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AHHOTanus pado4yeil NporpaMMbl JTUCHUILJINHbBI

Jucuunnnza «O0mmuil ¢pusnveckuii NPaKTUKYM» BXOJIUT B 0a30BYIO YaCTh
oOpa3oBaTenbHOM MporpaMMbl OakanaBpuaTa o HampasiaeHuio 03.03.02 du3uka.

JlucrummHa peanusyercs Ha ¢uzndeckoM (Qakynprere, Kadeapamu: oomen
u Teopetnueckoil ¢uszuku (1-4 cemecTphl) U (uU3HUECKON >MeKTpOHUKH (5,0
CEMECTPBHI).

CopnepkaHrne NHCUMIUIMHBI OXBAaThIBAET KPYT BOMNPOCOB, CBSI3aHHBIX C
NPUMEHEHUEM TEOPETHUYECKUX 3HAHMM MO Kypcy oOmed (QU3MKU K aHaauzy
KOHKPETHBIX (DU3UYECKUX CHUTyalluil, SKCIEPUMEHTAIbHO W3YYUTh OCHOBHBIE
3aKOHOMEPHOCTH, OLICHUTh NOPSAIKH HU3y4aeMbIX BEJIIMYUH, ONPEAECIUTh TOYHOCTh
Y JOCTOBEPHOCTB ITOJIYYEHHBIX PE3YJIbTATOB, @ TAKKE O3HAKOMHUTH C COBPEMEHHOMN
WU3MEPUTEIIBHOM ammapaTypod M MNPUHUUIIOM €€ JCUCTBUSA: C OCHOBHBIMH
IPUHLKAIIAMU aBTOMATHU3AlMH U KOMIIBIOTEPU3AINH IIPOLIECCOB cOOpa U 00pabOTKU
¢bu3nyeckoil MHPOPMALIMHU: C OCHOBHBIMHU 3JIEMEHTAMHU TEXHHKU O€30MaCHOCTH
IIPU NPOBEJECHUU IKCIIEPUMEHTATIBHBIX UCCIIEI0BAHMM.

Yacte 3a1a4 (PU3NYECKOrO MPAKTHKyMa MOCBSIIEHbl KOJUYECTBEHHOMY
U3YYEeHUU TeX SBJICHUH, KOTOpbIE JEMOHCTPUPOBAINCH Ha JIEKIUAX B
KaueCTBEHHOM JKcrepuMeHTte. O0miee 4uciao 3aaad (PU3MYECKOro MpakTUKyMa,
KOTOPOE€ JOJDKEH BBINOJIHUTh CTYJEHT B KaXXIOM CEMECTpE, ONpeaeisieTcs
dakynbreToM (Kadeapoi) B COOTBETCTBUU C YYEOHBIM TUIAHOM M COJIEp>KaHHEM
HACTOSIIEN NTPOrPaMMBI.

JucuunnuHa HaueneHa Ha (QOPMHpPOBAHUE CIEAYIOIIMX KOMIIETEHUUN
BBIITYCKHUKA: YHUBepcanvhvix — YK-1, obwenpogheccuonanvuvix - OIIK-1, OIIK-2,
npogheccuonanvhvix I11K-1.

[IpenosaBanve NHUCHMIUIMHBI NPEIyCMATPUBAET MPOBEIEHUE CIEAYIOIINX
BUJIOB YUE€OHBIX 3aHATUH: 1a60pamopHble 3aHAMUSL U CAMOCMOSAMENbHASL paboma.

Pabouass nmporpamma  IUCUMIUIMHBI  NPEAyCMaTpUBaeT  MPOBEICHUE
CIEYIOUMX BHUJOB KOHTPOJISI YCHEBAEMOCTH B (OpPME KOHmMpOAs meKyujeu
ycneeaemocmu — KOHMpObHAs paboma W TMPOMEKYTOUHBIA KOHTPOJIb B (popMe
3auema (1-6 cemectpax).

OO0beM nucuurauHbl 12 3a4eTHBIX €AMHUI], B TOM YHCIIE B aKaJeMUYECKHUX
yacax o BUJaM y4eOHBIX 3aHATHI

AyIUTOpHBIC 3aHATHUS
(dac.)
n/m HaumeHnoBanue TeM u Bcero CamocrosTenbHas
paznenoB (gacoB) | Jlekuuu |JIaGopa (IIpax T. pabora
TOPHBIC |3aHS TUS
paboTHI
1. |MexaHuka 72 - 70 - 2
2. |MonexynspHas du3nka 72 - 68 - 4
3. |2nexTpuuecTBo U 72 - 70 - 2
MarHeTH3M




4. |Omntuxa 72 - 68 - 4
5.  |dwusmka aToma 2 - 50 - 22
6. |®uzuka aromMHOrO S71Pa U 72 - 52 - 20
DJIEMEHTAPHBIX YaCTHII
NTOI'O: 432 - 378 - 54
Cemec Y4eOHble 3aHATHS ®opma
TP B TOM YHCJIC IPOMEKYTOUHOU
KonTakTHas pabota 00ydJaromuxcs ¢ mpernogaBaTesieM CPC, arTecTaluu
Bce U3 HUX B TOM (3auer)
ro | Jlexu | Jlabopatop | IIpaktuy | KCP | xoHCYynbT | 4HCTE
uu HBIC ECKHUe aruu IK3aM
3aHSATHUS 3aHSATHUS CH
1 72 - 70 - 2 3a4er
2 72 - 68 - 4 3a4er
3 72 - 70 - 2 3a4er
4 72 - 68 - 4 3a4eT
5 72 - 50 - 22 3a4er
6 72 - 52 - 20 3a4er




1. Ilestu ocBoOeHMSI AU CITUTLIHHBI

[enstMu 0CBOEHUS AUCHUILIMHBI «OQ0IMid PU3HMUECKN MPAKTHKY M)

SABJISIFOTCSL:

* J1aTh BO3MOKHOCTh OOYYarOMIMMCS SKCIEPUMEHTAIBHO U3YYUTh OCHOBHBIC
bu3nYecKue 3aKOHOMEPHOCTH; HAYYUTh CTYJIEHTOB OINpPEAENATh TOUHOCTh U
JIOCTOBEPHOCTh TMOJYYEHHBIX PE3YJIbTAaTOB, MNPUMEHATh TEOPETUUECKUIA
MaTepHual K aHaJIU3y KOHKPETHBIX (PU3NUYECKUX CUTYyaIlUi;

* O3HAKOMHUTBH C COBPEMEHHOW M3MEPUTEIIBHOW aIlapaTypod M NMPUHLMIAMU
€ee  JCUCTBHUS; C OCHOBHBIMH IMpPUHIMUIAMH  aBTOMAaTU3alUd U
KOMIIBIOTEpU3AlIMU  TIPOIIECCOB cOopa W 00paboTku  ¢u3mdecKon
uH(pOpMaIK; C OCHOBHBIMU DJJIEMEHTAMHM TEXHUKU OE€30MacHOCTH MpH
MPOBEJICHUN IKCIIEPUMEHTAIBHBIX UCCIICIOBAHUM;

e of0ecnieunTh MNPUOOPETEHUE TMPAKTHUUECKUX HABBIKOB 110 BBIMOJHEHUIO
7a00paTOPHBIX HU3MEPEHUM, O0O0pabdOTKE pPE3yIbTATOB JKCIEPUMEHTA U
oOpaIieHHIo C OCHOBHBIMU (PU3UYECKUMU MTPUOOpaMU;

* pa3BuTHE JIIOOO3HATEILHOCTH M HWHTEpeca OOYyYalolUXCsi K Hay4yHO-
TEXHUYECKUM U JPYTUM MPUKIATHBIM BOTIpocaM QU3UKH;

* (QopMupoBaHue KyJIbTYphl (PU3NYECKOTO MBIILICHUS;

* MOArOTOBKA K U3YYEHHIO HOBBIX Pa3/I€lIOB COBPEMEHHON (PU3HKHU.

2.Mecto nucuumuiuHbl B cTpykrype OIIOII 6akanaspuara

JlaHHas JOUCHMIUIMHA peaau3yercss B paMkax ©Oa3zoBoil yactu broka 1
(bazoBblil MOyNIb HaMpaBJIeHUs) MPOrpaMMbl OakajlaBpyuaTa U SIBJISIETCS OJHOM M3
OCHOBHBIX TUCUUIUIMH HarpasieHus noArotoBku 03.03.02 dusuka. {ucuuniavuHa
BKJIFOYAET B ceOs1 MIECTh pa3/ienioB: 4acTh 1 «MexaHuka», 4acth 2 «MoinekymspHas
busuka», yacte 3 «DIEKTPUYECTBO M MAarHeTu3mM», 4acth 4 «OnTuka», 4actb 5
«Duzuka aroMa», yacth 6 «DuU3MKa aTOMHOIO SApa U 3JIEMEHTapHBIX YaCTHUID,
KOTOpbIE U3Yy4aroTCs ¢ 1-ro 1mo 6-if ceMecTp, COOTBETCTBEHHO. YUEOHBIN MpoIecc
10 ATUM paszjienam obecrieunBaeTcs KageapaMu: oOIIel U TEOPETUIECKON HU3UKU
(1-4 cemectpbl) U (uU3HUYECKOU dIIEKTPOHUKH (5,6 cemecTphl) (U3UUIECKOTO
daxynpreta JII'Y.

Yactb 3amay  mpakTUKymMa  (JJabopaTopHble  pabOThl)  MOCBSLIEHBI
KOJIMYECTBEHHOMY H3YYEHUIO TeX SBJICHHUM, KOTOpbIE IEMOHCTPUPOBAJIUCH Ha
JIEKIUSAX B KauyeCTBEHHOM JKcrepumeHTe. OOiiee 4yucio jJabopaTopHBIX padoT,
KOTOpOE€ JIOJDKEH BBIMOJIHUTh CTYJEHT B KaXXIOM CEMECTpe, ONpeaeisieTcs
Kageapoil B COOTBETCTBUU C YYEOHBIM IUIAHOM U COJEP’KaHUEM HaCTOSILIEH
POTrPaMMBI.

Hucrunmaa «OO0muid Gu3nyeckuii MpakKTHUKyM» B HEPa3phIBHOU CBS3H C
KypcoM oO0mieil  ¢u3uKkM  mpu3BaHa ~ OOECIEYUTh  BBICOKOE  KauyeCTBO
(byHIaMeHTaIbHOM MOATOTOBKH BBIMTyCKaeMbIX CIleuanucToB. B xome yueOHOro



mpoliecca CTYIEHThI JOJDKHBI HAay4YUThCS MPABHIBHO M OCO3HAHHO MPOBOJUTH
AKCIEPUMEHTANIbHBIC  HCCIEOBaHMS, NPUOOPECTH HABBIKA OOpallieHusi ¢
U3MEPUTEITFHBIMU  TIPUOOpAMU W HW3MEPUTEIBHOW amnmapaTypod, HayIHThCS
00pabaThIBaTh SKCIIEPUMEHTAIBHBIC TAHHBIE, IPUMEHSITh TEOPETUUECKHUE 3HAHUS B
AKCIIEPUMEHTAILHON paboTe, MOHUMAas TIPU 3TOM POJIh (PU3NUECKON HIeaTu3alliH,
HAyYUTHCSI KPUTHYCCKH OCMBICIMBATH JIFOOOW IOTYYUBIIUHCS B DKCIIEPUMEHTE
pe3ynbTar.

B mno3Hanud ¢u3NUECKUX 3aKOHOMEPHOCTEH B ydeOHBIX JabopaTopusix
OO6miero  gu3MYeCKOro TMpakTUKymMa BakHa YOEXKICHHOCTh CTYyJIEHTa B
MPaBUIBHOCTH TMOJIYYaeMOTO Ha OIBbITE pe3yibTaTa. JTa YOekKJACHHOCTb JOJKHA
0a3upoBaThCsl HE TOJIBKO HA COBMAJCHUM HAWJCHHBIX 3HAYCHUH C TaOJIUYHBIMU
3HAYEHUSAMH COOTBETCTBYIONIUX (DM3MYECKUX BEIMYMH, HO U HAa YBEPEHHOCTH B
MPaBUJILHOCTH MTOCTAHOBKHU 33J]a4, METOJIOB €€ AKCIIEPUMEHTAIILHON peaan3aiuu
Y TIPOBEJICHUSIX BCEX M3MEPEHUH.

B xoxe yuyebGHOro mpouecca CTyA€HTaMU MO KaXKIOW 4YacTU IUCUHUILIUHBI
JOJDKHO ObITH BbINOJHEHO 10-18 maGoparopHbix padoT. B pamkax HacTosIIEro
Kypca nabopaTopHble paOOThl BBINOJHAIOTCS B Jiaboparopusx «MexaHukKay,
«MonekynspHas Gusnkay, « IIEKTPUUECTBO U MarHeTu3M», «OnTukay, « ATOMHas
u sanepHas ¢uzukay. CHHUCOK ACHCTBYIONIMX J1A0OPATOPHBIX PadOT MPUBENEH B
HACTOSIIEH porpaMMe, 1 OH MOXKET KOPPEKTHUPOBATHCA B KaXKJI0M Y4eOHOM rojy.
PaGora B oOmemM @u3nyeckoM MpPaKTUKyME COIMPOBOXKIAETCA OO0S3aTEIbHON
MOATOTOBKOM CTYJIEHTOB MO0 OCHOBaM TEXHHUKHU O€30TaCHOCTH.

BrimonHenne kaxmod sabopaTopHOl paboThl TpeOyeT CaMOCTOSTEIbHOU
TEOPETUUECKON MOATOTOBKU CTY/ICHTA 10 TeMe uccienoBanus. [Ipu moaroroske ot
CTYJICHTOB TIOTpEOYIOTCS 3HAHHMS OCHOB KJIACCHYECKOW (U3MKM M 0a30BBIX
MaTEeMaTUYECKUX AUCIUIUIMH (BEKTOpHAs anreOpa W aHaJIUTHYECKas TeOMETpHs,
nuddepeHnaIbHOe UM MHTErPAJIbHOE  HCUMCIICHHE), a TakKe HaBbIKU
cCaMOCTOSITeIbHOM ~ paboThl ¢  JuTepaTypou. JlaGopatopuble paboOThl TIO
3aBEpIIANIIUM Kypc pazaenaMm «ATtomHas ¢pusuka» u «dusuka aTOMHOTO sapa U
AJIEMEHTAPHBIX YacCTHUIl», U3y4aeMbIM B 5-M U 6-M ceMmecTpax, TpeOYyIOT Takxke
3HaHHWS OCHOB KBAaHTOBOW MEXaHWKHM M METOJOB MaTEeMaTHYCCKON (U3UKU
(xmaccuduKamyss KBAaHTOBBIX COCTOSIHHM, MPOCTEHUINNE 3ala4yu Jisi ypaBHEHHSI
[penunrepa, chepuyeckue GyHkimu, nmomuHoMbl Jlexxannpa, Jlareppa). Kpome
TOTO, CTYACHTBHI JODKHBI HM3YYUTh JJIEMEHTapHBIE OCHOBBI MAaTEMAaTHYECKOU
CTATUCTUKUA U MPUMEHATHh WX JIJIs1 00pabOTKU IKCIIEPUMEHTATIBHBIX PE3yJIbTaTOB.
[ToaToMy camocTosITeNTbHAsS paboTa CTYACHTOB B IIpoliecce 00yueHus npuodperaer
0co00€e 3HaUYCHHUE.

OcHOBHBIMH (OpMaMU KOHTPOJISI 3HAHWHA SIBJISIFOTCS TIPEIBAPUTCIBHBIA U
OKOHYATEJIbHBIN OTYETHI MPENOoJaBaTE/II0 MPU BHIOJIHEHUU M clade (3aruTe)
KaXJ10M J1Ta00opaToOpHOI pabOoThI, a TAKXKE 3aKIIOUUTEIIBHBIN 3a4ET MO TUCIUIUIMHE.

3. Komnerenuun ody4yarouierocsi, opmupyemsbie B pe3yJbTaTe 0CBOCHHUS
AUCHUILINHBI (MepeYeHb MJIAHUPYEMbIX Pe3yJbTAaTOB 00yUeHHUs ).



Koa u
HauMeHOBaHHe
KOMIIeTEHIIUH U3
dIOoC BO

Kon u HaumeHOBaHue
HHAUKATOPA T0CTHKEHUSI
KOMIIeTeHIUi (8
coomseemcmeuu ¢ [IOOIT
(npu Hanuuuu))

IInanupyemsble pe3yJbTaThl 00y4eHHs

YK-1. Cnocoben
OCYIIIECTBIISATh
MIOUCK, KPUTUIECKUHT
aHAJIU3 U CUHTE3
uHpopmanuu,
MPUMCHSITh
CHUCTEMHBIN TIOIXO]T
JUTSL PEIICHUS
MIOCTABJICHHBIX
3a1a4

b-YK-1.1. Ananuzupyer
3ajady, BbIIENAS ee 0a30BbIe
COCTaBJISIOLINE;

3Haer: OCHOBHEIE METOIBI
KPUTUYECKOTO aHAIN3a; METOI0JIOTHIO
CHCTEMHOTO MOIX0/a, TIPUHITUTIBI
Hay4YHOTO IMO3HAHUSI.

YMeer: npou3BOIUTh aHAIU3 SIBJICHUI U
o0OpabarbIBaTh MOJTy4YECHHBIE
pe3yNbTaThl; BBIABIATH MPOOIEMHBIC
CUTYaIliH, UCIOJIb3Ysl METOMbl aHaJN3a,
CHHTe3a W a0CTPaKTHOTO MBIIIICHUS;
HCIIOJIb30BaTh COBpEMEHHBIC
TEOPETHYCCKHUE KOHILIEIIINH u
OOBSICHUTEIIBHBIC MOJICTH TPU aHAJH3e
uHbopmanuu
Baageer: HaBBIKaMHU
aHanmu3a.

