE
OKHO, OKa3bIBaeTcs siueiika ¢ JBoiictBeHHOU DB: ousepeenyua nanpsascennocmu snekmpuueckozo
nons (OE/Ol) u usmenenue 6o spemenu «undykyuuy macnummnozo noas (0B/ot).

Ecnu HaliieHHOM 3aKOHOMEPHOCTH HeT B 0a3e 3HaHWW MPOTrpamMMbl, TO MbI JJOJDKHBI 3aI10JI-
HUTbH BCIUIBIBAIOIIEE OKHO, BHECS B HETO HEOOXOIMMBIE TaHHBIE 110 3TOH 3aKOHOMEPHOCTH.

Beime HaiiieHHast 3aKOHOMEPHOCTh 03HAYaeT, YTO HEOJAHOPOJHOE MO HANPSHKEHHOCTH AJIEK-
TPUYECKOE T0JI€ WM MEHSIOIIEECS] BO BpEMEHN MarHUTHOE IT0JIE JOJKHBI OKa3bIBaTh CHIIOBOE BO3-
JENCTBHE HA JJIEKTPUYECKUI JUIIOIb, YTO U UMEET MECTO B IEUCTBUTEIILHOCTH.

OOHapyXuB C IOMOIIbIO CHCTEMbl HOBYIO 3aKOHOMEPHOCTH, CIIEAYET JOMOJIHUTEIBHO YOe-
IUTBHCSL B IIPABWJIBHOCTH BBIBOJA O CYIIECTBOBAHUM ITOW 3aKOHOMEPHOCTH, ITPOBEPUB PABEHCTBO
Mpou3BeIeHUN (OTHOIICHUI) pazMepHocTeit DB, pacmonaraemMpix B siueiikax Ha MPOTUBOIIOIOKHBIX

(CMG)KHBIX) BCpIIMHAX BBIACIICHHOI'O IMapajuicjiorpaMma U B3aUMHOC YHHUYTOXKCHHUC IIPpU 3TOM [J0-



8

TTOJTHUTENIBHBIX Pa3MepPHOCTHBIX KoddduimenToB nmpu ®B. Ommbku MOTyT OBITH HE TOIBKO B pabo-
TE€ TPOTPaMMBbI, HO U B HAIIUX JaHHBIX 0 @B, KOTOpPBIC BHOCATCS B MPOTrpaMMy BPYUIHYIO.

B cunoBeix 3akoHax THma 3akoHa Kynona mnm 3akoHa Amrepa, rjie MpuCcyTCTBYIOT HECKOJIb-
ko ®B B cTemneHu 1Ba, clexyer OpaTh HX OTHOLICHHE M MCKATh KBAIpaT 3Toro orHomenus (g/r)°
WU (qv/r)z. KBagpar orHomenuss @B, co3narouieit nosie, K npocmpancmeeHHou npomsHCeHHOCmU
OOBIYHO pacIoyiaraeTcsi Ha CepeuHe MPSIMOI, COCAMHSIONMICH SJIEMEHTHI C CUlol U NONe8ol KOH-
cmanmoii, XapakTepusyrouieil qanHoe cuiosoe nose. Hanpumep, B 3akone Kynona nosieBast KOH-
CTaHTa 3TO AOCONIOMHASL DIEKMPULECKAsL NPOHUYaemMocms (dJIeKmpuyueckas NOCMosHHAsL, YMHOXKae-
Mast Ha OMHOCUMETbHYIO OUINEKMPULECKYIO NPOHUYAEMOCTD).

[Ipu cucTeMHON MILTIOCTpAIMK CHIJIOBBIX 3aKOHOB BBIJICJICHHBIN MMapajuiesorpamMm, Kak Ipa-
BUJIO, IPEBPAIIACTCS B TUHMIO. TaKkol mapayuieorpaMM MOKHO Ha3BaTh BBIPOXKICHHBIM.