KPUTHYECKOIO

b-VK-1.2. Omnpenenser,
HUHTEPIPETUPYET u
pamkupyer  UHPOPMAIHIO,
TpeOyeMyto Uil  pelieHUus
MOCTaBJICHHOM 3aJ1a49M;

3Haer: cucreMy HH(POPMAIMOHHOTO
oOecrieueHrs HayKu U 00pa30BaHuUs;
YMeer: OCyIIECTBIATH ITOUCK PELICHUN

NpoOJeMHBIX CHUTyallud Ha OCHOBE
JNEUCTBHM, OHKCIIEPUMEHTAa M  OIBITA;
BBIICIIATH DKCIIEPUMEHTAJIbHBIE JaHHBIC,
JOTIONIHSIIOIIME ~ TEOopuio  (IPUHLIHKI
JIOTIOJTHUTEIBHOCTH).

Baapeer: OCHOBHBIMH METOJIaMH,

crocobaMM M CpPEJCTBAMHU IOJIy4EHHUS,
XpaHeHus, nepepaboTku HHpOpMaluH,
HaBBIKAMHU Pa0OThI ¢ KOMIIBIOTEPOM Kak
CPEICTBOM yIpaBieHUs1 HH(popmaImei.

b-VK-1.3. OcymecTBisier
MOMCK  MHboOpManuu A
peleHus IIOCTABJIEHHOU

3aa4yu IO pas3IM4YHbIM THUIIaM
3aIIpoCoOB

3HaeT: MeTOJIbl MOUCKA MH(POpPMALUU B

ceTu WNHurepHer; IpaBuIa
6ubnuorpadupoBaHus
WH(POPMAIIMOHHBIX HCTOYHUKOB,;
O6ubnuomeTpuyecKue U
HayKOMETPUYECKHE METOJbl aHaiu3a
MH(POPMAIIMOHHBIX TTOTOKOB

YMeer: KpUTHYECKH aHAIM3UPOBATh
MH(pOPMAIIMOHHbIE HCTOYHUKH, HAyYHbIE
TEKCTBHI; MoJTy4aTh Tpedyemyto

WHDOPMALIMIO W3 PA3NTUYHBIX THIIOB
HUCTOYHHKOB, BKJIFOYast I/IHTepHeT 158
3apy0exHYI0 TUTEPATYPY.

Baaneer: metonamu KimaccupuKauu u
OIICHKU MH()OPMAIIMOHHBIX PECYpPCOB.




b-YK-1.4. Ilpu oOpaboTke

uHpOpMaIHU OTJIMYaeT
(bakThI oT MHEHHH,
WHTEPIpPETAINH, OLICHOK,
dbopmupyer COOCTBEHHBIC
MHCHUS u CY)XJICHUS,

apryMEHTHPYET CBOHM BBIBOJIbI
U TOYKY 3pEHHSA, B TOM UYUCIIE
c HpUMEHEHUEM
¢unoco(hcKoro MOHATHIHOTO
armapara

3Haer: 0a3oBble M TPOQPECCHOHATHHO-
npopHIMPOBAHHBIE OCHOBBI
¢bunocodum, JIOTUKH, TIpaBa, IKOHOMHUKHU
Y UCTOPHH; CYITHOCTh TEOPETUYCCKON U
IKCIIEPUMEHTAIIBHOW  MHTEPIpPETalUuH
MOHSTHH; CYLLIHOCTb
OllEpAllMOHATIM3AIMYA TIOHATUH U  ee
OCHOBHBIX COCTABIISFOILUX.

Ymeer: dopmMyIHpoBaTh
HCCIIEI0BATEIbCKUE poOIEMBI;
JIOTUYECKU BBICTPaNBATh
IIOCJICIOBATENIBHYI0  COZIEPKATENbHYIO

apryMEHTalLUIO; BBIABIATH JIOTHYECKYIO
CTPYKTYpPY IIOHATHUH, CYXIECHUH U
YMO3aKJIIOUEHUH, ONIPENENATh UX BUI U
JIOTUYECKYIO0 KOPPEKTHOCTD.

Baameer:  MeTogamMM  JIOTUYECKOTO
aHaIM3a Pa3IU4HOrO pona
pacCyKICHHUW, HaBbIKAMHU  BEICHUS

JUCKYCCHU U ITOJICMUKH.

b-YK-1.5. PaccmarpuBaer u
npejaaraer BO3MOJKHBIE
BapUaHTEHI peuieHus
MIOCTABJICHHBIX 3a7a4.

3Haer: TpeOoBaHUS, NPEIBABISEMbIE K
THIIOTE3aM HAyYHOTO HCCIIEeIOBaHMUS,
BU/BI THIOTE3 (IO COJCPXKaHHIO, II0
3agadam, Mo CTETEeHU pa3paboTaHHOCTH
1 000CHOBAaHHOCTH).

Ymeer:  omnpenenate B paMKax
BBIODAaHHOTO  aNroOpUTMa  BOIPOCHI
(3amaum), moOIJIeKAIIUE JabHEUIeH
pa3paboTke M mpeanaraTb CHOCOOBbI MX
pelIeHus.

Bnageer: TexHONOruMsAMH BBIXOZA U3
MpOOJIEMHBIX ~ CHUTyallui,  HaBbIKaMU
BBIPaOOTKHU cTpaTeruu JENCTBUH;

HaBBIKAMHU CTAaTUCTHYCCKOI'O aHaJlku3a
JaHHBIX.




OIIK-1. Criocoben
PUMEHSTh
0a30Bble 3HAHUS B
obnactu (Hhu3MKO-
MaTeMaTHYCCKUX U
(um)
€CTECTBEHHBIX HAYK
B cdepe cBoei
npodeCcCuOHATBLHON
JCSITeTIbHOCTH;

OIIK-1.1.

BeissBisier u  aHANM3UpyeT
po0JIeMbl, BO3HUKAIOIINE B
xoje npodeccruoHaIbHON
JEATEIILHOCTH, OCHOBBIBASICh
Ha COBPEMEHHOW HAay4HOU
KapTHHE MHUpa

3Haert:

- (u3MKO-MaTEeMaTUYECKUN  ammapar,
HEOOXOMUMBIM I pelieHus: 3aaad
poQeCcCHOHATBHOMN eI TETLHOCTH

- TCHJICHIIUU W TIEPCIICKTUBBI PA3BUTHUS
COBpEMEHHOW  (QU3WMKH, a  TaKKe
CMEKHBIX 00J1acTell HAYKU Y TEXHUKH.
Ywmeer:

- BBUIBISITH  €CTECTBEHHOHAYYHYIO
CYITHOCTh TPOOJIEM, BO3HUKAMOIIUX B
X0/Jie TPo(heCCHOHATLHON JICATEIBHOCTH,

aHAJIN3UPOBATh u o0pabaTbIBaTh
COOTBETCTBYIOIIYIO HAYYHO-
TEXHUYIECKYIO JUTEpATypy npu
BBIIIOJIHGHMH ~ PaboT  (pU3HUYECKOro

IPAKTUKyMa C Y4E€TOM 3apyOe’KHOro
OIIBITA.

Baaneer:

- HaBbIKAMM HAaxXOJHUTb U KPUTUYECKH
aHAJIN3UPOBATh nHOPMAIIHIO,
BBISIBIISATh €CTECTBEHHOHAYYHYIO

CYITHOCTh MPOOJEM TIPU BBIIOJIHEHUU
paboT Gu3nvecKoro MpaKTUKyma.

OIIK-1.2.

Peanusyer u
COBEPIIICHCTBYET HOBBIE
METO/IbI, UJICH, TTOAXO/IbI U
QITOPUTMBI PEIICHUS
TEOPETUYECKUX U
MIPUKJIATHBIX 33/1a4 B 00JaCTH
npodeccnoHanbHOM
JESATSIILHOCTH.

3Haer:

- OCHOBHBIE TOHSTHS, HJEU, METOJHI,
MOIXOABl W QITOPUTMBI  pEIICHUS
TEOPETUYECKUX M MPUKIAJHBIX 33734 B
ob0nact (U3MKKM aTOMHOTO siApa U
3JIEMEHTAPHBIX YaCTUI;

- HOBBIE METOJIOJIOTHUECKUE MOIXOBI K
PELICHHIO 3a1a4 B obsactu
po¢eCCUOHAIBHON JIeATETHHOCTH.
Ymeer:

- peanu3oBaTh W COBEPIICHCTBOBATH
HOBbIE METOABI, WUJIEH, TMOAXOAbl H
QITOPUTMBI PEIICHUS TEOPETUYECKUX H
NPUKIAAHBIX 3a7ad TpU  BBIIOJIHEHUH
paboT pU3NYECKOro MPaKTUKyMa.
Baaneer:

- HaBBIKAMHU peanu3oBarthb u
COBEPILIEHCTBOBAaTh  HOBBIE  METOJBI,
WJCH, TTOAXOBl U ATOPUTMBI PEIICHUS
TEOPETUYECKUX U TPUKIAIHBIX 3a7a4
IIpH BBIMIOJIHEHUU paboT (U3HUECKOTO
PAKTUKyMa

OIIK-1.3.

[IpoBOoaUT KayeCTBEHHBIM U
KOJIMYECTBEHHBIN aHaJIn3
BBIOPaHHOTO METO/I0B
peleHus BBISIBJICHHOM

3Haer:

- OCHOBBI Ka4yeCTBEHHOI'O n
KOJIMYECTBEHHOTO aHaJi3a METOJIOB
pelIeHUs BBISIBICHHON IPOOJIEMBI.
YmMmeer:
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poOIeMBl, npu
HEOOXOIUMOCTH BHOCUT
HE00XO0AUMBIE KOPPEKTUBBI.

- BEIOHpATH METO]T pelieHus
BBISIBJICHHOHN MPOOJIEMBbI, TPOBOJIUTH €r0
Ka4eCTBEHHBII M KOJWUYECTBEHHBIN
aHaJIu3, MPU HEOOXOIWMOCTH BHOCHUTH
HE0OX0IUMBIC KOPPEKTUBBI JUTST
JOCTHMKEHUS ONTHUMAIILHOTO pe3ylibTara
IpU BBINOJHEHUH PabOT (U3NYECKOTrO
MPaKTUKyMa.

Baaneer:

- HaBBIKAMHU TMPOBOJUTH KAYECTBEHHBIN
U KOJMYECTBEHHBIM aHalU3 METOJOB
pEelICHUsS  BBIABICHHOW  TPOOJIEMBI,
o1ieHUBaTh 3(PPEKTUBHOCTH BEHIOPAHHOTO
METOJa TPU  BBHINOJHCHHH  PaboT
(hU3MUECKOT0 MPAKTUKYMA.

OIIK-2

Criocoben
IPOBOJTUTH
Hay4YHBIC
UCCIICIOBAHMSI
bu3nIeCKuX
00BEKTOB, CHCTEM U
MPOIIECCOB,
oOpabarbeIBaTh U
MPEJICTABIISTh
IKCIIEPUMEHTAIHHBIC
JTAaHHBIC

OIIK-2.1.

Boi6upaet win
CaMOCTOSITENIbHO
bopmynupyer Temy
UCCIIeIOBAHMs, COCTABIISET
pOrpamMMy HCCIIEJOBAHUSI.

3Hnaer:

- aKTyaJbHbIE TPOOJEMBI, OCHOBHBIC
3a7ayd, HaNpaBiIeHUs, TEHACHINA W
NEePCIEeKTHBBl  Pa3BUTHA  (PHU3UKH, a
TaK)KE CMEXKHBIX OOJIacTell Haykh W
TEXHUKH.

- TPUHIIHIIBI TUTAHUPOBAHHUS
9KCIIEPUMEHTAIBHBIX MCCIICTOBAHUI IS
pelIeHHsI TTOCTABICHHOW 33/1a4d B TIPU
BBIOJIHEHUH ~ PaboT  (PU3UYECKOTro
MPaKTUKyMa.

Ymeer:

- CaMOCTOSITETIbHO CTaBUTh KOHKPETHBIC
3aJ]a4uu Hay4HBIX MCCIIeIOBaHUM;

- paccMaTpuBaTh BO3MOYKHBIE BAPHAHTEI

peanu3anuu AKCIIEPUMEHTAIIbHBIX
HCCIEIOBaHNH, OIICHUBAS nX
JIOCTOMHCTBA M HEJOCTAaTKH.

Baapeer:

- HaBBIKAMH dbopMynupoBaTh
KOHKpGTHI:IG TCMBbI HUCCJICIOBaHUA,
MJIAHUPOBATh SKCIIEPUMEHTHI o

3aTaHHONU MeToauKe ISl A((HEKTUBHOTO
pelleHus TOCTaBICHHON 3alayd TIpU
BBINIOJTHEHUH  paboT  (uzmueckoro
MIPaKTUKyMa.

OIIK-2.2.
CaMocTosTeTbHO BEIOUpaeT
METO/IBI UCCAETOBAHMS,
pa3pabaTrbiBaeT U IPOBOJAUT
HCCIIEIOBAHUS.

3Haer:
- COBpPEMEHHBIE UHHOBAILIMOHHBIE
METOJMKH HCCICIOBAaHUM, B TOM UHCJIIC

c HCITOJIb30BaHUEM poOJIeMHO-
OpI/IeHTI/IpOBaHHBIX HpI/IKJ'Ia)IHI)IX
MIPOTrPaMMHBIX CPEJICTB.

Ymeer:

- TpejJiaraTh HOBBIE METOJbI HAy4YHBIX
WCCIICIOBAaHNH W Pa3pabOTOK, HOBBIC
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METO0JIOTHYECKHE MTOJTXOJTBI K
PEILIECHHIO IOCTABIICHHBIX 3a71ay;

- CaMOCTOSTENbHO BBIOMPATh METOJIBI
UCCIICIOBaHMS, pa3pabaTbIBaTh u
MIPOBOJIUTH HCCIIEZOBaHUS B 00JacTu
(U3NIECKOTO MPAKTUKYMa.

Baaneer:

-HaBbIKAMH CAMOCTOSITENIbHO BBIOMPATH
METOJ/Ibl HCCIICJIOBAaHUs, pa3padaThiBaTh
U TPOBOJUTH  HCCICAOBAaHUS  TIpHU
BBIIIOJIHGHMH ~ PabOT  (pU3UYECKOTO

[IPaKTUKYMA.
OIIK-2.3. 3Haer:
Amnanusupyer, - OCHOBHBIC IIPHEMBI O0pabOTKH U
WHTEPIPETUPYET, OLICHUBACT, | MPEACTABICHUS pE3yIIbTaTOB

OpeaACTaBJIACT U 3al0UIIACT
PE3YIbTATHI BBIIIOJIHCHHOT'O
HCCICOAO0BAHUA C
000CHOBaHHBIMHU BbIBOJJaMH U
PCKOMCHAAIUAMMU.

BBIIIOJIHEHHOT'O UCCIIEJOBAHUS;
- IIepeNOBOM  OTEUECTBEHHBIA U
3apyOexHBId  HAyYHBIM  ONBIT U
JOCTUKEHUS 110 TEME UCCIIEI0BAaHUSI.
Ymeer:

- HCIIOJIb30BaTh OCHOBHBIC IPHEMBI
00paboTKH, aHaNM3a | MPEICTABICHUS
9KCHEPUMEHTAIbHBIX JAHHBIX;

- (GopMynHpOBaTH U aApPTyMEHTHPOBATH
BBIBOABI M PEKOMEHJalUU o
BBITIOJTHEHHOM paboTe.

Baajgeer:

- HaBbIKaMU 00pabOTKH, aHamu3a |
UHTEpIpEeTaluy MOJYyYeHHbIX JaHHBIX C
HCIIOJIb30BaHUEM COBPEMEHHBIX
UH(POPMALIMOHHBIX TEXHOIOTUH;

- (GopMynHpOBaTH U apryMEHTHPOBAThH
BBIBOABI M pPEKOMEHJAlUU o
HCCIIEI0BATENbCKON pabote npu
BBIOJIHEHUH ~ PaboT  (PU3UYECKOTro
MPAKTHKyMa

IK-8.

Criocoben
MPOBOAUTH PabOTHI
o o0paboTke u
aHaJIN3y Hay4HO-
TEXHUYECKON
uHpopManuy,
TIPOBOJTUTH
HKCIIEPUMEHTHI U
0hOopMITATH
pe3yJbTaThL.

IK-8.1.

Crniocoben cobupars,
0o0pabaThIBaTh,
aHAJIM3UPOBATh U 0000IIATH
PE3YNbTaThI SKCIIEPUMEHTOB U
HCCIIEJOBAHUN B
COOTBETCTBYIOIIEH 00JacTH
3HaHUH, NPOBOJAUTH
AKCIIEPUMEHTHI U
HaOJIIOIEHUSI, COCTABJISATE
OTYETHI IO TeME WIIU TI0
pe3yabTaTaM MPOBECHHBIX
JKCIIEPUMEHTOB

3Haer: METOJIEI HCClIeIOBaHNH,
mpoBefieHusi, 00pabOTKM W aHajm3a
pe3yJIbTaTOB WCHIBITAHUN U H3MEPECHUM;
KpPUTEpUN BBIOOpA METOJOB W METOIUK
HCCIIEJOBaHUIA.

YmMmeer: MIPOBOJIUTH HCIIBITAHMUS,
U3MepeHus: U 00paboTKy pe3ylbTaToB,
perucTpUpoOBaTh TOKa3aHUS TPUOOPOB;
MPOBOJIUTH pacu€Thbl KPUTHUYECKU
aHAJIM3UPOBATh  pe3yJibTaThl  JIENaTh
BBIBOJIBI IO pe€3yJbTaTaM BBINOJHEHUS
paboT pU3NYECKOro NMPaKTUKyMa.
Bianeer: BRIOOPOM HCHBITATENHHOTO U
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MK-8.2.

Croco0eH NpuMeHSITh
IOJIYUYCHHBIC 3HAHUA Ha
HpPaKTUKE JUISl PELICHHS
npoeCCUOHATIBHBIX 33/au.

HU3MEPUTEIIBHOIO o0opynoBaHus,
HEOOXOANMOT0 TSt HPOBEICHUS
I/ICCHCILOBaHI/If/’I; BBIITOJIHCHUEM OLICHKH U
00paboTKM pe3yNbTaToOB HCCICAOBAHUS
IpU BBHINOJHEHUH PAOOT (PU3UIECKOTO
MPAKTUKYMA.

IIK-8.3.

Crnoco0eH noab30BaThCs
COBPEMEHHBIMU METOJaMHU
00paboTKH U aHaAMHM3a
Hay4HO-TEXHUYECKOUI
nH(OpPMaLIUU U Pe3yIbTaTOB
HCCIIEI0OBaHUI B U30paHHOM
obnactu mpodeccroHaIbHOM
JeSITeTbHOCTH

IK-8.4.

CrniocoGeH cTpouTh
MaTeMaTHYECKUE MOJICIH
(hU3HYECKUX MPOIIECCOB,
3aJaBaTh MapamMeTpsl U
MIPOBOJIUTH MOJICTTMPOBAHNE
¢dusnyeckux 3aaaq

3Haer: OCHOBBI TEOpUn
(byH/IaMEHTAIBHBIX Pa3/esioB  (HU3HKH;
OCHOBHBIC METOABI MOJIYYCHUA u
uccieoBaHus  (pU3NYEeCKuX SBJIICHUM,
NPpUMCHACMBIC B OTEYCCTBCHHOM n

3apy0eKHOM HPaKTHKE; OIIBIT
nabopaTopHBIX  pabor, TpeOoBaHUs
TEXHHUKH 0e30MacHOCTH; METOIbI

UCCIICIOBAHMS, IMIPaBWIa H  YCJIOBHS
BBIIIOJIHEHHUSI ~ pabOT,  TEXHUYECKUX
pacdeToB, OG(OpPMIICHUS TMOIy4aeMBbIX
pE3yJIbTaTOB.

YMeThb: COCTaBIsATh OOIMMIA  TUIaH
UCCIICIOBAaHUST W JICTAIBHBIC IUIAHBI
OTICIBHBIX  CTaauil, MOJICIHUPOBATH
OCHOBHBIC  IPOIECCH  MPEICTOSIICTO
WCCIICIOBaHHS;, BLIOUPATh ONTHMAJIbHBIC
METO/IbI HCCIIC/IOBAHUS;

Baaners: HaBBIKAMU BbIOOpa
OKCICPUMEHTAJIbHBIX M pacyeTHO-
TEOPETUYECKHX  METOJIOB  PEIICHUS
MOCTABJICHHON  3aJaud  HUCXOId U3
UMCIOIIIUXCS MaTepUaATbHBIX u
BPEMEHHBIX PECYPCOB IPH BHITIOJIHEHUN
paboT GU3NYECKOTO MPAKTHUKYMa.

4. O0beM, CTPYKTYpPA U COJiepPsKaHue JUCHHUIJINHBI.
4.1. O6beM TUCHMIIMHBI cocTaBisieT 12 3aueTHbIX enuuul], 432 akageMHYECKHUX

qacCoB.

4.2. CTpyKTypa IACLUIUINHBI.

Pasznea 1. Mexanuka

Ne 8 &3 Buasbl yueOHbIX 3aHATHI, @DopMBbI TEKYLIETO
n/ n Pasnen o | B =3 BKJII0Yasl CAMOCTOSITE/IbHYI0  |KOHTPOJISA ycIle-
AUCHUILTHHBI S |2 E-: padoTy o0y4aromuxcsi u BaeMOCTH
S |8 g5 TPYA0EMKOCTD (B 4acax)
3 = g % ayAnuTOpHbIE yueo- Camocrosi-
% o3 Hble 3aHATHA TeJIbHAs
T |Bcero |mpakTH- |;1a0opa- |pabora
YyecKue TOpHBIE |00y4aro-
3aHATHSL  |3aHATHS | IIAXCH
Moayas 1.
1 Omnpenenenue 1 ‘ 1 ‘ 6 6 KourtposbHbie
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YCKOpEHUs BOIIPOCHI, 3aIATa
CBOOOJIHOTO pabor.
NaICHUS C
TIOMOIIIBIO
YHHBEPCATHHOTO
MasiTHUKA
N3yuenue 2-3 6 6 KonTtponbuble
JIBUKCHHUS BOIIPOCHI, 3aIATa
MAasiTHUKA pabor.
Makcaeia
N3yuenue cui 4 6 6 KontponbHbie
CyXOTro TPEHHS BOIIPOCHI, 3aIATa

pabor.
W3yueHne 3aKOHOB 5-6 6 6 KourposbHbie
JTUHAMUKA BOIIPOCHI, 3AIIUTA
BpAaIaTeIbHOTO pabor.
JIBUKCHHUS Ha
KpecTooOpazHOM
MmasitHuke O0epOeka
Onpenenenue 7-8 6 6 KoHTponsHbIe
YCKOpEHUue BOIIPOCHI, 3aIATa
¢BOOOIHOTO paboT.
naJIeHUus Ha
MamuHe ATByaa
Onpenenenue 9 6 6 KouTposbHbie
MOMEHTa UHEPILIUU BOIIPOCHI, 3AUTA
TEll C TIOMOIIBIO pabor.
KPYTUIILHOTO
MasiTHUKa
Hmozeo no mooynio 36 36
1:

Monyas 2

W3zyuenue 10 6 6 KontpomnbHsle
COOCTBEHHBIX BOIIPOCHI, 3aI[UTa
KoJieOaHmit pabor.
COCPENOTOUYECHHOM
CUCTEMBI
Onpenenenne 11-12 6 6 KouTposbHbie
CKOPOCTH 3BYKa BOIIPOCHI, 3ALIUTA
METOJ0M CTOSUECH pabor.
BOJTHBI
Ornpenenenue 13-14 6 6 KouTposbHbie
moayis FOnra u3 BOMPOCHI, 3aI[UTa
pacTsDKEHU U pabor.
u3ruda
Onpenenenue 15 6 6 KouTposbHbie
koadurmenta BOIPOCHI, 3aIUTa
Ilyaccona u pabor.
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nepuoia OueHuu
Onpenenenue 1 [16-17 6 6 KouTtposnbHbie
CKOPOCTH IOJIETA BOIIPOCHI, 3alllUTa
IIyJIM C IOMOMLIBIO pabor.
0aJIIMCTUYECKOT O
MasiTHHKA
Uccnenosanue 1 18 6 4 2 KontponbHbie
YIPYIrux u BOIIPOCHI, 3alluTa
HEYIIPYIUX pabor.
CTOJIKHOBEHUI
1apoB
Hmozo no mooynio 36 34 2
2:
HUTOro: 72 70 2 3auer
Pazgea I 1. MoJsiekyasipaas ¢pusuka
Buabl yueOHoit ®opmMBbI TEKYyLIET0
Pa3nennbl u TemMbl padoThl, BKJIIOYAs E KOHTPOJIA
Ne AMCHMIITTMHBI o CaAMOCTOSITEJIbHYIO < ycreBaeMocTH (no
n/n = padoTy CTYIeHTOB 1 :" Helenam cemecmpa)
g § TPYA0EMKOCTH (B g ®opma )
) 9 yacax) = MPOMEKYTOYHOM
é E § z = 8 E aTTecTaluu (no
= S | €5 22| S cemecmpam)
= | 5| £E| 2 £ 8
=l = 25
= = ] = S =
2|32 S 323
S| & " 3 =<8
==
Mopyns 1. [Ipeamer monekynsipHoit pusznku. CTaTUCTUYECKHI TOIXOT
1 | BBoxuoe 3ansitue 4 VYeruei onpoc,
2 Onpenenenue 2 1 4 MPOBEPKA JOMAIITHETO
Kod(huUIMeHTa 3alaHus,
BA3KOCTH BO31yXa CaMOCTOATCIIbHAs
KaIUJUIPHBIM METOIOM paboTa, KOHTPOJIbHAS
paboTa, KOHTPOJIBHbIE
3 Onpenenenne 2 2 6 BOTIPOCHI, 3aIKTa padoT.
Koa(huUIMeHTa
TCIUIONPOBOAHOCTH
METOAOM HarpeToﬁ
HUTHU
4 OmpeneneHue 2 3 4
ko3 Punmenrta
B3auMHOH  nuddy3un
BO3AyXa HW  BOAAHOIO
napa
5 Onpenenenne 2 4 6
OTHOLICHUA
TEIJIOEMKOCTEN
BO3/AyXa npu
IHOCTOAHHOM JOaBJICHUU
u o0beme
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Ilonyuyenue u
U3MEpPEHHE  BBICOKOTO
BaKyyma

orpeJieieHue
TETTOEMKOCTH TBEPIBIX
Ten

7-8

Hmoeo no mooymo 1:

Bsoanoe 3anstue

OrnpeneneHyue TEIUIOTHI
napooOpa30BaHUs BOJIbI

Onpenenenue
WU3MEHEHUSI  DHTPOIHHU
NpY  HAarpeBaHHU W
TUTaBJICHUH OJIOBA

OnpeneneHue
MOJSIPHOH  Macchl H
TUIOTHOCTH rasa
METOJIOM OTKauKH

13

OnpezneneHue CKpbITOM
TEIUIOTEI
KpuCTaJUIU3allun u
TUIABJICHUH BELIECTBA

15

OnpeneneHue
TEPMOANHAMUYCCKOI'O
ko3 Pumenrta
JaBJICHUS] C IIOMOUIBIO
ra3oBOro TepMOMeTpa

16

N3mepenue

ko3 Purmenrta
MOBEPXHOCTHOT'O
HaATAXCHUA

17

YceTHBIN onpoc,
MIPOBEPKA JOMAILIHETO
3aJ1aHus,
CaMOCTOATEIIbHAS
pabora,

KOHTPOJILHBIC BOIIPOCHI,
3amuTa padoT.

Hmoeo no mooynio 2:

34

N

HUTOIO:

68

Pazgen I11. Diaekr

H4Y€¢CTBO U MAarHeTU3M

n/ n

Pa3zgen nucUnINHLI

CemecTp

Henensn

ceMecTpa

Oomasn
Tpyao-
EéMKOCTH
(uac.)

Buanl
BKJIIOYAsI
pabdory

Y4eOHBIX

3aHATHIA,
CaMOCTOSAITEJIbLHYIO
U |BaeMOCTH

odyyawuuxcs
TPYAOEMKOCTD (B 4acax)

Dopmbl
KOHTPOJIsI

TEKYIIEro
ycre-

ayIuTOpPHbIE

yueo-

HbIC 3aHATHA

BCero

NMpPaKkTH-
yeckHne
3aHATHS

Jabopa-
TOpPHbBIE
3aHATHSHA

Camocros-

TeJbHast
pa6ora
o0yuaio-
IHXCS

DIIeKTpOMarHUTHEIE
Kose0aHus
JIByXITPOBOIHOM
JIMHUH

B

1-2

6

KontposnbHbie
BOIIPOCHI,
paboThI

3aIuTa

N3yueHne MOUIHOCTH

MEPEeMEHHOTO TOKa
casura ¢as
TOKOM

u

MEXAY

)51

3-4

KontposbHbie
BOTIPOCHI,
paboTsI

3almuTa
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HanpsHKeHUEM C
MIOMOIIBIO BATTMETPA
3 Ornpenenenue 5-6 6 6 KoHTposbHbIe
TOpU3OHTANILHON BOIIPOCHI, 3amuTa
COCTaBJISIIOLICH paGOTEI
BEKTOpa  HMHAYKUIUH
MarHUTHOTO OISt
3emsn
4 |M3yueHue  ABIEHUS 7 6 6 KonTponbHbie
pe3oHaHca BOIIPOCHI, 3aImTa
HanpsDKEHUH B paboTsl
3JIEKTPUYECKOM LIENH
5 |Ompenenenue 8 6 6 Kontponbusie
YIEIBHOTO 3apsza BOIIPOCHI, 3aImTa
paboThI
6 |Uzyuenue 9 6 6 KonTponbHbie
ko3 Punmenta BOTIPOCHI, 3amuTa
CaMOUHIYKIIHH u paboThI
E€MKOCTH
KOHJICHCATOPA.
IIpoBepka 3akoHa
Oma
Hmoeo no mooynio 36 36
1:
MonayJasb 2
7  |Uzyuenue 10 6 4 KonTponbubie
3NEKTPOCTATUIECKOTO BOTIPOCHI, 3aImTa
TOJIst paboTHI
8 |Uzyuenue 11-12 6 6 KonTponbubie
MarHUTHOTO OIS BOIIPOCHI, 3ammra
coyleHou/1a c paboThI
NOMOIIBIO  JaT4UKa
Xomna
8 |TepMoaneKkTH4ECTBO. 12-13 6 6 KonTponbHbIe
O dexr 3ecOeka BOIIPOCHI, 3amuTa
paboTHI
10 |H3yuenue 14-15 6 6 KonTponbHbIe
TEPMOpPE3UCTOPOB BOIIPOCHI, 3aImuTa
paboTHI
11 |OmnpenencHue 16-17 6 6 KonTponbHbIe
YaCTOTHI IPH OMOIIN BOIIPOCHI, 3aImuTa
¢buryp Jluccaxy paboThI
12 |OmnpeneneHue TOUYKH 18 6 6 KonTponbHbie
Kropu BOIIPOCHI, 3almTa
paboThI
Hmoeo no mooyuo 36 34
2:
HUTOro: 72 70 3ader
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Pa3zgen IV. Onruka

Ne Paznen 8 &3 Buasbl yueOHbIX 3aHATHI, @opMBbI TEKYIIETO
n/n AUCHMILTUHBI E‘ § E 3 BKJIIOYAsI CAMOCTOATEIBHYIO KOHTPOJIS ycIie-
S z = 2 padoTy ody4yarommxcs u BaeMOCTH
8 : § g TPYA0EMKOCTb (B Yacax)
5 S ; aynuTopHble yued- | Camocrosn-
5 |O® HbI€ 3aHTHSI TeabHast
= Bcero | NpakTu- | Jabopa- padora
YyecKHe | TOpPHbIe | 00y4aro-
3aHATHSL | 3aHATHS | IIuXcst
Moayas 1
1 |®orosrnerpudeckuit 4 1 6 4 2 KoHntponbHbIe
ad ekt BOIIPOCBHI, 3aIATa
paboTHI
2 |Uzydenue sBeHus 4 2 6 4 KonTponsHbIe
HOJISIPU3AIY CBETA B BOITPOCHI, 3aII[HTa
napaJuIeNIbHbIX JIydax paboTHI
3 |Omnpenenenue 1uHbl | 4 3 6 4 KonTponbuele
CBETOBOI BOJIHEI C BOIIPOCL, 3aILIUTA
MOMOIIBI0 OUTIPU3MBI PaBOTH
Dpenens
4 |M3y4yeHune 30HHOH 4 4 4 4 KonrtponbHbie
TUTACTHHKA BOTIPOCHI, 3aIUTa
paboThI
5 |M3ydyeHus npuHImna 4 5 6 6 KonTponbuble
paboTsI 1a3epa BOTIPOCHI, 3aIUTa
HEeIpepbIBHOTO paboThI
JlelcTBUS
6 |KorepentHocts cBeta| 4 | 6-7 4 6 KonTponbHbie
BOIIPOCHI, 3aIUTa
paboThI
7 |OcHoBbI pedpak- 4 | 89 4 6 KonrtponbHbie
TOMETPHH BOIIPOCHI, 3aIIMUTA
paboThI
Hmoeo no mooynio 36 34 2
1:
Moayas 2
8 |Ompenenenue 4 10 6 6 KonTtponbHbIe
KOHICHTPaln! BOIIPOCHI, 3aIIUTa
MEJTHOr0 Kyropoca H paGoTHI
MOCTOSIHHOH IJIaHKa
Ha OCHOBE
WCCIIEIOBAaHUSI.
SBnenus
MIOTJIOIICHHUSI CBETA B
BOJIHBIX pacTBOpax
9 |Bpamienue miockoctu| 4 | 11 6 6 KouTtposnbHbie
NOJISIpU3alMY CBETa B BOIIPOCEL, 3aLIUTa
MarHUTHOM T0JIe paGOTHI
10 |Ompenencuue 4 | 12 6 6 KouTtposbHbie
KaqcCTa BOTIPOCHI, 3aIUTa
MIOBEPXHOCTH C paGOTEI
MIOMOIIBI0
nHTephepomeTpa

JInaHnKa
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11 |Usyuenue 4 113-14 6 6 KouTtposnbHbie
TpafynpOBKH BOIIPOCHI, 3allUTa
MOHOXpomaropa ¥ M- 60THI
2 ¥ CHATHE CIIEKTpa pabo
U3ITyYCHUS JTAMITbI
HaKaJMBaHHs

12 |M3yuyenune 4 |15-16 6 4 2 KOHTpONIbLHEIE
€CTECTBEHHOTO BOTIPOCH, 3AIUTA
BpAIlICHHS TTIOCKOCTH paGoTEI
HOJISIPU3AIHU

13 |M3ydeHue 3aKOHOB 4 17 6 6 - KOHTpOIbHBIE
TETJIOBOTO M3JTy4CHHS BOTIPOCH, 3AIUTA

paboThI
Hmoeo no mooynio 36 34 2
2:
HUTOIO: 72 68 4 3auer
Pazgen V. ®u3uka atroma
Ne p 8 &3 Buabl yueOHbIX 3aHATHI, ®opMBI TEKYILIETO
azzen a | B = S
n/ n 5 |3 23 BKJIIOYAsl CAMOCTOSITETLHYIO KOHTPOJIA ycrie-
AMCHHILTHHBI E E Z padoTty odyyaromuxcs U BaA€MOCTH
3 S g § TPYA0EMKOCTh (B 4acax)
5 E ; aynuTopHble yued- |Camocros-
5 Q3 Hbl€e 3aHATHS TeJIbHas
= Bcero | MpakTu- | Jgadopa- | pabora
YyecKue TOpHBIE | 00y4aio-
3aHATHS | 3aHATHS | IIHXCH
Moayas 1
1 |H3yuenwue cnekTpa 5 | 1-2 8 6 2 KonTponbHbie
pTyTH BOIIPOCHI, 3aIUTa
paboThI
2 |H3yuenue cnektpa 5 | 34 8 6 2 KonTponbubie
BOJIOpOJA BOIIPOCHI, 3aIUTa
paboThI
3 |Uccnenosanue 5 5-7 10 6 4 KontponbHbie
CIIEKTpa MOTJIOLICHUSI BOIIPOCHI, 3aIlUTa
Kpacureneii ¢ paBoTHI
HOMOIIEI0 hoTomeTpa
4 |Onpenenenue 5 89 10 8 2 KouTposbHbIe
MOTEHIHATIOB BOIIPOCHI, 3aIUTa
BO30YXA€HUS (OTIBITHI paboTe
Opanka u 'epua)
Hmozo no mooynio 36 26 10
1:
Monyas 2
5 [Onpenenenne 5 | 1012 12 8 4 KonTponbabie
SHEPrHU BOIIPOCHI, 3alUTa
JIUCCOLIUAITTI paboTsI
MOJIEKYJIbI Ho/ia
6 [I[IpoBepka 3akoHa 5 [1315 12 8 4 KonTponbHbIe
OiHImTeHHA BOIIPOCHI, 3al11Ta
paboThI
7 |Omnpenenenue 5 |1618 12 8 4 Kontponbusie
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o (porornemenTa

HOTEHIHAIOB BOIIPOCHI, 3alUTa
MOHH3ALMH MHEPTHBIX paboThI
ra30B C TIOMOIIBIO
ocimutorpada
Hmoeo no mooynio 36 24 12
2:
HUTOIO: 72 50 22 3aver
Pa3ne.11 VI. ®u3nka aToMHOI0 siipa U 3JICMCHTAPHBIX YaCcTHUIl
Ne Pasien o &9 Bunbl yueOHBIX 3aHATHH,
n/ m 3 §§ BKJII0Yasl CAMOCTOATEILHYIO DopMbI TEKYLIET0
JAMCIUILIMHBI o § B padoTty o0yyarouuxcs u KOHTPOJIs1 ycie-
§ = 5 g TPYA0E€MKOCTb (B Yacax) BaeMOCTH
Z |z g ; ayauTopuble yued- | Camocros-
(@) 5 o o HbI€ 3aHATHA TeJabHasd
) Bcero | mpakTu- | jaGopa- | Padora
= yeckne | TopHbie | ©0yuaio-
3aHATHS | 3aHATHSA muxcs
Moayasb 1

1 Onpenenenne 1-3 10 6 4 Kontponbusie
SHEPrHUH M CPEIHEro BOIIPOCHI, 3aI[UTa
npobera 4yactui, B pabor.

BO3JyXe

2 [epecueTnoe 4-6 10 8 2 Kontponbusie
ycTpoicTBO THIA b- BOIIPOCHI, 3alUTa
2. pabor.