CrnenyeT OTMETHTb, YTO 3aKOHOMEPHOCTH, WJLTIOCTPUPYEMbBIE B CHCTEME JIMHUSAMU (BBIPOK-
JICHHBIM TapajuIeJIOrPaMMOM ), He 00s3aTeIbHO COIepKaT B LIEHTpe KBaapat ogHoit @B unu kBagpar
otHomenus n1Byx ®B. Hanpuwmep, BoiZieIeHHAs TOPU30OHTANIbHAS JIMHUS, IPOBEJCHHAS B CHCTEME OT
be3pazmepHoll KOHCmManmyl 10 cuibl OYAET WIUTIOCTPUPOBATH ONPEACISIONIee YPaBHEHHE CBSI3U
IUISL peakmueHoll Cuibl, KOTOpas paBHA MPOU3BENICHUIO pacxo0a moniuea Ha CKOpOCmb UCTCUCHUs
ra3oB PeakTUBHOTO JABUTaTeNs. | Opu30HTaNbHAS BBICICHHAS IMHUS OT Oe3pa3mepHoli KOHCIMAaHmbl
10 MowHocmuy  OyAET WIUTFOCTPUPOBATH 3aKOHOMEPHYIO B3aUMOCBSI3b MEXKIY MOUWHOCMbIO, CUNOU U
CKOpOCMbIO.

IIpu moaroToBKe K BBHINOJHEHUIO JAHHOIO J1a00PATOPHOIr0 MPAKTUKYMA CTYACHTHI U3Y-
YaroT U YaCTUYHO KOHCTIEKTHPYIOT HACTOSIIUE METOJUYECKIE YKa3aHUs, 3SHAKOMATCS ¢ HYKHOW MH-
dopmanmeii U3 ocHOBHOM sutepatypsl [1-4], ¢ uHCTpyKIHeh [5] u ¢ uHbOpManuel U3 IOMONHU-
TEJNBHOUW JHUTEepaTyphl. B KOHCIEKTE 00s3aTEHHO TMPUBOIATCS ONPEACNICHHs: YTO TaKOe CIUHHIIA

U3MEPEHUA N PASMEPHOCTH @HSHHGCKOﬁ BCIIMYHHBI, YPABHCHUC CBA3U. HpI/IBO)IHTCH HX MMPUMCPEIL.

I[aIOTCSI OIpCACIICHNA OCHOBHLIX W MPOW3BOJAHBIX (I)I/ISI/I‘{CCKI/IX BCJIIMYHH. HpI/IBOI[I/ITCSI NEepCUCHb OC-

HOBHBIX U OOIIOJIHUTEIIbHBIX BEJINYNH CUCTEMbI CI/I, X €AVUHUIIBI U3MCPCHUA U PA3SMEPHOCTH.
B xoncmexte MNPUBOAUTCA OAWH K3 BO3MOXHBIX BAapHWAaHTOB HBETHOI'O OAHOPHUCYHOYHOI'O

npeacrasieHus: cuctembl GBu3.

3axa4u ¥ NOPAIOK BHINOJHEHUA J1aA00PATOPHOT0 NPAKTHKYMA

3amanue 1. M300pa3uth B BHUIE CTPYKTYPHO-JIOTHIECKON CXEMBI JIeJICHUE BCEH COBOKYITHO-
CTH (pU3UYECKHX BEIMYWH HAa UX OTACIbHBIC PA3HOBUIHOCTH: MEXAaHHUYECKHE, TETUIOBBIC, 3JIEKTPO-
MarHuTHbIE. [IpUBeCTH pa3MEpHOCTHOE AEJIeHHE 3JEeKTpOMarHuTHeIX @B Ha cucTeMHble TPYNIbI U

MOATPYIIIHL.
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3amanue 2. J[ns KaxIol W3 TPYNN 3JIEKTPOMAarHUTHBIX BEJIMYWH (CM. MPUJIOKEeHHE 1) mpu-
BECTH B TaOIMYHON (opMe HECKOIBKO BeMHUYWH (10 2-3 B KaXJI0i rpymre), ykazaB B cucteme CU
UX €JUHMIBI M3MEPEHHS, Pa3MEPHOCTH M ONpEACTSAIONINe ypaBHEHUs CBA3H. B Toil ke Tabmumie
NPUBECTH aHAJOTUYHbIC TaHHble B LT — cucremMe pa3MepHOCTei (MCIOIb3yeTcsl BAPHAHT Pa3MEepHO-
cTH snekmpuueckozo 3apsda — L3T™), ykasaB mpu 5TOM JOMONHHTENBHBIH Pa3sMEPHOCTHBIN KO3(-
(buIMeHT, Ha KOTOPbI pasnunyatorcs pazmeproctu @B B cuctemax CU u LT.
3aganue 3. Vcnone3ys yueOnsiii aiin « QJIEKTPO-mokas.Its» xoMmbloTepHO# mporpaMmbl
MIO3HAKOMUTBCSI C MOPAJKOM pa3MEIleHUs, BU3yaJbHOI'O BBIIEIECHUS U 3aMEeHbl (PU3MYECKUX BEIH-
YMH B CUCTEMHBIX j1eMeHTax. OCBOUTH NPUHLIMI BU3YyalU3aliK (BbIIEICHHBIM [1apauIeIorpaMMOM
Y BBIJICTICHHOH JIMHHUEH ) 3aKOHOMEPHBIX COOTHOIICHUH (PU3NUECKUX BEITHMYHH.
[To pe3ynbTaTaM BBHIIOTHEHHS 3a/IaHUS CAETIATh BHIBOJ O BO3MOYKHOW KIIACCH(HKAINU 3aK0-
HOMEPHBIX CBSI3€H, HIUIIOCTPUPYEMBIX € IIOMOLIBIO POTrPAMMBI.
3amanue 4. Wcnonw3ys yueOHbId aitn  kommbioTepHoit mporpamMmbl  «JIEKTPO-
yueOHbIi.ItS» HaliTH U 0TOOPA3UTh HA PKPaHE KOMITBIOTEpPA CUCTEMHYIO BU3YaJIH3aLUIO CICAYIOIINX
MSITH 3aKOHOMEPHOCTEH (BapHaHT AAETCs MPETOAaBaTENIEM IIPH BHIIOTHEHUU paOOTHI):
Bapuanr A:
1) Ompenensroliee ypaBHEHHE CBA3U IS SJIEKTPUUYECKOTO MOTEHLIMAIA;
2) Onpenenstoliee ypaBHEHHE CBSI3H /1711 MarHUTHOTO MOTOKA,
3) DHeprus 3apsKEHHONW €EMKOCTH (BbIpaKEHHE Yepe3 HapsKeHUe);
4) Cuna Amnepa;
5) PaGora no nepemenieHuIo MpoBOIHUKA C TOKOM B MAarHUTHOM IIOJIE.
Bapuanr b:
1) Omnpenendroiiee ypaBHEHUE CBSA3U JUIsS HAIPSHKEHHOCTH JIEKTPUYECKOTO T10JIS;
2) Onpenenstoniee ypaBHEHNE CBSI3U JUIsI MArHUTHON MHTYKIIUH;
3) DHeprus KaTylUIKd HHIYKTUBHOCTH C TOKOM (BBIpaKEHHE C YJaCTUEM CHJIBI TOKA);
4) 3akon Kynona;
5) Pabota no nepeMerieHuo 3apsijia B 3JIEKTPUIECKOM TOJIE.
Bapuant B:
1) Ompenensroiiee ypaBHEHHE CBSA3U ISl HANPSHDKEHHOCTH MarHUTHOTO TOJIS;
2) Onpenenstoniee ypaBHEHUE CBA3H [ MOJSIPU30BAHHOCTH TUAJIEKTPUKA;
3) MOmHOCTD B IETH MOCTOSTHHOTO TOKa;
4) Cuna Jlopeniia;

5) [InoTHOCTH 3HEPTUM SNEKTPUUYECKOTO MOJIS.
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Bapuanr I
1) Omnpenendroliee ypaBHEHNE CBA3H JUIsl HAMarHU4€HHOCTH MarHeTHKa,
2) Onpenenstoliee ypaBHEHUE CBA3H 111 MATHUTHOTO BEKTOPHOI'O MTOTEHIIMANIA;
3) DHeprus 3apsHKEHHON eMKOCTH (BbIpa)KEHUE Yepes3 3apsii Ha EMKOCTH);
4) BpamarenbHbIii MOMEHT, ICHCTBYIOIINNA Ha KOHTYP C TOKOM B MarHUTHOM TI0JIE;
5) PabGota o nepemenieHuo MPOBOAHNKA C TOKOM B MATHUTHOM IIOJIE.
Bapuanr /I:
1) Ompenensroniee ypaBHEHHE CBA3H Ul CHIIbI AEKTPHUECKOTO TOKA;
2) Omnpepenstolniee ypaBHEHUE CBS3M Ul IUIOTHOCTU IOTOKA JIEKTPOMArHUTHOIO MOJIs (BEKTOP
[loitHTHHTrA);
3) DHeprus 3apsKEHHONU €EMKOCTH (BbIpaXKEHHE YEPE3 3apsii U EMKOCTD);
4) BpamarenbHblil MOMEHT, IEHCTBYIOIIMN Ha 3IEKTPUUECKUH TUIO0Jb B AJIEKTPUUECKOM I10JIE;

5) 3akon Oma B nuddepenmansHoit popme.