3 Onpenenenne 7 8 6 2 Kontponbhbie
BEepxXHeW TpaHulbl f3 BOTIPOCHI, 3aIllUTa
CIIeKTpa pabor.

4 W3mepenne mepuona 8-9 8 6 2 Kontponbusie
nosypacnaja BOITIPOCHI IO MOJTYJTIO

4, 3amuTa paboT
Hmozco no mooynio 36 26 10
1:
Moayas 2

5 OmnpeneneHue JUTHHBI 1013 10 8 2 KonTposbHbIe
npobera a 4acTUIBI B BOIIPOCHI, 3aIUTa
BO3/1yXe pabor.

6 OcobeHHocTH 1415| 10 6 4 KonTtposbHble
paccesiHust BOIIPOCHI, 3aIHTa
3JIEKTPOHOB Ha pabor.
aromax (ombIT
Pam3ayapa)

7 Omnpenenenue 16 8 6 2 KoHnTposbHbIe
yIEIBHOM BOIIPOCHI, 3alUTa
pedpakium MOJIEKYJT pabor.

8 Omnpenenenne 17 8 6 2 KonTtpossHbIe
CIIEKTPAILHOM BOIIPOCHI, 3alUTa
YyBCTBUTEIHHOCTH pabor.
HOJTYTIPOBOAHUKOBOT
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Hmozo no mooynio 36 26 10
2:
HUTOIO: 72 52 20 3aver

4.3. Coaep:kaHue QMCHUILIMHBL, CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3aeaam).

ConepkaHue Kaxaoro pasjeia MOoApOOHO ONMHWCAHO B HW3JaHHBIX Marepuajiax
qucuuIIHbl "OOmmit  Gu3uYecKuid MpakTUKyM", T/Ae€ TOApPOOHO K Kakaon padote
MPUBEICHBI 1IEJIM U 3aJa4d JTA0OpaTOPHBIX pabOT U MPAKTUUYECKUX 3aHATHM, OMUCAHUE
HCCIIEAYEeMBIX TPOIECCOB M SBJICHHM, HEOOXOAMUMBIN TEOPETHUYECCKUN ammapar Uil UX

dHaJIn3a,

UCIOJIb3yeMOe TMpPU HU3MEpPEHUsAX 000pyaoBaHuUE,

HCO6XO,Z[I/IMBIe OTallbl

U3MEpPEHUH, KOHTPOJIbHbIE BOMPOCHI JUIsl TOATOTOBKH K 3aIIUTE PaboT.

4.3.1. Codeprcanue 1eKyuOHHBIX 3AHAMUN NO OUCHUUNTIUHE.
(HE IPETYCMOTPEHO YIEOHBIM IIIIAHOM)

4.3.2. Codepirrcanue nadopamopHvlx 3aHAMUIL NO OUCUUNTIUHE

Conepxxanne pa3aesioB ITMCUMILVIMHBI HA puMepe pasaena I1.

MouiekyJisipHasi pu3HKa

Ne u HazBanus
pa3aesioB U TeM

Ieas 1 copep:kanue
JadopaTopHoii padoThI

Pe3yabrarbl
JabopaTopHoi padboThI

Moayas 1

JlabopaTopnas padora Nel.
Onpenenenne ko3P duiineHTa
BSI3KOCTH BO3]lyXa KalWJUIIPHBIM
METOJIOM

W3y4yeHne BHYTpEHHETO
TPEHMsI — BA3KOCTU BO3/yXa,
KaK OJJHOTO U3 SIBJICHUI
IIepeHoca B razax

YuHCIeHHO BBIUUCINUTD
BSI3KOCTB BO3/IyXa B
nabopaTopuu

JlabopaTopnasi padora Ne2.

Onpenenenne ko3P duiinenTa
TEIUIONPOBOAHOCTH METOAOM

HarpeToi HUTH.

I/IzyquI/Ie TCIIOIIPOBOAHOCTHU
BO31yXa KaK OAHOI'o U3
SIBIICHUI MEpCeHOCA BO3ayXa

Haiti yncnennoe 3HaueHue
TEIUIONPOBOJHOCTH BO3/1yXa B
nabopaTopuu

JlabopaTopnasi padora Ne3.
Onpenenenne ko3P duiireHTa
B3auMHON U dy3uu Bo3nyxa u
BOJISTHOTO TTapa.

Nzyuenne nuddy3un kak
OJIHOTO U3 SIBJICHHUI MepeHoca

BriBo pacueTHOl opMyIbI
JUISL OIIPEIeIICHUS
Kod(duUIMeHTa B3aUMHON
mud¢ysun. Haiitn uncnenHoe
3Ha4YeHue kodpduimenrta
B3aUMHOU AUPPYy3HH.

JlabopaTopnasi padora Ne4,
Ornpenenenrie OTHOIIECHUS
TEIJIOEMKOCTEN BO3/lyXa MPU
MOCTOSIHHOM JJaBJIEHUH U 00bEMeE.

OnpeneneHrie OTHOLICHUS

C

—_P
/4 C,

BriBectu popmyiny anis
ONpeJIeTIeHUs Y U BBIUUCIUTD
IKCTIEPUMEHTAIIBHO.

JlabopaTopnasi padora NeS.
[Tonyuenue u u3MepeHue
BBICOKOT'O BaKyyMma.

W3y4auth puHIHAIT paObOTHI
BaKyyMHOU YCTaHOBKH
(popBakyymHOI U

G y3noHHON) 1 TPUOOPOB
IUTSL U3Y4SHHSI BaKyyMa

IMomyants Bakyym ~10™
MM.pT.CcT. OnpeaenuTb
CKOpPOCTh OTKAYKH
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JlabopaTopnasi paGora Ne6.
OnpezneneHue TENI0EMKOCTH
TBEPABIX TEI.

OrnpesenieHne TerI0eMKOCTH
00pa3IoB METaIoOB
KOJIOPUMETPUICCKUM METO0M

BeiBectu dopmymy amst
9KCIIEPUMEHTAILHOTO
OIpezieNICHUs TEMIOEMKOCTH
TT u s3KCIEpUMEHTAIBHO
HAWTH 3aBUCUMOCTh
TEIIOEMKOCTH OT
TEeMITepaTyphl

Moayas 2

JlaGoparopHasi padora Ne7.
OrnipezenieHre TeTIOThI
napooOpa3oBaHUs BOJIBL.

Onpenenenue yaeabHOU U
MOJISIPHOM TEIUIOTHI
mapooOpa3oBaHUs BOJIbI

BeiBecTn 0cHOBHYIO pabouyro
(hopMyITy, HCIIOTB3yEMYIO B
JTAHHOM paboTe M BHIYUCIIUTH
TEIJIOTY TapooOpa3oBaHuUs
BOJIbI U HACBIIIEHHOTO Iapa

JladbopaTopnasi padora Ne8.
Omnpenenenyue n3MEHEHUs
SHTPOIIMU IIpHU HArpCBaHUHU U
TUIABJICHUHU OJIOBA.

O3HaKOMJICHUE C TIOHATHEM
SHTPOIIUHU

N3meputs n3MEHEHU
SHTPOIUH NIPU YBEIUYEHUHN
TeMIlepaTypbl. BeiBectu
pacyeTHyro popmyny
n3MeHeHus AS 1 00BSICHUTB.

JlaboparopHasi padora Ne9.
Omnpenenenne MoJIIPHONW Macchl U
IUIOTHOCTH T'a3a METOI0M
OTKAa4YKH.

O3HaKOMJIEHHE C METOJIOM
OIpEeIEICHUS MOJISIPHON
MaccChl U IUIOTHOCTH Ta3a

BeiBectu pacuernyro popmyiy
JUTS OTIPENENIEHUS MOJIIPHON
Macchbl METOJOM B3BELIMBaHU

JladopaTopnas padora Nel(.
Omnpenenenue CKPhITO TETIOThI
KpucCTallIn3allvi 1 IJIaBJICHUN
BEIIIECTBA.

O3HAaKOMHUTBCS C
OIPEIEICHUEM YIETIbHON
CKPBITOM TEITOTHI
KPUCTAJUTU3ALINN

BriBectu popmyny usmepenus
YAEIBHON OTKPBITON TEIIOTHI
KPUCTAJUIM3ALMHN U BBIYUCIUTH
3Ty BEJIMUYUHY JUIS 0JIOBA

JlabopaTopnas padora Nell.
Onpenenenue
TEPMOIMHAMHYECKOTO
KoddduIMeHTa 1aBIeHUS C
MIOMOIIIBIO Ta30BOTO TEPMOMETPA

Omnpenenenne TEPMUIECKOTO
koa¢dulrenHTa naBIeHus U
a0COIOTHON TeMIepaTyphl
TasIIero JbAa

Brisectu popmyny s
OIIpEeAEIEHUSI TEPMUYECKOTO
ko3¢ duLreHTa 1aBIeHUs pu
110001 TemnepaType Ha 3TOM
OCHOBAaHUH HaNTH
abCOJIIOTHYIO TEMIIEpaTypy
TAIOIIErO JIbJA.

JlabopaTopnasi paGora Nel2.
N3mepenne koddurinenta
MIOBEPXHOCTHOT'O HATSYKEHUS.

W3mepenue koa¢puimenra
MMOBEPXHOCTHOTO HATSKEHUS
KHUJIKOCTU

Hatitu s)xuakocTth ¢
HauMEHBIINM K03 (HULIHEHTOM
MTOBEPXHOCTHOT'O HATSKEHUS.

5. O0pa3oBaTe/ibHbIE TEXHOJIOTHHU
B mpomuecce usydenuss muctmrmuimHbl « OOl QU3NYECKUii TPaAKTUKYM»
UCITIOJIB3YIOTCS CIIEIYIONIE METOAbl 00y4YeHUS M (POPMBI OpraHU3aAIUN 3aHATHI:

e J1a0OpaTOPHBIC 3aHIATHS, HA KOTOPHIX 0OCYKIAIOTCSI OCHOBHBIE MPOOIIEMBI,
BBITIOJTHSAEMBIX PabOT, MPOBOASITCS OMPOCHI IO KOHTPOJILHBIM BOIIPOCAM H
MIOPSIICOM BBITIOJTHEHUS J1a0OpPaTOPHBIX PabOT, MPOBEPSIOTCS PE3yIbTaThI
(TabnMuHbBIE JAHHBIE, BEIBOIBI) 110 MIPOJICIAHHON paboTe;

® KOHCYJbTalMs IIPEno aBaTers;
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® camocTofATeNbHas paldoTa CTYACHTOB, KOTOpas BKIIOYA€T OCBOCHHE
TEOPETHYECKOr0 Marepuaia, MOArOTOBKY K BBIINOJHEHUIO SKCIIEPUMEHTa
Mo PU3NIECKOMY MPAKTUKYMY .

[Ipu peamuzammu mporpamMmbl  «OOmMA  QU3MUECKU  MPAKTUKYM»
UCITIOJIB3YIOTCS ClIeIyIolre 00pa30BaTeNbHbIE TEXHOIOTUU:

e BHeayauTOpHass pabota B ¢opMe 00s3aTeTbHBIX KOHCYJIbTAMN U

UHAVBUIYAbHBIX 3aHSATUN CO CTyACHTaMH (IIOMOIIb B MOHUMAHUU TeEX
WIM UHBIX METOJIOB HCCIEIOBaHUS MaTepuaioB, 00pabOTKe pe3yibTaToB
bu3UYECKOro KCIepuMeHTa u T.]1.).

Kypc mocTpoeH Ha TpHUHLMIAX CHCTEMHOTO TMOAXO0Aa K  OTOOpY
IPOrpaMMHOr0 Marepuana U ONPENETECHUIO0 MOCIEAOBATEIIBHOCTA €r0 U3YYeHUS
CTYJE€HTaMH, 4YTO MPEAYyCMATPUBAET TIIyOOKOE H3Y4YEHHE IMPEAMETOB 3a CYET
oObeauHEeHusT  3aHATHM B OJOKM, T.e.  pealu3yercd  TEXHOJIOTHS
KOHLIEHTPUPOBAHHOTO 00y4yeHus. [l KOHTpOJs YCBOEHHMS MPOrPAMMHOIO
MaTepuana Y4YUTBIBA€TCS pabdoTa CTYAEHTOB Ha JIa0OpAaTOPHBIX 3aHATHUAX
(pe3yabpTaThl YCTHOTO OINpPOCA, BBHITOJIHEHHE SKCHEPUMEHTAIIBHOM 4acTH padoThI,
00paboTKa pe3ylbTaToOB U OTYET O PE3YJIbTATaM).

Ji BBINOJTHEHUS (PU3UYECKOTO MPAKTUKYMa M3/IaHbl y4eOHO-METOANYECKHE
nocobusi U pa3pabOTKU MO Kypcy oOmei (u3uku, KOTOpble B COUYETAaHUU C
BHEAYJIUTOPHOM  paboOTON  CHOCOOCTBYIOT  (POPMUPOBAHUIO UM PA3BUTHUS
po¢eCCHOHAILHBIX HABBIKOB 00 YYaIOIINXCS.

B pamkax nabopamoprozo npakmukyma UCTOJIb3YETCS YMEHUE CTYACHTOB
MPOU3BOAUTH PACUYEThl C MOMOUIBIO CPEICTB BBIYMCIUTENBHON TEXHUKH. IDTO
MO3BOJISIET CYIIECTBEHHO NPHUOJIM3UTh YPOBEHb CTAaTUCTHUYECKOW KYJIbTYpbI
00pabOTKH pe3yabTaTOB U3MEPEHUI B MPAKTHKYME K COBPEMEHHBIM CTaHAApTaM,
NPUHATHIM B HAayKe M MPOU3BOACTBEHHON neaTrenbHOCTH. Ha 3Tux 3aHATHAX
CTYIEHTHI ye Ha | kypce nmpuoOpeTaroT onbIT o01meHus: ¢ 9BM u ucnosib30BaHus
CTaTUCTUYECKUX  METOJOB  OOpabOTKH  pe3yibTaTOB  HAOMIOJEHUN, 4YTO
COBEpPILIEHHO HEOoOXOoAMMO Juisi palboThl B  CHEHHAIBHBIX YYEOHBIX U
IPOU3BOCTBEHHBIX JJa0OPATOPHUSIX.

JUis 1M1l ¢ OrpaHMYEHHBIMM BO3MOXXHOCTSIMH 370pPOBbS M HWHBAJIHMJIOB
yueOHbIE 3aHSITHS OPraHU3YIOTCA C YYETOM HWHIAMBUAYAIbHBIX BO3MOXKHOCTEH
00y4aeMbIX — C MPUMEHEHUEM JHUCTAaHIIMOHHBIX 00pa30BaTENIbHBIX TEXHOJIOTHI U
CPEICTB yIAJEHHOTO JIOCTYIA, C MPOBEACHUEM KOHCYJIbTAUUMH B MHTEPAKTHBHOM
pexume on-line (Skype) m (Wwim) mo >IEeKTpOHHOW ToduTe, ¢ obecrneueHueM
AJIIEKTPOHHBIMU  00pa30BaTENbHBIMU pecypcamMu  (3JIEKTPOHHBIMU MOCOOUSIMU,
MPE3ECHTALUSAMH ).