HalinenHble COOTHOIIEHUS MOMECTUTH B OTUET MO paboTe, MPEJICTaBUB MX B YIPOIIEHHOMN
dopme, mpuBOIMMOM B KOHIIE pa3zena. Kaxnoe n3o0paxeHue JOKHO COAEpKaTh: IMOJIHOE HauMe-
HOBAaHHE 3aKOHOMEPHOCTH, €€ (OPMYJIbHOE BhIpa)KEHUE, N300paKEHUE CUCTEMHBIX CBsI3€H ydact-
BYIOIMX B HEHl BETMUMH, C YKa3aHUEM HX YCIOBHOro 0003HaueHus U pa3mepHocT B CH.

3azganue 5. C moMouIbl0 KOMIBIOTEPHOIN MpOrpaMMbl OCTapaThCsi HAUTU CUCTEMHBIE B3au-
MOCBS3M C y4aCTHEM JJIEKTPOMAarHUTHBIX BEIUYHMH, KOTOPHIE COOTBETCTBYIOT CUCTEMHBIM 3aKOHO-
MEpPHOCTSIM, HO O HMX HET MH(OpMalUN B MPUIOKEHUU K H3BecTHOMY yueOHUKY 1.B. CaBenbena.
(cimcok Qopmyn Bblmaercs mpernojaBateneM). HaiiieHHbIM B3aMMOCBsI3sIM (HE MEHee JIBYX) JaTh
MOJIXOASIIEE Ha3BaHNE, BO3MOKHOE (pU3HuecKkoe 0OBSICHEHNE U COOTBETCTBYIOIIEE MAaTEMATHYECKOE
BbIpakeHHe. [laHHbIE COOTHOILIEHUS TaK)Ke N300pa3uTh 10 npuiaraeMon popme.

ITpumepHbie HopMBI IPEACTABICHNUS HAllIEHHBIX 3aKOHOMEPHOCTEH.

Bropoit 3akoH HbloToHa B3anmocsasb cusbl n dasneHus

- m

L”T“ ) F T2) \ Loto ) p=F/S MfTI \
\ \ P -
/ ML-]T-:/
BaanMocBA3b MowHocmu U cunsl
N =Fv

\LoT° S\ LT \MLT2/"\MLT?)
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dopmMa oTYeTa MO JIAGOPATOPHOMY MPAKTHKYMY

dopma oTyeTa Mo JaOOPATOPHOMY MPAKTHUKYMY JIOJDKHA COOTBETCTBOBATH OOUICTPUHSATHIM
Ha kadenpe «Duszuka» TpeboBanusM. [IpenBapuTenbHblil OTYET, MOATOTABINBAEMBIN CTYJEHTOM 10
BBITIOJIHEHUS JTa0OPAaTOPHOTO MPAaKTHKyMa, OJKEH BKIIIOYATh: HAMMEHOBAHUE M HOMEp paloThl,
KpaTKoe HM3JIOKEHHWE WU PadOThl, OCHOBHBIC TEOPETHYECKHE CBEACHHUS IO TEME NPAKTUKyMa,
MMCBMEHHBIA OTBET HA MATHh KOHTPOJIBHBIX BOIPOCOB METOIUYKH, OJUH BapUaHT IUIAHAPHOTO H30-
Opaxenus cucreMbl ®Bu3 npuMeHUTENbHO K OJIOKY 3JIEKTPOMArHUTHBIX BEJIMYMH, 3arOTOBKH Tab-
i, TpeOdyeMbIX Mo 3agaHuio. OKOHUATEIbHBINH OTYET JOJDKEH BKJIIOYATH BBIMOJIHEHHE BCEX MyHK-
TOB 3a/laHus, 3aKJI0YEHUE WM BBIBOJBI 110 padoTe. BrIBOABI TOJIKHBI OTpa)kaTh JTOCTUKEHUE IO-

CTaBJICHHBLIX LICJICH.

Crnoco0bI U cpeAcTBa KOHTPOJISI 3HAHUM CTyIeHTa

Jlia nomycka K 1abopaTOpHOMY MPAaKTUKYMY CTYAEHT MPEAbSBISET IpPErnoaaBaTesio Mnpes-
BapUTENbHO O(OPMIIEHHBIH OTYET U AEMOHCTPUPYET 3HAHHUE TEOPUH 10 TeME MPAKTHUKyMa U METO-
JUKE €ro BBIIIOIHEHUs. B KauecTBe cpecTBa KOHTPOJIA 3HAHUN CTYIEHTOB I10 JAHHOMY IIPAKTUKYMY
MIPOBEPSETCS] yMEHHUE T0JIH30BATHCS IUIOCKUM PHCYHOUHBIM H300paxenneM cucremsl ®Bu3 (mo tu-

1y puc. 3 06e3 u3o0pakeHus CBsA3€i), a TAKKe OTBEUATh Ha CIEAYIOLINE KOHTPOJIbHBIE BOIIPOCHI.

KounTpoJsbHbIe BONPOCHI

1. /[aiite onpeneneHue clenyrOMNUX NOHATUMN: (u3NYecKash BEIMUMHA, €IUHUIA U3MEpeHUs pusun-
YECKON BEJTMYMHBI, Pa3MEPHOCTH (PU3HUUECKOU BEIIMUNHBI.

2. CdopmynupyiiTe onpeaeneHus Iis: CUCTEMbl (PU3NUECKUX BEIHYWH M CHCTEMbI €IUHUI] (PU3H-
yeckux BenuuuH. [IpuBenure npumepsl. B ueM oTinnuust 3TUX NOHATUI?

3. HazoBuTe ceMb OCHOBHBIX M JBE JOIOJHHUTEIbHBIC (DH3UYECKHE BEIMYMHBI MEKIIYHAPOIHOM
cuctembl equaull CU. Ha3zoBuTe enuHMIBI U3MEPEHUSI STUX BEJIMYMH, UX 0003HaueHus. Kak
0003HAYAIOTCSI PAa3MEPHOCTH ITUX BEIUYUH?

4. Kakue cucTeMbl eIUHUI] Ha3bIBAIOTCS ecTecTBeHHbIMH? Kakue equHuIbl GU3NYeCKUX BEIMYUH
HA3BIBAIOT TUTAHKOBCKUMH M KAaKOBO 3HAUCHUE (ITOPSJIKA) IMHUI] UX OCHOBHBIX BEIMINH?

5. B ueM npuHIMNHUAIBHOE OTIMYKME OCHOBHBIX M TTPOU3BOAHBIX (DU3UYECKUX BEITUYHH JIFOOOU CHC-
TeMbl eTMHUI]? YTo Takoe onmpenensollee ypaBHEeHUE CBSI3U?

6. HazoBute nBE OCHOBHBIC TPYMIBI, KOTOPHIE 00Pa3ylOT MeXaHHUECKHUEe (hU3HMUECKUEe BETHUUHEI.

7. Kak oTauvaroTcs 1Mo pa3MEepHOCTH MeXaHW4eckre BeauduHbl cucteMbl CH OoT comeprkamux ux

LT—pa3mMepHOCTHBIX CUCTEMHBIX JIEMEHTOB?
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8. HazoBute Tpu OCHOBHBIE I'PYMIIbl AEKTPOMArHUTHBIX (PU3NYECKUX BEJIUYMH B M3y4aeMOU cuc-
teme. Kak ommyarores mo pazMepHocTd (hru3nyeckue BeMUUrHbl 3TUX rpym (B cucreme CH) ot
conepxaiux ux LT—pa3zMepHOCTHBIX 3JIEMEHTOB?

9. Kak npou3BoauTcs MOMCK 3aKOHOMEPHOCTEH B CHCTEME pa3MEPHOCTHBIX B3aUMOCBs3eH pusnue-
CKUX BEIMYMH B OYMa)XHOM U 3JIEKTPOHHOM BapuaHTax ucnojHeHus? IIpuBenute npumeps! u3
AJIEKTpOMarHeTusMa. B Kkakux ciydasx CUCTEMHas 3aKOHOMEPHOCTh UMEET BUJ IPSMOM JINHUU?

10. Ha xakue cuCTeMHBbIE TPYIIIIbI MOXKHO pa3JeNiuTh U3BECTHbIE BaM (hu3nyeckre 3akOHOMEPHOCTH

B o0J1acTu BHGKTpOMaFHeTI/ISMa?

OueHnka BbINOJHEHUS J1a00PATOPHOT0 NMPAKTHKYMA

B cootBeTcTBUU ¢ OaTbHOM PEHTHHIOBOM cucTeMoi, neiicTByromiei Ha Kadenpe «DPuznkay,
BBHITIOJTHEHHE JTa00paTOPHOTO MPAKTHUKYyMa OLIEHWBAETCS B 3 pedTHHIOBBIX 6ajia. Mtoroas oreH-
Ka yYUTBHIBAET YPOBEHb MOATOTOBKU CTYJEHTA K BBHIIIOJIHEHHUIO IAHHOW pabOThI, KAUe€CTBO €€ BBIMOJI-
HEHMS, & TAK)KE Ka4€CTBO U CBOEBPEMEHHOCTD €€ 3alUTHI.