6. YueOHO-MeTOAMUYECKOE 00ecneyeHre CaMOCTOATEeIbHON PadoThI CTYICHTOB.

CryneHTaM TPEIOCTaBISETCS PAa3AaTOYHBI  MaTepual: METOIUYECKOe
nocoOue u JUTepaTypa MO BBHIMNOJHEHUIO Ja0OpPAaTOPHBIX PabOT, METOIUYECKOE
nocoOue TOATOTOBICHHOE COTPYIHUKAMH, YKa3aHHOE B JIOTIOJIHUTEIILHON
JauTeparype.
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Y4eOHO-MeTOAMYECKUIT KOMIUIEKC MO JUCIUIUIMHE, Pa3MEUICHHBIN Ha caiite
dakynbTeTa.
[Ipy m3ydeHum Kypca B paMKaxX CaMOCTOSTEIBHON pabOThI MCIOJIB3YHOTCS:
CaMOCTOSITEIbHOE OCBOCHHE OT/IEJIBHBIX BOIIPOCOB TEOPETHUECKOTO Kypca.
[TpumepHoOe pacnpesieieHne BPEMEHH CaMOCTOSITENIbHOM pabOThI CTY/IECHTOB

Ne N IIpumepHas
Bua camocrosiTeqibHOI padoThI .
nn TPYAOEMKOCTb, Y.
Texymasa CPC

1. Pabora ¢ 1eKIIMOHHBIM MaTepHUaIoM, ¢ yueOHOM! IUTepaTypoi 4

2. Ornepexaromiasi caMOCTOsITeNIbHasE pabota (M3ydyeHHWe HOBOTO 4
MaTepuaia 0 ero U3JI0KEeHUs Ha 3aHATHUSX)

3. CaMmocTosTeIbHOE HW3yY€HHE pa3[eNioB  AMCHUIUIMHBL  C 4
HCIIOJIb30BaHUEM PEKOMEHIYEeMOU TUTepaTyphl

4, [ToaroToBka K J1aOOpaTOPHBIM 3aHATHIM 2

5. Pemenne pacdeTHBIX 3a7a4 110 TeMaM J1abopaTOpPHBIX padboT 4

6. Brimmonnenue pedepara mo oTAEIbHBIM pa3/iesiaM JUCIUITITUHBI 4

1. Hoxnan, cooOmieHue 10 MPEACTaBICHUIO  MOJIYYSHHBIX 4
pe3yIbTaTOB peleHus orpeAeNeHHOM y4eOHO-
MCCIIEI0BATENIBCKON WIIM HAYYHON TEMBI

8. [IpencraBienue cTyaeHTOM HapaOOTaHHON HH(pOpMaANMU IO 4

3a/laHHOM TeMaTuke (mpe3eHTanus)

Ne | TBopueckasi npodemHo-opuenTupoBannass CPC IIpumepnas

10| TPYAOEMKOCTb, Y.

1 | IlouckoBass yueOHO-UCCIENOBaTENbCKasl  JEATEIBHOCT  C 2
HCIIOJIb30BaHUEM COBPEMEHHBIX MH(GOPMaIIMOHHBIX
TEXHOJIOTUH

2 | OBnameHWe METOJaMHU pEIICHHS TPOOIEMHBIX CHUTYaIHid, 2
COOTBETCTBYIOIMX AKTYaJbHBIM 33/1a4aM HAYKU U IPAKTUKH

3 | IHHOBalIMOHHBIE TEXHOJIOTUH, TNpeoOpa3yloIIue XapakTep 2
00y4eHHs B OTHOIIEHUHU 11E€JIEBON OpUEHTAINH

4 | [IpuMeHeHHe COBPEMEHHBIX METOJUYECKUX TMOJIXOJO0B H 2

MH(OPMALIMOHHBIX CPEJCTB AJI HUCIOJIb30BaHUS B y4yeOHO- U
Hay4HO-TIOMCKOBOM JESATEIBHOCTH CTYICHTOB

5 | Ilpumenenue uWH(OPMALMOHHO-TEXHOJIOITMUECKUX  CPEJICTB, 2
KOTOPBIE OyayT  HCIIOJIB30BAThCS B OpraHu3aluu
CaMOCTOSITENIbHOM J1eATeIbHOCTH CTYIEHTOB

6 | Ucnons3oBath POOIEMHO-OPUEHTUPOBAHHYIO CUCTEMY 2
NOOaBIEHHBIX  3HAaHUW W YMEHHMH, KOMIIO3UIIMOHHBIE
JIEMOHCTpaIMU (PU3NYECKUX IKCIIEPUMEHTOB

[Touck, u3yyeHue u npe3eHTalus HtHPopMaIiu 1no Gu3nke 2
3JIEMEHTApHBIX MPOIIECCOB B IJIa3Me I'a30BOTO pa3psijia, aHAIN3
7 HAyYHBIX MyOJMKAIUHA 110 3aJaHHON TeMe
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AHaM3 JUTEpPaTYpHBIX MJaHHBIX 10 COAEp)KaHUIO padoT 2
du3nyeckoro HpaKTHKyMa, BBITIOJIHEHUE pacdéros,
8 | cocraBieHue cxem U MoJielieil Ha OCHOBE COOPAHHBIX TaHHBIX
OOpaboTka pe3yabTaTOB MCCIEAOBAHHUSA 110 BBITOJHEHHON 2
9 | pabore c mpumeHeHneM coBpeMeHHbIX MKT.
Hroro CPC: 48
Hmozosvtit  kommpons. 3auetr B 1-6 cemecTtpax, BKIIOYAIOMINNA

IIPOBEPKY TEOPETUYECKUX 3HAHUM U YMEHHE DPEIICHUS MO BCEMY NPOUIECHHOMY
Marepuaiy.

Coaep:xanue 1 00beM CaMOCTOATEIbHOM PA00THI CTYACHTOB

Ne HaumeHnoBanme pa3aesa TUCHUNIMHBI ®opma Kon- | ®opma xoHTpOIA
n/n CaMOCTOSITeJIbHOH | BO BbINOJIHEHHU S
padoThbl 4acoB | CaMOCTOSITeJbHOM
padoThI

1 2 3 4 5

1. MexaHuka. ITonroroska 2 Ompoc,
ConepxaHre 3aKOHOB COXPAaHEHUS M UX POjb B|IOIMycKa KOHTPOJIbHAS
npupope. W3omupoBanHas cucrema. 3akoH|mabopaTopHoi pabora,
COXpaHEHUs UMITyJibca. PaboTa cuiibl. pabore MUCHbMEHHOE
3aKOH COXpaHEHHsS] MEXAaHUYECKOM SHepruu. JIoMalIllHee
3aKOHBI COXpPaHEHHs MPU CTOJKHOBEHHUSX. 3aKOH 3aJaHue.
TsroteHuss Hprorona. Cuna TspkecTd. Y CKOpeHUe
CBOOOJHOTO MaJCHUSL.
3aBHCHUMOCTb YCKOPEHUS CBOOOIHOTO MTAaJICHUS OT
BBICOTBI HaJ| YpOBHEM Mopsi. Bec Tena.
3aBUCHMOCTH Beca TeJla OT IHUPOTHl MECTHOCTH.

2. | Moaekynsipuas ¢uznka u TepMoauHammuka.|Iloaroroska 4 |Omnpoc,
VYpaBHeHHE BpamaTeabHO ABMKEHHS TBEPIOIO|IOIyCKa KOHTPOJIbHAS
Teqa. Moment wuHepuuu. CBOOOAHBIE  OCH|1a00paTOpHOM pabora,
BpalicHus, TJIaBHBIC MOMCHTBI HHEPpUHU. pa60Te IIUCBbMEHHOC
Brluncnenne MOMEHTa HWHEPLUHMH OTHOCHUTENIBHO JoMallHee
JIAHHOM OCH. 3a/1aHUeE.

Teopema Illreiinepa. Ilomarne o TeH30pE
MOMEHTa UHEPLIHH.

KoneGarenpHprii  mporiecc. CoOCTBEHHBIE U
BEIHYXKJICHHBbIe KonieOaHus. Koiebanus ¢ omHoi
cTeneHbo cB00Oabl. PUNUECKUI U NPYKUHHBIN
MasITHUKU. YpaBHEHHE COOCTBEHHBIX KOJICOAHHH.

3. |DaeKTpUYECTBO H MAarHETH3M. [ToaroroBka 2 [Ompoc,
3akon Kynona. D1eKkTpocTaTHIecKoe mosie. JIOTTyCKa KOHTPOJILHAS
HanpskeHHOCTB 3IeKTPOCTaTHUECKOrO MO Kak  |1abopaTopHoi pabora,
€ro CHJIOBasl XapaKTepUCTHKA. pabote MUCBMEHHOE
[IpuHuun cynepno3uuuu. JIOMAIIIHEE
[IpoBomHMKE B  3JEKTPOCTATUYECKOM  IIOJIE. 3a/laHue.
ONEeKTPOEMKOCTh TMPOBOJAHMKA, DIEKTPOEMKOCTb
CHUCTCMbI IPOBOJAHUKOB, KOHACHCATOPEI.
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OnTuka.

DneKTpoMarHuTHas npupoaa cBeTa.
OnemeHTapHas ontrka. HemoHOXpoMaTHueckoe u
XaoTHYecKoe  M3iyueHue. PacmpocTtpaHeHue,
MpeJoMIICHHE U OTPaKEHHE CBETa B M30TPOMHBIX
cpenax. Jlucmepcuss W TOIJIOLICHHWE CBETA.
I'eomerpuueckass  onThuka W IpocTeHIIne
ontuueckue npubopel. WHTEepdepenuus caera.
Wntepdepenuns npu Oenom cBete. BpemenHnas u
IIPOCTPAHCTBEHHAS KOTE€PEHTHOCTH.
HuTepdepomerp ®dabpu - ITepo.
Wntepdepennunonnsie GpunbTpsl. MHTEphepeHms
ceera. udppakums. OcHOBB  rojorpadud.
PacnpoctpaneHue cBeTa B aHM30TPOIHBIX CPeax.
OnTHuka aHM30TPONMHBIX cped. Paccesnue caera.
3akon Poanes. Paccesnme MannensmramMa —
bpunntosna. I'enepanus CBETA.
OKcIepuMEeHTAIbHBIE 3aKOHBI W3ITy4CHUS
abcomoTHO 4epHoro Tena. Jlazeprl. Henunelinsle
spieHust B onrtuke. Dortosddekr u  ero
PUMECHEHHUSI.

IToaroroeka
JIOTTyCKa
nmabopaTopHOit
pabote

Ompoc,
KOHTPOJIbHAS
pabora,
MMICHEMEHHOE
JIOMalIIHee
3a7aHue.

®usuka aToma.

OKClepUMEHTaJIbHbIE CBEACHHA O BOJHOBBIX H
KBAHTOBBIX CBOMCTBaX H3IY4YEHHUS U BEILECTBA.
Mogens aroma TomcoHa. Mopens aroma
Pesepdopna. CaoiicTBa anb(a-yacTu,.
Okcnepument Pesepdopna. Teopus paccesHus
anba-yactul. 3aKOHOMEPHOCTH B  aTOMHBIX
cnektpax. lloctynmatsr bopa. Ompir ®panka u
I'epua.  Ilpupoma  CHEKTpaibHBIX  TEPMOB.
Crektpel  meno4Hslx  MeTtamwioB.  lllupuna
cnekrpanbHblx  JuHuUM.  [lpunnun  Ilaymm.
Pacmipenienenre 3MeKTPOHOB MO IHEPTETUUYECKUM
ypOBHSIM  atoma. PeHTreHoBCKHE  CHEKTpBI.
MounekynspHble CIEKTpPBl. DJIEMEHTHI KBaHTOBOM
mexanuku. lunoresa pe-bpoisia. BonHoBbIE
CBOIWCTBa BellecTBa. BonHoBas (QyHKuus, ee
CBOICTBA. YpaBHeHus Ipenunrepa.
CooTtHomeHus HEOIPeeNICHHOCTE.
OnnomepHble 3amaun: CBOOOJHOE JBIDKEHUE
YacTHULbI; MNPSAMOYTroibHasg sMa. TyHHENbHBIN
s dexr. [Tpunnmn [aymnu.

IToaroroska
JIOITyCcKa
nabopaTopHOU
pabore
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Ompoc,
KOHTPOJIbHAS
paborta,
MMHCHMEHHOE
JIoMaIlHee
3aJaHue.
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6. |PuU3MKa AaTOMHOIO SIAPA U 3JIeMEHTAPHBIX [ToaroroBka 20 |Ompoc,
YaCTHIL JOITyCcKa K KOHTPOJIbHAS
OcHOBBI (DM3UKH aTOMHOTO siApa. Mojens aroma|1adbopaTopHOM pabora,
Tomcona. Mogaens atoma Pesepdopma. CroiicTa|padote MMUCHbMEHHOE
o - gacTuIl. DKcrepuMeHT Pesepdopaa. ATomHOE JIOMaIllHee
saapo. CoctaB B xapakTepucTuku. JledexT macchl 3aJaHHe.

U DHEpPrusi CBiI3U  sjapa. SlnepHbIe  CHIIBL
PaanoakTHBHOCTE. 3akoH  PaJMOaKTHBHOTO

npeBpanicHus. PaguoakTuBHBIA pacman. o, [
pacnagpl. CrIIOHTaHHOE [EJIEHHE TSDKEIbIX SAep.
Snepuble peakuuu. JleneHue spep. ‘nepHsii
cunte3. TepmosnepHas peakius. DIeMeHTapHbIe
YaCTHIIBI. Knaccugukaums 3JIEMEHTapHBIX
gacTul. DyHIaMEHTANbHBIE B3aUMOJEHCTBHSL.
UYactuuel v antuyactuiel. KBapku.

Hroro: 48

Y4eOHO-MeTOAMYECKOE  O00ECleUeHHEe  CaMOCTOSATENbHOM  paboThl IO
OTACJIBHBIM pas3fenaM JIUCHUIUIMHBL YKa3aHO B OIIMCAHUAX K BBIIIOJHECHUIO
nabopatopHbix paboT. IlepedeHb OCHOBHOW U JIOMOJHUTEIBLHON Yy4eOHOMU
JUTEPATYphl MO OTIEIBHBIM pazjaenaM oOmeld (u3uku, HEeoOXOaUMON i
OCBOCHMS JUCIIUILIVHBI 1aH B MyHKTE 8.

7. DOHA OLEHOYHBIX CPEeACTB /s IPOBEJACHUS TEeKYyLIero KOHTPOJs
yCIIEBAE€MOCTH, IPOMEXKYTOYHOM ATTECTAIMH IO HUTOraM OCBOCHHUA
AUCHMILTHHBI.

7.1. TlepeueHb KOMIETEHIUI C YKa3aHUEM ATanoB MX (OPMHUPOBAHHUS B IpOILIECCE
OCBOEHUS 00pa30BaTEIbLHON TPOrPAMMBI.

[lepeueHp KOMIETEHLMH C yKa3aHMEM 3TanoB MX (OpMHpOBaHHUS MPHUBEACH B
ONKCaHUU 00pa30BaATEIbHON MPOrPAMMBI.

Kon u Kon u HaumeHnoBaHue IInanupyembie pe3yJbTaThl IIpouenypa
HAUMeEHOBaHUe HHIHKATOPA 00y4yeHHs OCBOEHH
KOMIeTeHIHH AOCTUKEHH S
u3z ®IrocC BO KOMIIeTeHIUi (8

coomeemcmeauu ¢

1100II (npu nanuuuu))
VK-1. b-YK-1.1. 3Haer: OCHOBHEIC MeToAbl | YV CTHBIH
Cnocoben AHanmu3upyeT 3amady, | KpUTHIECKOTO aHaIn3a; ompoc
OCYIIECTBIISATh | BBIENSIST €€ 0a30BbIe | METOJOJOTHIO CHUCTEMHOTO
TIOUCK, COCTaBJISIONTHE; MOJX0JIa, TPHHIMIBI  HAYYHOTO
KPUTHYECKHH MO3HAHUSI.
aHau3 " YMeeT:  TPOW3BOIUTH  aHAIIN3
CUHTE3 SIBIICHUI " o0pabaTkIBaTh
uH(pOpMAaInH, MTOJTY9ICHHBIC PE3yIbTaTHL;
MPUMEHSITh BBISIBJISITH MPOOJIEMHBIC CUTYaIlUH,
CUCTEMHBIT WCTIONIB3YSl ~ METOJbI  aHaJW3a,
MOJIXOJT ISt CUHTE3a u abCcTpakTHOTO
peneHus MBIIIUICHYS, UCIIOJIb30BATh
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IIOCTAaBJIEHHBIX
3aJa4

COBpPEMEHHBIE TEOPETUYECKHE
KOHLEMIUU ¥  OOBSCHHUTEIBHBIC
MOJIENIY TIPY aHaJIN3e MH(OpMAIIH
Biiageer: HaBbIKAMU KPUTHYECKOTO
aHaJIM3A.

b-YK-1.2. Onpenenser, | 3naer: CUCTEMY
UHTEPIPETUPYET U | ”HPOPMALIMOHHOTO  OOECTIeUeHHS
pPaHXUpyeT HayKu ¥ 00pa30BaHus;
UH(OpMaLHIO, YMmeer:  oCyHIECTBJIATH  IOMCK
TpedyeMyo JUIs | pelieHUH NpOOJIEMHBIX CUTYaIHil
peueHust Ha OCHOBE JIEUCTBUN,
IIOCTaBJICHHOM 3alauy; | HKCIIEPUMEHTA U OIIbITa; BBLACIATD
9KCIIEPUMEHTAJIbHBIE JaHHbIE,
JIOMOJIHSAIOIINE TEOPUIO (TIPUHLIUI
JIOTIOJTHUTEIBHOCTH).
Buiajeer: OCHOBHBIMH METOAAMH,
crocobamu u CpeacTBaMu
HOJIy4eHus, XpaHeHus,
nepepaboTKu uHpopMaIuu,
HaBBIKaAMU pabOThI C KOMITBIOTEPOM
KaK CPEJICTBOM yIpaBJIeHUs
uHdopmaruen.
b-YK-1.3. 3Haer: METO/IbI MOMCKa
OcymiecTBisieT NOUCK | MHGopMauuu B ceTd MHTepHer;
uH(popMalun JUIsl | IpaBuia 6ubanorpadupoBaHus
peleHus UH(POPMALIMOHHBIX ~ MCTOYHHUKOB,
MOCTaBJIEHHOW 3a7auu | OMOIMOMETpUYECKHE u
[0 Pa3IMYHbIM THIIAM | HAYKOMETPHUYECKHE METO/IbI
3aIpoCcoB aHanu3a MH(}OPMaIMOHHBIX
IIOTOKOB
Ymeer: KPUTHYECKHU

aHAJTM3UPOBaTh HH(GOPMAIIMOHHBIE
HUCTOYHHUKU, HAay4YHBIC TCKCTHI,
MONTy4aTh TpeOyemyro
WH(OPMAIIHIO U3 PA3IUYHBIX THIIOB
WCTOYHUKOB, BKJItOUasi IHTEpHET U

3apyOexHYI0 JTUTEPaATYpYy.
Baapeert: METOAaMU
KJIacCU(pUKAITII " OIIEHKH

MH(POPMAITMOHHBIX PECYPCOB.
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Bb-YK-1.4.
00paboTke
UHPOpPMALIUK OTIMYAET
bakTel OT MHEHUH,
UHTEpIIpETaLUi,
OLICHOK, ¢dbopmupyer
CcOOCTBEHHBIE MHEHHUS U
CYXJIeHUS,
apryMEeHTHUPYET  CBOU
BBIBOABI M TOYKY
3peHus, B TOM 4HUCIE C
PUMEHEHUEM
dunocodckoro
MOHATUIHOTO amnmnapara

[Ipu

3Haer: 0a3oBbIe u
npodeCCHOHAIBHO-
npoduIupoBaHHbIC OCHOBBI
¢dunmocopum,  JTOTHKH, npasa,
SKOHOMHKHU W HCTOPHUH; CYIIHOCTH
TEOPETUYECKOMN 31
IKCIEPUMEHTATBHOM
HMHTEPIPETAIAH MTOHSTHIA;
CYIIHOCTb OTepalMoOHaTH3aIuN
MOHSTUI u ee OCHOBHBIX
COCTABJISFOIIHX.