3a nomyck K J1a00paTopHOMY NPAKTHKYMY ero BbinosgHenue — 1 0an. IIpu orcyrecrBun

3aroToBJIEHHON (HhOPMBI OTUETA WIIM HE3HAHUM OTBETOB HA KOHTPOJIbHBIE BOIPOCH — CTYAEHT K BBI-
MIOJTHEHUIO JTa00PaTOPHOTO MPAKTHKYMa HE JOMYCKaeTCsl.

3a Oe30mmn004YHOE BHINOJTHEHUE, KadyecCTBeHHOe 0oopMIleHHe M NOHHMMAaHHe CYLecTBa
JapopaTopHoro npakrukyma — 1 6aai. Eciiu oTder umeeT ommoOKy, HEMPaBUIBHO (BKIIIOYAs!, HE-
OpexHO) OhOpPMIIEH WJIM CTYJIEHT HE MOHMMaeT CYLIeCTBa BBIOJHEHHOH paOOThl U HE CIOCOOEH
OOBSICHUTh MOJTY4YEHHBIE Pe3yibTaThl, cTaBUTCSA — () 0a/1oB. CTyAEHTY, HE BBINOJIHUBIIEMY Jlabopa-
TOPHBIN MPAKTUKYM, TPEIOCTABISETCS BOZMOKHOCTh IMOBTOPHOTO €T0 BBHITIOJHEHUS U UCIPABIICHHUS
OTYETA.

3ammra 1a00paTOPHOTo MPAaKTUKyMa MIPOBOIUTCS B (POpPME YCTHBIX BOIIPOCOB U OTBETOB 1O
JTaHHOM Teme UM TecTupoBaHus (B TeueHue 10 MuHyT 3 Bompoca; MHMH. olieHKa — () 6a/10B, Makc.
orteHka — 1 6a (TIpu STOM CTYICHTY NPEIOCTABISCTCS BO3MOXHOCTh MTPONTH MPOLEAYPY 3alUThI
MOBTOPHO). 3amuTa JadopaTOpHOTO MPAKTHKyMa CIYCTS JIBa MecCsla C MOMEHTA €ro BBIITOJIHEHUS
HE IPUHUMAETCS.

JlaGopaTOpHBI NPAaKTUKyM CUMTAETCS MOJIHOCTHIO BBIOJHEHHBIM, €CIH CTYAEHT 3alUTHI
€ro M MOJY4YHJI B CyMME He MeHee 2-X 0aJIJI0B.

CryneHThl, JONYIICHHBIEC K 3allUTe, HO He Ha0paBIlIHe YCTAHOBICHHOTO MHHUMYyMa OailioB,

MOTYT OBITH JOMYIIECHBI K TOBTOPHOM 3allIUTE B CPOKH, YCTAaHOBIICHHbIE Kaeapoii.
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CucremMHble rpynnbl Gpu3nyecKuX BeJIMYMH U UX PACNOJI0KeHHe B CHCTEMHBIX
LT — saemenTax