YmMmeer: (dbopmynHpoBaTh
UCCIICIOBATEIILCKUE pOOJIEMBI;
JIOTUYECKH BBICTPaNBaTh
HIOCJIEIOBATEIbHYIO

COAEPKATENBHYIO APTYMEHTAIUIO;
BBISIBJISITh JIOTUYECKYIO CTPYKTYPY
TTOHSTHH, CYXKJICHUH "
YMO3aKJIIOUEHUM, ONpeAeniarTh uX
BHUJI U JIOTUYECKYIO KOPPEKTHOCTb.
Buaageer: MeTomaMH JOTHYECKOTO
aHajau3a pa3IuYHOTO pona
pacCyKJI€HUW, HAaBBIKAMHM BEJICHUS
JIMCKYCCUU U TTOJIEMHKH.

b-YK-1.5.
PaccmarpuBaer u
npeajiaraeT

BO3MOJXHBIC BapHUaHThI
perieHus

IIOCTAaBJICHHBIX 3aJa4.

3Haer: TpeboBaHus,
NpeabsBIsIEMble K THUIOTE3aM
HAYy4YHOTO HCCIIEIOBaHMs, BUJbI
runote3 (1Mo  COJEp)KaHHIO, TIO
3aaydam, o CTETeHH
pa3paboTaHHOCTH u
000CHOBaHHOCTH).

Ymeer: omnpenensTe B paMKax

BBIOPAHHOTO aJrOPUTMa BOIPOCHI
(3amaunm), TOJIeKAIITHE
JIENIN: (920187 pa3paboTke 5
IpeaaaraTtb CocoObl UX PELIeHUS.
Baageer: TexHONOrMSIMM BBIXOJA
n3 POOJIEMHBIX CUTYaLN,
HaBBIKAMHU BBIPAOOTKU CTPATErHH
TIEWCTBHIA; HaBBIKAMH
CTaTHCTUYECKOIO aHAJIN3a JAHHBIX.
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OIIK-1.
Cnocoben
MPUMCHSITh
0a30BbIC
3HAHUS B
obnactu
bu3uKo-
MaTeMaTHYECKU
X # (W)
€CTECTBCHHBIX
HayK B cdepe
CBOEH
npodeccruoHalb
HOH
JESITEIIbHOCTH;

OIIK-1.1.

BeisiBiisier u
aHAJIN3UPYET
po0JIEMBI,
BO3HHUKAIOIIUE B XOJI€
npohecCHOHATLHOM
JESITeIIbHOCTH,
OCHOBBIBAsICh Ha
COBPEMEHHON Hay4yHOU
KapTUHE MHUpa

3Haer:

- (bU3MKO-MaTeMaTUIECKHUI
anmapar, HeoOXOAUMBIN I
pereHus 3a1a4

npodeccnoHaABHOMN IeATEeIPHOCTH
- TEHACHUUU M  TIEPCIEKTHUBHI
pa3BUTHs COBPEMEHHOU (u3ukm, a
TaKXKe CMEXHBIX 00JIacTell HayKH U
TEXHUKH.

Ymeer:

- BBIABISITH €CTECTBEHHOHAYYHYIO
CYIIHOCTh MPO00JIeM, BO3HUKAIOLTUX
B X0J1Ie npodeCcCUOHATBHOM
NeSITeIbHOCTH, aHAJTM3UPOBATh U
o0pabaThiBaTh COOTBETCTBYIOIIYIO
HAYYHO-TEXHUYECKYIO JIHTEpaTypy
B 00JaCTH (PU3MKU aTOMHOTO Spa
¥ DJIEMEHTApHBIX YacTHUI] C YYETOM
3apy0eIKHOTO OIIBITA.

Baapgeer:

- HaBBIKAMH HaXOJHUTh H
KpI/ITI/I‘-IeCKI/I aHaJII/I3I/Ip0BaTI)
uHdopmaruto, BBISIBJIATD
€CTECTBEHHOHAYYHYIO  CYIIHOCTb

npoOjeM IMpH BBIIOJIHEHUU PaboOT
(hM3MYECKOT0 NPAKTUKYMA.

Y CTHBIN
onpoc

OIIK-1.2.

Peanmusyer n
COBEpIIICHCTBYET HOBBIE
METOMBI, UJICH,
MOJIXOJIbI U ATOPUTMBI
pewenus
TEOPETUYECKHUX U
MPUKJIAAHBIX 3a1a4 B
obnactu
npodecCHOHATIbHON
JESITEIbHOCTH.

3Haer:

- OCHOBHBIC IIOHATHA, naeu,
METO/bI, MOAXOAbl M AJITOPUTMbI
peICHUA TCOPECTUYCCKUX n
HPUKIIaJIHBIX 3a1a4 npu
BBINIOJTHEHUH paboOT (U3NYECKOTO
PaKTUKYMa,

- HOBBIE  METOJIOJIOTHYECKHE
HOJIXO/Abl K PEUIeHHI0 3a7ad B
oOnactu npodeccroHanbHOI
NesITeIbHOCTH.

Ymeer:

- peanu3oBathb u

COBCPUICHCTBOBATHE HOBBIC MCTO/IBI,

UJEeH, TOAXOABl W  aJITOPUTMBI
pEeICHUA TCOPETUICCKUX n
MIPUKJIaHBIX 3a1a4y pu
BBINIOJTHEHUH PabOT (U3NYECKOTO
MPAaKTUKyMa.

Baaneer:

- HaBbIKAMU  pE€aIu30BaTh W

COBEPIIIEHCTBOBATh HOBBIE METO/IHI,
UIew, TOAXOABl U  ajIrOPUTMBI
pelieHus TEOPETUUECKHIX u
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MIPUKJIATHBIX 3a/1a4 npu
BBITIOJIHEHHH PaldO0T (PU3MUECKOTO
MPaKTUKyMa.

OIIK-1.3.

[IpoBoauT
KadyeCTBEHHBIN u
KOJIMYECTBECHHBIHN
aHaIu3 BBIOPAHHOTO
METOJIOB perieHus
BBISIBJICHHOM
po0JIEMBlI,
HE00OXO0OUMOCTH
BHOCUT HEOOXOJIUMBbIE
KOPPEKTHUBHI.

pu

3naer:

- OCHOBBI  Ka4eCTBEHHOTO U
KOJIMYECTBEHHOTO aHaiau3a
METOZOB PEIICHUS]  BBISBICHHOMN
POOJIEMBI.

Ymeer:

- BbIOUpaTh penieHus
BBISIBJICHHOU po0JIEMBI,
IPOBOJIUTh €r0 KAYECTBEHHBIA H
KOJMYECTBEHHBIN  aHanu3, TIpH
HEOOXOIUMOCTH BHOCHUTH
HEOOXOANMBIE KOPPEKTHBBI A
JOCTH>KEHUS ONTUMAJIBHOTO
pe3yiapTaTa  NpPU  BBINOJHEHUU
paboT Gu3nvYecKoro MpaKTUKyma.
Baaneer:

- HaBBIKAMU MIPOBOJIUTH
KAQUEeCTBEHHBI M KOJIMYECTBECHHBIN
aHalIM3  METOJIOB peuieHus
BBISIBJICHHOMN po0OJIeMBl,
OIICHUBATH 3¢ (HEeKTHBHOCTH
BBIOpaHHOTO MeToaa npu
BBINIOJTHEHUH paboOT (U3NYECKOTrO
MPaKTUKYMA.

METO/I

OIIK-2
Cnocoben
TIPOBOJTUTH
Hay4YHBIC
WCCIICIOBAHUS
bu3HIECKUX
00BEKTOB,
CUCTEM U
MPOLIECCOB,
o0pabaThiBaTh
U TIPEJICTABIIATh
IKCIIEPUMEHTA
bHBIC JaHHBIC

OIIK-2.1.

Boi6upaet unun
CaMOCTOSITENIBHO
bopMynupyer Temy
UCCIIEIOBaHMS,
COCTABIISIET MPOTPAMMY
UCCIIEIOBaHMUS.

3Haer:

- aKTyaJbHBbIC npo0JIeMBl,
OCHOBHBIE€ 3aJ]auM, HAMpaBIICHUS,
TCHICHITUN u MEePCIIEKTUBBI
pa3BuTus  (QU3MKK, a  TaKKe
CMEXHBIX 00jacTel Hayku H
TEXHHKU.

- TIPUHIIUATIBI TUTAHUPOBAHMS
SKCNHEPUMEHTAIBHBIX
HUCCIIEIOBAaHUN TUIA peLeHus
MOCTaBJICHHOM 3a7a49M1 npu
BBITIOJTHEHUH PabOT (U3NYECKOTO
MPaKTUKyMa.
YmMmeer:

- CaMOCTOSTEIIBHO
KOHKPETHBIE  3aJa4yu
HCCIEIOBAHNM;

- paccMmaTpuBaTh
BapUaHThI
SKCMIEPUMEHTAIbHBIX
HCCIIEOBAHUMH, OIleHUBas ux
JIOCTOMHCTBA U HEJIOCTATKH.
Baaneer:

CTaBHUTb
HAayYHBIX

BO3MOYKHbBIE
peanu3anum

Y CcTHBIN
Ompoc
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- HaBblKaMH  (pOpPMYyITUpPOBATH
KOHKDETHBIE TEMBbI HUCCIIECIOBAHMS,
IJIAHUPOBATh  DKCIIEPUMEHTHI 110

3aJlaHHOM METOJIUKE TUISt
3¢ heKTHBHOTO petieHus
IIOCTaBJICHHON 3a71a4u npu
BBITIOJIHEHHH PabO0T (PU3MUECKOTO
MPaKTUKyMa.
OIIK-2.2. 3Haert:
CamMocTosATeNbHO - COBpPEMEHHbIE HWHHOBAIIMOHHBIE
BBIOMPAET METO/IbI METOAMKH HCCIEOBaHUH, B TOM
UCCIIEIOBAHMS, quclie c HCIIOJIb30BaHUEM
pa3pabatbIBaeT u poOJIEeMHO-OpPUEHTHPOBAHHBIX
MIPOBOJUT MPUKIIATHBIX MIPOrPaMMHBIX
UCCJIEIOBAHMUSL. CPEICTB.
Ymeer:
- TpeanaraTb HOBBIE  METOJBI
HAyYHBIX UCCIeI0OBaHU I u
pa3paboToK, HOBBIC
METOJOJIOTUYECKUE  MOAXOIBI K
PELIEHHUIO NTOCTaBJIEHHBIX 33]1a4;
- CaMOCTOSITeIbHO  BBIOMpPATH
METO/IBI UCCJICIOBAHMUSI,
paspabaTeiBaTh ¥ TPOBOIUTH
UCCIIEJIOBAHUS 1O  Pa3IMYHBIM
pazaenam ¢du3nueckoro
MPAKTHUKyMaA.
Baaneer:
-HaBBIKAMH CaMOCTOSITENIEHO
BBIOMPATh METOJBI HMCCIIEIOBAHUS,
pa3pabaTeiBaTb ¥ MPOBOJUTH
HCCIIEIOBaHUS o TeMaM
(hM3MUECKOTO MPAKTUKYMA.
OIIK-2.3. 3Haer:
AHanuzupyer, - OCHOBHbBIE IIPUEMBI 00pabOTKHU U
UHTEPIpETUPYET, pEICTaBICHUS pe3yIbTaTOB
OILICHUBAET, BBITIOJTHEHHOTO HCCIIEI0OBaHUS;

MPEJICTaBISIET U
3alUIIAET PEe3yIbTaThl
BBIIIOJIHEHHOTO
HCCIIEN0BAHUSA C
000CHOBAHHBIMHA
BBIBOJAMH U
PEKOMEHTAIISIMH.

- TMEpeloBOM OTEYECTBEHHBIN U
3apyOCKHBI HAyYHBIH OIBIT W

JOCTUXCHUA 110 TEMEC
HCCIIeTIOBaHUS.

Ywmeer:

- UCIIOJIb30BaTh OCHOBHBIE MPUEMBI
00paboTKH, aHanam3a u
MIpeICTaBICHUS
OKCIICPUMCHTAJIBHBIX JaHHBIX;

- dbopMynupoBaTh u

APTYMCHTUPOBATH BbBIBOJbI u
PEKOMEHIAlMKA TIO0 BBIMOJHEHHOMN
pabore.
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Baapeert:

- HaBbIKaMHU OOPaOOTKH, aHAIU3a H
HMHTEPIPETAIAH MOJTy4EHHBIX
JTAHHBIX c UCTIOJIb30BaHUEM
COBPEMEHHBIX  WH(OPMAIMOHHBIX
TEXHOJIOTHIA;

- (dbopmyHpoBaTh "
apryMEHTUPOBATh  BBIBOJBI |
pEKOMEHIaluu o
UCCIIeIOBATENbCKOW paboTe Tmpu
BBITIOJIHEHHH PaboT (PU3MUECKOTrO

PaKTUKyMa.
IIK-8. IIK-8.1. 3HaeTr: MeTOABl HCCICNOBaHMY, | Y CTHBIM
Cnocoben CnocobeH cobuparts, MpOBEICHMS, 00PaOOTKM U aHaIu3a oIIpocC
IPOBOJIUTH 00pabaTeIBaTh, pe3yabTaToB UCTIBITAHUN "
paboThI 11O aHAIU3UPOBATH U U3MEpPEHH; KpUTepUu  BbIOOpA
o0paboTke u 00001aTh pe3yIbTaThl | METOJIOB u METOJTUK
aHaAIU3Y 9KCIIEPUMEHTOB U UCCIICIOBaHHH.
Hay4YHO- UCCJIEIOBAHNM B Ymeer: 1pPOBOAWUTH HUCIBITaHMS,
TEXHUYECKOH COOTBETCTBYIOIIEH U3MEpEHUS u 00paboTKy
uH(popMaluuy, o0jacTy 3HaHUH, pe3yiIbTaTOB; pEerucTpupoBaTh
MIPOBOUTH MIPOBOUTH MOKa3aHusi MPUOOPOB; MPOBOAUTH
SKCIIEPUMEHTBI | SKCIIEPUMEHTHI U pacuéTsl KPUTHUYECKH
1 0(hOpMIIATH HaOJro1eHuS, aHAJM3UPOBATh PE3yJIbTATHI JCTaTh
pe3yJbTaTHI. COCTaBJISATh OTYETHI IO | BBIBOJBI o BBITIOJTHEHHBIM
TEeMe WIU IO pabotam ¢du3nueckoro
pe3yibTaTtam MPAKTHUKyMaA.
MIPOBEICHHBIX Baaneer: BEIOOpOM
HKCIEPUMEHTOB UCTIBITATEIbHOTO u
IIK-8.2. W3MEPUTEIIBHOTO  00OpYy/JI0BaHMUS,

CnocoOeH npuMeHSTh
NOJIy4EeHHbIEC 3HAaHUS Ha
IMMPAKTHUKE IJIA pCHICHUSA

HEOO0X0MMOro Uil  NpPOBEIEHUS
HMCCIEIOBAHNM; BBIIOJIHCHUEM
OLIEHKH U 00pabOTKU pe3yibTaToB

npodeccHoHaIbHBIX WCCIICZIOBAHMSI TIPH  BBITIOJTHEHUH
3a/1ad. paboT pU3NYECKOTO MPAKTUKYMa.

ITK-8.3. 3Haer: OCHOBBI TEOpUU
Cnocoben dbyHIaMEHTATBHBIX pasnenoB
M0JIb30BaThCS ¢buzuku; OCHOBHBIE METObI
COBPEMEHHBIMHU MONyYeHUss M HWCCIICAOBaHUS
METO/1aMHu 00pabOTKU U | GUZNIECKUX ABJICHUH,
aHaJM3a Hay4HO- MPUMEHSIEMbIE B OTEYECTBEHHOU M
TEXHUYECKOH 3apyOeXHOW  TPAKTHKE;  OIBIT
uH(pOpMaluu U n1a0opaToOpHbIX paboT, TpeOOBaHUS
pe3yiIbTaToB TEXHUKH O€30MacHOCTH; METOMAbI

HCCIENOBaHUN B
n30paHHO# o0nacTu
npodecCuOHATbHON
JESITEIbHOCTH

IIK-8.4.
Crioco0OeH CTpOHTH

WCCTIEIOBAHMS, TIPABIIIA U YCIIOBUS
BBITIOTHEHUST PA0OT, TEXHUUYECKUX
pacyeTos, opopMIiIeHUS
MOJy4YaeMbIX PE3yIbTaTOB.

YMerh: COCTaBIATL OOIIMH INIaH
HCCIICAOBAHUSA U ACTAJIBHBIC ITJIAHBI
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MAaTEMaTH4YCCKHUC OTACIBHBIX CTa,Z[I/If/'I, MOZACIINPOBATH
MOACIn (bI/ISI/I‘IeCKI/IX OCHOBHBIC IIpOLECChI
mponeccoB, 3a/laBaTb OpeaACTOALICTO HUCCICIOBAaHUAI,
mapamMeTpbl U BBI6I/IpaTB OIITUMAJIBHBIC MCTObI
IMPpOBOAUTH HUCCIICIOBAaHUA,

MOACIIUPOBAHUC Baagers: HaBBIKaMH BbI60pa
(1)I/I3I/I‘l€CKI/IX 3aJa4 OKCIICPUMCHTAJIBHBIX M PACUCTHO-

TCOPCTUUCCKHUX MCTOAOB PCUICHUA
ITOCTaBJICHHOU 3aJa4ud HCXO0Osd H3
NMCIOIINXCs MaTCpHaJIbHBIX u

BPEMEHHBIX pecypcoB npu
BBITIOJIHEHUH PA0OT (PU3UIECKOTO
IPaKTHKyMa.

7.2. TunmoBble KOHTPOJIbHbIE 3aIaHUA

KOHTPOJIBHBIE BOITPOCHI 10 PA3JIEJTY I "MEXAHUKA"

1. Yro Takoe marepuanbHas Touka? Paguyc-BekTop MaTepuagbHOU TOUKH?

2. UeMy paBHa MTHOBEHHAs CKOpPOCTb TIpU TOCTYNAaTEIbHOM JBIKEHUU?
VYckopenue (mpsAMOIMHEHAs U KpUBOJIMHEHAS TpaeKTopus)?

3. YrioBas CKOpPOCTb - MOAYJb, HalpaBlIeHWE, €IWHUIIA U3MEpPeHHus? YTI0oBOe
YCKOPEHHE - MOAYJIb, HAIIPABJICHHUE, €AUHUIA U3MEPEHUS?

4. B ugem 3akmrouaercs 1-if 3akoH HeroTona?

5. B uem 3axmtouaercs 2-ii 3akoH HeroToHa?

6. B yem 3akmtouaercs 3-if 3akoH HproToHa?

7. YTo Ha3bIBAIOT UMITYJILCOM CHUCTEMbI TOUKH? MOMEHTOM UMIyJIbCca?

MomeHTOM CHITBI?

8. BpamarenbHoe OBHKEHHE TBEPIOro Tena. BekTop 3jeMeHTapHOro YIJIOBOTO
nepemMenieHns. BekTop yrioBoi CKOpOCTH.
9. Ilnockoe naBuKEeHHE aOCONIOTHO TBEPAOro Tejia. PaszioxkeHue IUIOCKOTOo
JBHKEHUS Ha MTOCTYIATEJIbHOE U BpallaTeabHoe. MTHOBEHHAs OCh BpAILCHHUS.
10.ChopmynupyiiTe ompeneneHne TOHITHS '"JUCIO CTEemeHel CBOOOBI".
[IpuBeauTE KOHKPETHBIE MPUMEPHI CTETIEHENW CBOOOIBI.

11.YT1o Takoe MOMEHT UHEPLIUU CUCTEMbI MAaTEPUATIbHBIX TOYEK OTHOCUTEIBHO OCU
BpanieHusi? UeMy paBeH MOMEHT MHEPLUHU TBEPJIOTO TeJla OTHOCUTEIBHO OCH
BpaIlEHUs?

12.YTo Ha3bpiBatoT pabOTOI CHUIIBI (B TOM YHUCIIE, B MOJIE IEPEMEHHON CUJIbI) ?

13.UeMy paBHa KWHETHYECKas JHEPTrUs MarepuaibHOW Touku? TBepmoro Tena,
BpaLIAIOLIErocss BOKPYT HEMOABUXKHOM Ocu?

14.Yto Takoe nmoTeHUHANIbHAS dHeprusi? UeMy paHa MoTeHIMANIbHAs SHEPTUA Tea,
NOJHATOrO0 HaJa MOBEepXHOCThIO 3emiumn? IloTeHuumanbHas 3HEPTUsl CKATOU
IPYKUHBI?

15.Copmynupyiite onpeneneHre MOTCHIIMAIBHOTO CHJIOBOTO TOJS U JOKKUTE,
YTO OJHOPOJIHOE U CTALIMOHAPHOE TOJI€ CUJT TSKECTH - MOTEHIUATIBHO.
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16.B dyem 3akitoyaeTcsi 3aKOH COXpaHEHUs HMMIyJbca? YTOYHUTE TOHATUE
"uzonupoBanHas cucrema'. [lpumepsi?

17.B yem 3akiitodaercd 3aKOH COXPAHEHHs] MOMEHTa uMIlyibca? YUTo 3HaAUMT
"uzonupoBanHas cucrema'. [lpumepsi?

18.B yem 3akitouaeTcsl 3aKOH COXpaHEHHUS MEXaHM4YeCKOi sHepruu? UTo 3HAUMT
"uzonupoBanHas cucrema'. [lpumepsi?
19.Kakue nedopmanmu HA3bIBAIOT YNPYTUMH, a Kakue - mactuieckumu? B
YeM COCTOUT 3aKoH ['yka?

20.Yto xapaktepusytoT Mmoayib FOura u koaddunuent [lyaccona?

21.3anummMre ypaBHEHHWE TapMOHUYECKOTrO KOJEOaHHUs - B TPUTOHOMETPUUYECKOMN
KoMIuiekcHoi (opme. OObsicHUTE (u3nueckuii cMbica o0o3HadueHui. Kak u3
HepUOTUIHOCTH SiN (COS) BBITEKAET CBSI3b MEPHOIa KOJICOAHUHN ¢ IUKINIECKOM
4acTOTOM?

22.YT0 NMpOUCXOAUT MPH CIOKEHUU COHANPABIEHHBIX TAPMOHUYECKUX KOJICOAHUI
OJIMHAKOBOW 4acTOThI? Kak 3aBUCHUT aMIUIUTyAa PE3YJIbTHPYIOLIEro KOuIeOaHus
OT Pa3HOCTH HaYaJIbHBIX (a3?

23.YTO IPOUCXOIUT MPH CIOKEHUN B3aUMHO-TICPIICHIUKYJIIPHBIX TAPMOHHYECKIX
KoJeOaHWl OJMHAaKOBOW 4acTOThl? Kak 3aBUCHUT TpaekTOpus MaTepuaibHON
TOYKHU OT PA3HOCTH HavyaJIbHBIX (a3?

24.Yto Takoe rapMoHmdecknii ocnmuiitop? Kak m3 3akoHa ['yka BBITEKaeT
ypaBHEHHE TapMOHUYECKUX KojebaHui mpykuHHOTO MasTtHuka? Kak wu3
OCHOBHOTO 3aKOHAa JHMHAMHUKM TBEPAOrO0 Tejla BBITEKAET YpPaBHEHHE
rapMOHUYECKUX KosieOaHuii (U3MYecKoro MasiTHUKa? MaremaTuieckoro
MasiTHUKA?

25.Yemy paBHa PHEPTHUs TAPMOHUYECKOTO OCITHILIATOpA?

26.Kax u3 2-ro 3akoHa HproToHa i TIPYXKUHHOTO MAasITHUKAa C y4€TOM CHJI
TpeHHUs BBITEKA€T ypaBHEHWE 3aryxaronmx koiebanui? Yrto Takoe
"anepuoanueckoe ABmxkeHue"?

27.B dem 3akmouaercs sBieHHe pe3oHaHca? [lomyduuTe BeIpakeHHUe IS
aMIUTATYAbl BBIHY)XJCHHBIX KOJeOaHWW (BHELIHSAS CHUJIa MEHSAETCS 10
FapMOHUYECKOMY 3aKOHY).

28.Uto Ha3pIBalOT pe30HaHCHOM yacTtoToi? Kak mosyduTh BBIpOKEHHUE IS
PE30HAHCHOM YacTOThl W3 (QOPMYJbl JJIA aMIUIMTYJbl BBIHYKJICHHBIX
KoJeOaHmit?

29.Yto Takoe BosHAa? UTO HA3BIBAIOT IJIOCKOW BOJHOW? 3amuIUTe BOJHOBOE
ypaBHEHUE W ypaBHEHUE TUIOCKON BOJIHBI (Kak AuddepeHImaibHoe ypaBHEHUE
U €rO PEILCHHUs).

30.B uem 3akmiouaercss sBieHue uHTepdepeHiuu BoiaH? Kak mpoucxomut
nepepacrnpesieieHne dHepruu npu unrephepeHiuu? YTto Takoe KOTepeHTHBIC
UCcTOYHUKHU? KorepeHTHbIE BOTHBI?

31.Kak Bo3HUMKaIOT cTosiure BOJIHBI? [losyunTe BhIpaskeHUE JJIsl CTOSTYEH BOJIHBI.
[ToueMy cTOsTYEN BOTHOM HE NEPEHOCUTCS DHEPT U ?
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32.UeM oOBscCHsETCS 3By4YaHHE CTPYH W BO3JYIIHBIX CTOJIOOB (CTpYHHBIE U
JyXOBBIE MY3bIKaJIbHbIE HHCTPYMEHTHI)?

33.Kak orpannydena o01acTh CIBIIIMMOCTH 3BYKOBBIX BOJH (IO MHTEHCHUBHOCTH H
YaCTOTHOMY JIHana3oHy)?

KOHTPOJIBHBIE BOITPOCHI I10 PA3AEJTY 11 "MOJIEKYIJIAAPHAA
OU3UKA"

1. B gem 3akmrodaeTcsi OCOOCHHOCTh TOBEACHHS CHCTEMBI, COCTOSIICH U3

Oonpiioro yucia yactuil? OO0bsICHUTE pe3yJIbTaThl OIbITa C TIOCKOM ['anbToHa,

OpOYHOBCKOE JIBUKEHUE.

UTo Ha3bIBAIOT paBHOBECHBIM COCTOSTHUEM CUCTEMBI? UTO Takoe dhaykTyarus?

Uro HazpiBaroT Temnoroi? TemnepaTypoii?

Yto Takoe TepMoMETp?

Uto Takoe aToMHas eauHuIia Macchl? Yucno ABoraapo? Uto Takoe MoJib?

Kak onpeaenuTs 41cio MOJEKYJ HEKOTOPOIl MacChl M3BECTHOIO BellecTBa?

Kakumu cBolicTBaMU peaibHBIX MOJIEKYJI ITpeHeOperatot, GopMUpyst MOJETb

MJICaJIbHOIO rasa?

8. Uto Ha3wIBalOT HMieadbHBIM Ta3oM? Kakomy sMOupuYecKoMy 3aKOHY CTPOTO
MOAYUHSETCS UICAJIbHBIN ra3?

9. Kaxkue m3omporieccol Bl 3HaeTe? Kak BRITISAST Tpad KK M30MPOIIECCOB B OCAX
(V,P), (P, T), (T,V)?

10.Kak CBSI3aHbI MaKpoIapaMmeTpbl UJI€AJTbHOTO rasza (P,T) c
MHUKPOXapPaAKTEPUCTUKONU OJHON MOJIEKYJIbI?

11.Kak cTaTu4yecKkre 3aKOHBI OMHMCHIBAIOT MOBEJECHUE COBOKYIMHOCTH MoJiekyn? B
YeM 3aKJIF0YaeTCs 3aKOH pacipeiesieHus: MOJIEKYJI 1o ckopocTsiM (Maxkcsena)?
Kak BeITIaasaT rpaduku 3TOro pactpeaesieHus s pa3InuHbIX TeMIiepaTyp?

12.Yto Takoe HambOoJsiee BeposTHas CKOpocTh? Kak momydyaeTcsi BhIpaK€HUE IS
HauOoJsiee BEPOSITHON CKOPOCTHU?

13.Uto Takoe cpemHss CKOpPOCTh Moiiekyn? Kak mosydaercss BbIpaKEHHE IS
CpEeIHEeN CKOPOCTH U3 3aKOHa pacnpeneneHuss Makcsemnna?

14.Yto Takoe cpeaHss KBaApaTuyHasi CKOpocTh Mojekyn? Kak momyuuts

BBIpAKEHUE 7151 HEE?

15.Y1t0 Takoe uwMciIO cTeneHedl cBoOoabl? B dyem 3akimrouaercs Teopema
Makcgenna-bonpliMana 0 paBHOMEPHOM paclpeIeICHUH SHEPTUU 110 CTENEHIM
cBOOOBI?

16.Yemy paBHa BHYTPEHHSSI SHEPTHS HICATLHOTO ra3a’?

17.B uyem 3akmiouaercs IlepBoe Hauamo tepmoaumHamuku? Kak 3TOT 3akoH
3aMUChIBAETCS JI PA3IMYHBIX U30MPOIECCOB?

18.Uto Takoe TemmoeMKocTh? VYaenbHas? Monspraas? TemmoemMkocTs mpH
MOCTOSTHHOM 00beM€ 1 TTOCTOSTHHOM JIaBJICHUH ?

19.Kaxko#i mpoiiecc HazbiBalOT aauabatudeckum? Kak u3MeHsieTcs TemmepaTrypa
uaeaqpHOro raza mnpu aauadbarudeckoM paciupenun? Cxatuu? [lomyuure

NOoOkowN
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ypaBHEHHUE, CBS3bIBAIONIECE JABJICHUE M O00bEM HJICaJbHOTO Tras3a IpHu
aanabdaTUYECKOM MPOIECCe.

20.Kak w3 ompezaeneHuss MEXaHUYECKOW pPaOOTHI TMOMY4arOT BBIPAKEHUE IS
paboTel raza? Kak BeITVISIIUT ypaBHEHHE 1Jisi paOOThI ra3za (oOmuii ciydait)?
JI71s1 pa3IMyHBIX U30IPOLIECCOB?

21.Yto Takoe ruki Kapuo? Iomyuute Beipakenue mist KI1J] mukma Kapro. Yemy
paBeH KIIJ] peanbHOM TEIJIOBON MaIlIvHbBI?

22.Yto Takoe mpuBeAeHHas Teriora? 3anummrte paBeHcTBo Kiaysnyca mis
MPOU3BOJIBHOTO 00paTuMoro nukia. Kak u3 3Toro cCoOoTHOIIEHHs] BBOAUTHCS
MOHSTUE DPHTPOITUU?

23.Kax 3anmcats HepaBeHCTBO Kiaysuyca st HeoOpaTumoro nporecca? Kak
U3MEHSIETCS] SHTPOIUS N30JMPOBAHHON CUCTEMBI MPU 0OPATUMBIX U
HeoOpaTUMBIX Tpoiieccax?

24.Yto Takoe TepMoIMHaMUuecKasi BepoaTHOCTh? Kak oHa cBsizaHa ¢ sHTpoIuen
cucrembl? [IpuBeauTe npuMeEpsl K yTBEPKACHUIO: " DHTPONUA-MEpa
oecrnopsiika ."

25.Kaxk Beirsimut rpaduk nukia Kapao B ocsx (S,T)?

26.Kak u3meHsieTcst SHTPOIUs KyCcKa JibJia IPU MUHYCOBOM TeMIiepaType, Korjaa B
pe3ynbTaTe HarpeBaHUs OH IMpeBpaIlaeTcs B nap (MpyU HOPMAJIbHOM JaBICHHUH).
[Tomyuute popmymy mist AS.

27.3anumute ypaBHeHue Ban-nep-Baanbsca. Kakue cBoiicTBa peanbHOTO Ta3a
OMMCHIBAIOT MOMPABKU K ypaBHEHUIO MeHnaeneeBa-Knanelipona?

28.Kax BoiTysiar uzorepmbl Ban-aep-Baanbcea miis paznuunbix Temmepatyp?
CpaBHHUTE WX C OMIIUPUYECKUMH H30TepMaMu. UTO Takoe KBa3uCTaOMIbHOE U
HECTAOMIHLHOE COCTOSIHUS?

29.YT10 Takoe KpUTHUECKOEe cOCTOsiHME BellecTBa? KakoBbl ero napameTpsi?

30.Kaxk ypaBHenue Knaiinepona-Kiay3zuyca cBS3bIBacT 1aBJI€HUE U TEMIIEPATYPy
dazoBoro nepexoaa?

31.Yemy paBHa BHYTpEHHSIsI DHEPTHs peanbHoro raza? Kak nsmensercs
TeMIlepaTypa UACaIbHOIO U PEATbHOTO ra30B MpHU aAnadaTHYeCcKOM
pacCIIMPEHUH B IyCTOTY?

32.B uem 3akmouaercs a¢dext xoynsa-Tomncona? Kak 31o siBjeHue
UCIIOJIB3YETCS IJIs1 TOJIYYEeHUS )KUJIKUX ra30B?

33.UTo BBI 3HAaETE O CBOMCTBAX M CTPOCHHHM XHAKOCTH? UTO Takoe cdepa
JNEUCTBUS MOJIEKYJISIPHBIX CHII?

34.Yto Takoe moBepxHOCTHOE HaTsDKeHHE? KoaPHuImeHT moBepXHOCTHOTO
HaTshkeHus? [loBepXxHOCTHO-aKTUBHBIE BerecTBa? AncopOrus?

35.Yemy paBHa dHEPTUS MOBEPXHOCTHOTO CJIOS KUAKOCTH? Kak 3aBucHT
MIOBEPXHOCTHOE HATSDKEHHE OT TEMIEPATYpPhI?

36.BriBeute popmyiy Jlamnaca (CBA3b MEXIy KPUBU3HOM MTOBEPXHOCTHOCTHU
XKUIKOCTH U 100aBOUHBIM JaBICHUEM).