PazmepHocTh
No HaumenoBanwue O6o03Ha- [Pa3zMepHOCTH LC.IP.I C—TsreHl\;);({)- C;;;I:Oii?gﬁe
- ¢dbusznveckoit BenmunHbl (OB) YeHHUe ®B P P
1/ OB s CI Ta, B KOTO- | LT- s;memenra u
pbIi BXOJIUT ®B B CU
OB
JIlnHaMu4YecKHe 001me 6a30Bble BeJIHYHHbBI
1 | Dueprus W ML°T * LT
OObemMHas IIOTHOCTh DHEPTUU W MLLT2 |24
(naByenue)
3 | MouiHocTh N ML?T® LT
4 HMI;yHBC (KOJIMYECTBO JABUXKE- P MLT 2 4T3
HUA
5 | O0bemMHast IIIOTHOCTH UMITYJIbCA pp MLT? LTS
6 | Cmia MexaHuyeckas F MLT *? L*T?
7 | I3MeHeHME CHIIBI dF/dt MLT > LT
8 | BpamarenbHbIli MOMEHT CHIIBI M MLT * LT
9 | O0ObeMHAas IIOTHOCTH CHUJIBI PF MLT? LT
10 Harsoxenue (moBepXHOCTHAs f MT 2 | 374
TJIOTHOCTh SHEPTHUH)
Bekrop YMoBa-IloitnTrHra 3 345
11 S MT L°T
(n3MeHEHNe HATSHKCHSI)
12 I?i’[;e}{(l\g;a;[ﬁHHOTHOCTL p MLT 2 T4 MIL3T2=G
13 | JlaBneHue p ML T LT
14 | I'papueHT naBneHus gradp MLT LT
15 | U3MeHeHue TaBiIcHNAS dp/dt MLITS L°T>
16 | BsaskocTh guHAMHYECKas n ML IT? LT
17 | Macca (uneptHas) m M L°T?
18 | Pacxop (TOok) Macchl m/t MT ™ LT3
19 | O6beMHas MIOTHOCTH MACCHI Pm ML® T?
20 IToTok 00BEMHOM IUNIOTHOCTH i ML 2T LT3
MAaccChl
MexaHud. MOMEHT HHEPIIUU 5 5 2
21 | = Z(miri)z Im ML L°T
22 MOE/IeHT AMITYJIbCA L = mvr ML2T 5T 3
(melicTBUE aKTyaIbHOE)
IloTennuanrHOE AelicTBHUE 32 64
23 M=ES=fV I1 ML°T L°T
KunemaTnueckue o01ye 0a30BLIe BeJINYNHEI
1 | be3pasmepHas KOHCTaHTa LOT® LoT°
IIpocTpaHcTBEHHAs IPOTSKEH-
2 | L L
HOCTb (JIJTMHA) 1
3 | [lmomans S L? L?
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4 | O6beM MPOCTPAHCTBA V L® L®
5 | Bpems t T T
6 | U3meHenue o0beMa dv/dt LT LT
7 | Tlotok o6bema Vv LT LT
BsizkocTh kuHeMaTH4eckas (Ko- 21 21
8 s ounment aupdysun) v LT LT
9 | CkopocTb v LT LT
10 | Yckopenue a LT * LT
11 VYrioBast CKOpoCThb o T T
(yrioBast 4acToTa)
12 | YrioBoe yckopeHue e T T
13 | Buxpsb BpamieHus ¢ LT LT
14 | KpuBu3na npoctpaHcTBa It Lt Lt
Ba3oBble («MaTepuaJIbHbIE») JIEKTPOMArHUTHbIE BeJTMYHHBI
1 | Dnexrpuueckuit 3apsij q Tl LT
5 [ToBepXHOCTHAs TIOTHOCTH 3JICK- o4 L-2T] LT!
TPUUYECKOTO 3apsizia
3 OOBbeMHas TUIOTHOCTD s L3 T1
AIIEKTPHUYECKOTO 3apsizia
4 DNEKTPUYSCKHUNA TUTOIBHBIA MO- g LTI 4Tt
MEHT
5 | MHayKIMs 3IEeKTPUUECKOro Mmos D LTI LT
6 W3MmeHeHre HHAYKIIUU AJIEKTPHU- dD/dt L2 L T2
YECKOT'O TTOJISI
7 | Ilonsipu30BaHHOCTb AMIJIEKTPUKA P L °TI LT
8 | Cwia 3IeKTpHYECKOro TOKa I I LT ?
9 JIMHEeWHBIN TPOCTPAHCTBEHHBIH = qu L | 472
JJIEMEHT TOKa
: ) ’ St leets
10 | [I70THOCTH PIEKTPUUECKOTO TOKA J LI LT Gk
11 | MargauTHBIA JUIIOILHBIA MOMEHT Pm L%l L°T2
12 | 3mMeHeHne MarHuTHOrO MoMeHTa |  dpp/dt LAT LoT3
13 «HarpskeHHOCTBY» MarHUTHOTO H L] L 272
nioJisi (Bekrop H)
14 | Hupkymnsmus Bekropa H = I L3T 2
15 | Porop BexTopa H (rotH) L LT?
16 | HamarHW4eHHOCTh MarHeTHKa J L L°T *
17 | Hupkynsus BexTopa J = lon I L3T?
18 | Porop BexTopa J (rotJ) L LT?
Cuia mOBepXHOCTHOTO TOKA Ha-
19 | MmarHMYMBaHUS Ha €UHUILY JJIH- i LY T2
HBI
[TosieBBIE 2JIEKTPOMATHUTHBIE BeJINYHHBI
MaruauTHbIA TOTOK @; 202\ p1-1 202 EEEEEEEEEE
L (moTOKOCIIETIIeHNE) () LT M LT = ii: EEIE =
2 | I3MeHeHre MarHUTHOTO MOTOKA do/dt | LT>MI™ L°T S REEEEEEEE
= 3L 73
3 | DnexTpuyecKuii MOTEHITHAT ® LT "Ml LT EEEEEEEEEE
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T EEzzzaaa:
4 ANpDKCHHOCTD SJL. HOIA, grade L2 T3M1t LT3 EEEEEEEEENE
ANEKTPUYCCKOE HAIIPSHKCHHE EEEEEEEEEE
T
H3MeHenune 3eKTpUIecKOro 2 Ay nrl 2 EEEEBEEEEE
5 [MOTEHI[aa do/dt LTMI LT EEEEEEEEEE
BexTopHblii (MAarHUTHBIN) = = = = = = = = = =
6 P A LT M1t LT? EEEEEEEEEN
ITOTEHIHAT EEEEEEEEEE
7 HanpspkeHHOCTD 3JICKTPHYECKOTO E LT3MI LT3 = = = = = = = = = =
OIS EEEEEEEEEE
H3MmeHeHne HaNPsSHKEHHOCTH = = = = = = = = = =
8 p dE/dt LT *MI™ LT EEEEEEEEEE
AJIEKTPUUECKOTO TOJIS EEEEEEEEEE
Wupykuss MarHuTHOTO o a1l ) = = = = = = = = = =
? | nos T ! SEEEEEEEEE
EEEEEEEEEE
10 M3menenne nHayKimn dB/dt T3MIt T3 EEEEEEEEEE
MAarduTHOTI'O ITOJISI EEEEEEEEEE
) EEEEEEEEEE
11 JlMBepreHIus 1 poTOp HAIps- dive T3MI T3 SRR
KEHHOCTH JIEKTPUYECKOTO TTOJIS (rotE) EEEEEEEEEE
T
Potop uHAyKIMH MAarHUTHOTO e 2n a1 12 EEEEBEEEEE
12 o (rotB) | LT "Ml LT EEEmEmmEEE
['pynmna cTpyKTypo-cpeioBbIX 3JIEKTPOMATHUTHBIX BeJIHYHH
(I1epsoii epynnot)
1 AOcomoTHas AUAIEKTPUYECKast 50 ML T4 T2
MIPOHHUIIAEMOCTh
2 | DmekTpuveckasi eMKOCTh C ML 2T LT?
3 | Mi3sMeHeHue eMKoCTH dodt | ML2TR LT
5 ML3'I“2I‘2 =
4 JICKTPUYECKast IPOBOTUMOCTb g ML 2T LT Gk
(moTeHIMaNbHAsL, TIO ()
5 | 3MeHeHne MpoBOIUMOCTH dg/dt ML 2T2)? L
g | YAcabHaA o | MILSTR T
MIPOBOJIUMOCTH
(Bmopou epynnet)
7 AOCOIIOTHAsT MarHUTHAS it MLT2I2 L2
MIPOHUIIAEMOCTh
8 | MHIyKTUBHOCTD L ML°T °I * Lt
9 | M3meHeHne MHIYKTHBHOCTH dL/dt ML°T I LTt
10 | DnexTpuyecKoe CONPOTUBICHUE R ML*T I [ M-IL3T2P2 =
11 H3MeHeHune 3eKTprUIeCcKOro dR/dt ML2T 42 |12 G2
COITPOTHBJICHUS
12 VY ienbHOe 3IEKTPUYECKOE » ML3T 312 T1
COIPOTHBIICHUE
13 ['paguieHT 3MEeKTPUYECKOTO ) MLT 312 |27
COITPOTHBIICHUS
Otpenbnbie PB ¢ pasMepHOCTBIO, 00paTHOI pa3MepHocTH @B 0CHOBHBIX rpynn
1 | I'paBuTAIIIOHHAS TTOCTOSTHHAS G M LT * LoT° MLT°=G "
SR pE
2 | HocrosiHHasg Xomna Rx L3774t T LG_-[kl_l_
3 | IIbe30MOMyIIb ] dss M_lh_lgsl L_l;l'3 E:E:‘*‘E:QI:::!‘*;IE:E:E:
4 | ITogBM>KHOCTH HOCHTEJEH TOKA Ug M—TAI T LIS NNININNNNS