37.Yem 00OBsiCHSIETCA SBICHHE CMAUYMBaHUs (HECMauUBaHUs) B CUCTEMAX:
AKUIKOCTD - )KUJKOCTh; KUIKOCTh - TBEPJIOE TEIJIO?
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38.Uem 00BsICHAIOTCS sIBJIEHUS KanmwuisipHocT? Kak 3aBUCUT BhICOTA TTOIHATHS
KUJKOCTH OT pajuyca Kanuuiaropa’?

39.B uem 0cOOEHHOCTH CTPOCHHUS TBEP/BIX (T.€. KPUCTALIMIECKUX ) Ten? UTo
TaKO€ KpUCTAJUIMYECKasi aHU30TPOIHUS?

40.Yemy paBHA TEIJIOEMKOCTh TBEpbIX Ten? B uem 3akmrouaercs 3akoH J{ronoHra

u [ltu?

41.Yto Takoe (pa3zoBbie Mepexo/ipl MEPBOro U BTOporo poaa? Urto Takoe BO3ronka?
[1naBnenue? Vcnapenue?

42.Yto Takoe quarpaMmma coctostHuit? [lpuBeaute nuarpamMmy cOCTOSTHUIN BOIbI?
Yto Takoe TpoitHasg TOYKa Ha ATOW auarpamme?

KOHTPOJIbHBIE BOITPOCBI T1I0O PA3JAEJTY HI "OQJIEKTPUYECTBO U
MATHETU3M"

1. B ugewm 3akimoudaercs 3akoH Kynona?

2. Uro Takoe BEKTOp HANPsHKEHHOCTH dJIeKTpudeckoro moist? Chopmynupyite
MPUHLNNBI CyNEPNO3UINM s BekTopa £ ? UTo Takoe cuioBas JHMHUSA
BeKTOpa £ 7

3. Kak BbucianTh BEKTOp £, CO3JaHHBIA CHCTEMOH TOYEYHBIX 3apsIOB?
HenpepsIBHBIM pacnpenieieHueM 3apsaaa’?

4. B uyem 3axmouaercs teopema Octporpajackoro-I'aycca st Bektopa E B
Bakyyme? Jloka3aTenbCTBO TEOPEMBI?

5. Kak mnpumensiercs teopema Octporpaiackoro-l'aycca st omnpenenaeHus
BEKTOpa [E, CO3IaHHOIO HENPEPBIBHBIM PACHpPENEICHUEM 3apsioB
(6eckoHEUHO UIMHHAST HUTh, OECKOHEYHO OOJIbIask 3apsuKeHHAs TUIOCKOCTh
u ap.)?

6. Pabora mojs mo mepeMenieH’u0 TOYEYHOro 3apsnaa (' B IOJe, CO3JaHHOM
TOYCYHBIM 3apsiiom (l

7. UYro Takoe pasHOCTh moTeHIManoB? CBsi3b ee ¢ BekTtopom £E ?7 Kak
BBIYMCIIUTHh TMOTEHIMAN TMOJIS, CO3JaHHBIM JIMCKPETHBIM paclpeieieHueM
TOYEYHBIX 3apsA0B? HenmpepbIBHBIM pacnpeneieHueM 3apsaom?

8. Uro BbI 3HaeTe 00 D3JIEKTpPOCTATHYCCKOM TIoJie B TpoBomaHuKax? I me
JIOKAJIM30BaHbl JJEKTPUYECKUE 3apsibl B NpoBogHuKe? JloKakute, 4TO
3apsKEHHBIN IPOBOAHUK - SKBUIIOTEHIUATIBHBIN 00BEM.

9. Uemy paBHO OHJIGKTpUYECKOE TMOJ€ Yy TMOBEPXHOCTH MpoBoaHuKa? Ero

HarnpaByieHue?

10. YUto Takoe konneHcatop? EmkocTs koHaeHcaTopa? Kak BRIUMCIUTL U 4eMy
paBHa €MKOCTb MIJIOCKOTO, UUJTUHIPUIECKOTO, chepuvIecKoro
KOHJeHcaTopa?

11. Yemy paBHa DSHeprusi 3apsHKEHHOTO KOHJAEHcaTtopa (MOJy4HUTe 3TO
BbIpaxkeHue)? [ e nokanmu3oBaHa SHEPrus 3apsKEHHOro KOHJeHcaTtopa?
[Tonyuurte BeIpakeHue i1 00bEMHOM MIOTHOCTH PHEPTHH DJICKTPUUYECKOTO
noJsi?
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13.

14,
15.

16.

17.

18.

19.
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Uto Takoe IUANEKTPUK? DIEKTPUYECKUN TUIONb, SJIEKTPUUECKU MOMEHT
JUTIONs?

YTO NPOUCXOAUT € 3IAEKTPUUECKUM JUIOJIEM B OJHOPOJAHOM 3JIEKTPUUECKOM
nosie? B HeoJHOPOIHOM TT0J1€e?

Yro Takoe BeKTOp noJisipuzauun? Jusnexrpuueckas BOCOPUMMYHUBOCTb?
Yro Takoe BEKTOp 3JEKTpUuYecKoro cmemenus (maaykuuu) D ? Yto Takoe
TURJIEKTpUYECKasi IPOHUIAEMOCTh U30TPOITHOTO JUAJIEKTPUKA?

Kak wu3MmeHsieTcss €MKOCTb KOHJEHCATOpa MpU  3alOJHEHUU  €ro
nudnekTpukom? I[ouemy?

Uto Takoe cernerodniekTpuk? Ilerns rucrepesuca? CEerHETOANEKTPUK Kak
AJIEMEHT MaMsTu?

B uem 3akmtouaercs mpsmoil mbhe3odddext? OOpartubiii? Ilpumenenue
nbe303(heKTa B THAPOAKYCTHKE.

ChopmynupyiiTe 3aKOHBI 3JIEKTPOCTATUKU B IUANEKTpUKe: 3akoH KyroHa,
HaIpPSHKEHHOCTh

ANEKTPUYECKOr0 TOJIs, PA3HOCTh MOTEHUMaNoB, TeopeMa laycca (s

20.
21,

22,

23.

24,

25,

26.

217,

28.

29.

BEKTOpPa/)); 00bEeMHas TIOTHOCTh SHEPTUU?

Uro takoe anexrpuyeckuit Tok? Cuna toka? IlnmoTHOCTH TOKA?
Chopmynupyitite 3akoH Oma ajis OJHOPOJHOW LENM B HHTETPaIbHOMN
dbopme, B nudepeHmanbHON?

Kak comnpoTuBieHne NpoOBOJHHMKA 3aBUCHAT OT TeMIleparypel? B yem
3aKJIF0YAETCS SIBJIEHUE CBEPXIIPOBOIUMOCTHU?

Chopmynupyiite 3akon J[koyns-Jlenna: a) B uHTEerpanbpHoi gopme; 0) B
muddepennmansHoOi popme.

Uto Takoe 3NeKTpoABMXKyIIas cwia? 3anumure 3akoH OMma g ydacTka
LENU C UCTOYHUKOM.

B uem 3axmtouaercs | npaBunio Kupxroda (3akoH coxpaHeHus 3apsa)?

B uem 3akmouaercs |l mpaBuno Kupxroda? Cdhopmymnupyiite mnpaBuio
3HakoB I HanpsbkeHud 1 DJIC npu cocraBienuu ypaBHeHui Kupxroda
JUTSl 3aMKHYTBIX KOHTYPOB.

[lonynpoBOIHUKM - COOCTBEHHass W  NpPUMECHas  MNPOBOAUMOCTD
MOJIYIPOBOJHUKOB P- U M-TUIA (AKLETTOPBI U JJOHOPHI).

Uro Takoe p-n nepexoxa? Kak Bo3HMKAeT KOHTAKTHOE MoJie B oOiactu P-N
nepexona? IIlpuHIMNI 1elcTBYUS NOJYIPOBOAHUKOBOTO JUOA.

B uyem 3akmiouaercs 3akoH  buo-CaBapa-Jlammaca? UYrto  Takoe
HaIMpsKEHHOCTh M UHAYKIUS

mMarauTHoro nosst? [puHiun cynepno3unuu st BeKTopoB B, H i

30.

31.
32.

Kak BbIYMCIHTS 10OJI€ B IIEHTPE KPYTrOBOTO BUTKA C TOKOM, UCIIOJIb3YS 3aKOH
buo-Capapa-Jlannaca v npuHIMN Cyniepno3uuuu?

B dem 3akntouaercsa TeopeMa 0 HUPKYISUUKA BekTopa Hl

Kak npumensiercst rTeopema o HUPKYJISIUU BEKTOpa H N1l BBIYUCISHUSI TIOJIS
IpsSIMOTO TIPOBOJHMKA C TOKOM? Iloisi MOJOro W CIUIONIHOTO IMJIMHIpA
crokoM? Ilosist koakcuanbHOTO Kabess?
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33. Kak BeneT cebs MpOBOAHUK C TOKOM B MarHUTHOM Mojie (cuia Amrepa);
3apsiji, IBMKYLIUKCS B MarHuTHOM Tosie (cuiia Jlopenia)? KoHTyp ¢ Tokom
B MarHUTHOM T10Jie?

34. Yrto Takoe Ammep (equHuIa cuiibl Toka)? JaliTe moHOe onmpeeneHue.

35. B 4eM 3aKIr09aeTCs SBICHUE ICKTPOMAarHuTHON nHAYKInu Papanes? Yemy
paBHa unaynupoanHas IJC?

36. B uem 3axnrovaetcs npaswio JIenma?

37. Ilpunnun neicTBUs reHepaTopa nepeMeHHOro Toka?

38. B uem 3akitouaercs siBJCHUE CaMOMHAYKIMU? YUTO Takoe MHIYKTUBHOCTH?
Boruucnure MHIYKTUBHOCTH Topouaa? JmuHHOTO coeHona?

39. Uemy paBHa sHeprusi MarHuTHOro mnosisi? OObeMHasl IJIOTHOCTh JHEPTUU
MarHUTHOIO MOJs?

40. Yro Ha3piBatoT MarHeTukoM? B dem 3akimrodaercst Aua- ¥ mapamarHeTusm?
deppomaraeTusm?

41.Yto Takoe MarHUTHBIA MOMEHT paMKuh ¢ TOkoM? YTO Takoe BEKTOp
HamaranuuBanus ( J )? Yto Takoe MarHuTHas BocnpuuM4uBOCTh (%)? Uto
TaKO€ MarHUTHAs MMPOHHUIIAEMOCTH?

KOHTPOJIbHBIE BOITPOCHI 10 PA3JIEJIY IV "OIITUKA"

1. 3anumurte ypaBHeHMsT MakcBeia U OOBACHUTE UX (DUBUYECKYIO CYTh.

Kaxoil puznueckuii cMbICT UMEET 3JIEKTPOAMHAMUYECKAs TOCTOSIHHAS ?

KakoBa cTpyKkTypa MI0CKON 3J1€KTPOMarHuTHOW BOJIHBI?

3anummre Gpopmyry TOHKOM TUH3bL. UTO Ha3bIBaeTCs abepparueit JIuH3?

B uem 3aknrovaeTcs siBjeHuE HHTEPPEPESHIIUU BOTH?

[Tpu kakux ycioBUsX HaOMOAaeTCs HHTEP(EPEHIINS CBETOBBIX BOJIH?

[Touemy mopsaiok uHTEpGEPEHIIMU B OIBITE C MapaUICTLHON IUIACTUHOU

HauOOJIBIITUHN TIPU HOPMATHHOM IaJICHUH JTy4el Ha Hee?

7. 3anuummTe CBSI3b MEXIY ONTHYECKOM Pa3HOCThIO XOJa U Pa3HOCTBIO (a3
JBYX JIy4YeH.

8. B 1em cocTouT pazHHIIA MEXIY SBICHUSIMH UHTEpPEPECHIINH U TUPPAKITAN?
B uewMm 3akirouaeTcss X € JMHCTBO?

9. BanummTe U 00BACHUTE PUMUECKUN CMBIC JIsl CUH(PA3HOCTH KOJIeOaHUM,
yCIIOBUE€ YCWJIEHMS M  OClabJieHHs WHTEHCHUBHOCTH CBE€Ta  IpHU
uHTephEpEHITUN.

10.Kakue OCHOBHBIE METO/IbI CYIIECTBYIOT TUISt MOJTYYEHUS
uHTEPPEPEHIIMOHHBIX KapTUH?

11.B omnbiTe FOHra muvpuHa Mexay HIeIsIMUA paBHA @, JUIMHA BOJIHBI paBHa T.
OnpenenuTs MaKCHMaJIbHO BO3MOXKHOE YHCIO HHTEPHEPEHIIMOHATBHBIX
MOJIOC, €CIIK pa3Mepbl FIKpaHa HeorpanuyeHHsl (& = 1 mMm, T. = 5000 A).

12.B yeM COCTOMUT pa3HHIIA MEXKIY IMOJOCAMH PAaBHOTO HAKJIOHA W PaBHOM
TonmuHbl? [IpuBeauTe MpUMeEpHI.

13.Cnenaiite BbIBO (hOPMYJIBI JIJIs1 IPEJIOMIISIFOLIETO yria ounpusmel Openens.

14.Y10 moHUMAIOT O] OPSIKOM UHTEp(hEepEeHITNH?

Sk own
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15.Kak yctpoen wmHoromaydeBoii wuHTepdepomerp Dadpu-Ilepo? Kakossl
00acTu ero NpuMeHeHus?

16.B dem 3axirovaercs siBICHUE TU(PAKIIUU CBETOBBIX BOJIH?

17.00bsicHUTE, B UeM cocTOUT MeTo Ppenens. UTo Takoe 30HHAS MJIACTUHKA?

18.Yto HazbiBatoT Audpakuueit Gpaynrodepa?

19.KakoBbI crieKTpaibHbIE XapaKTEPUCTUKU JUPPAKITHOHHBIX PEIICTOK?

20.ITpuBenuTe BUIBI MOJISPU3ALUN CBETOBBIX BOJIH.

21.TlonspuzanmoHHble MPUOOPHL: Tpu3Ma HuKos, AMXpousm.

22.®opmyna bproctepa. [lomHoe BHyTpeHHee oOTpakeHue. BosokoHHas
OITHKA.

23.PacmipocTpaHeHue cBeTa B MPOBOIAUINX cpefax. OCHOBBI METAITIOONTHKHU.

24 PactipocTpaHeHHE  CBeTa B AHU3OTPONHBIX  cpegax.  TeH3op
JTUAJIEKTPUYECKON MPOHUIIAEMOCTH. [[BOITHOE JTyUepenoMIICHUE.

25.Kakoe u3myueHue Ha3bpIBalOT TEIIOBBIM? YTO Takoe abCOIIOTHO YEepHOE
Teno? MoxHo nu ConHile Ha3BaTh a0COIIOTHO YEPHBIM TEIOM?

26.0nemMeHTapHas KBaHTOBasi TEOpHs TeryioBoro usmydeHus. Kosdduuments
DWHILITENHA U CBSA3b MEXAY HUMH.

27.Jlazepnl. [lpuHnunuanpHas cxema. YCJIOBHE CTAallMOHAPHON TEHEpaIluH.
Cnioco0b1 MOay S TOOPOTHOCTU. MOJIBI.

28.TBepnoTenbHbI nazep Ha pyoune. UetbipexypoBHeBbie cxembl OKI'.

29.T'azoBerit ;mazep Ha cmecu He-Ne. OObscHHTE MeEXaHU3M CO3JAHUS
VHBEPCHOU 3aCEIICHHOCTH SHEPreTUYECKUX COCTOSTHUM.

30.B 4yeM coCcTOSIT OCHOBHBIE TIOJIOKEHUSI HEIMHEWHOW OMTHKH?

31.IlpuBeaure mNpUMEpPHl KPUCTAUIMYECKUX MATEpUAIOB, NPUMEHSIEMbIX B
HEJINHEMHOW OITHUKE.

32.0nummMre MexaHW3M TeHepaluu BTOpOW rapMoHUKU. B yem cocrout
yclioBU€e (a30BOro CHHXpOHU3Ma?

33.CamoBO3/eiCTBIE CBETA B HEITMHEHHOM cpeie.

34.KaxoBbl (pu3nyecKrue OCHOBBI rojiorpaduu?

35.B uwem 3akmouaercs d3ddexr [lorurepa B onTuke (MPOMONBHBIA U
MONEePEYHbIil)?

KOHTPOJIBHBIE BOITPOCHI T10 PA3JIEJTY V "ATOMHA S ®U3NKA"
Pa3BuTHEe AaTOMUCTHYECKHUX MPEACTABJEHUI 00 U3TyUYeHUH

1. TeroBoe paBHOBecHOE M3MydeHUe. McmyckaTenbHash W TOTJIOMATEIbHAS
cocoOHoCcTH Tena. AOCOMIOTHO YEepHOE TeNno. 3aKOHBI TEIJIOBOTO
usnydenusi: 3akoHbl Kupxroda, Credana-bonpnmana u Buna. dopmyna
Panes-/Ixunca. “YnprpaduoneroBas karactpoda’.

2. TI'mnote3a kBanTOB 3Hepruu. Popmyna [lnanka u ciaencTBus, BHITEKAIOIINE
u3 Hee. Baemnuii poroaddext. 3akons pororddexra.

3. YpaBHenue OiHmTerHa s Qoroaddekrta U ero SKCrIepuMEHTalbHas
npoBepka. Buyrpennuii poroadpdexr.
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4. ®oronbl, ux sHeprusi, macca U ummyibc. Ipdext Komnrona. IMpupona

AJEKTPOMArHUTHOTO U3JTYYCHHUS.
BosiHOBBIE CBOlicTBA YacTHIl

5. KopnyckynsipHO-BOJIHOBasi JBONCTBEHHOCTh CBOMCTB 3JIEKTPOMArHUTHOIO
W3JTYyYCHMUSL.

6. ['mnote3a ne bpoinst 0 MBOWCTBEHHOW KOPITYCKYJISIPHO-BOJTHOBOM MPUPOJIEC

YaCTHIl BEIeCTBA U ee noareepxkaeHue. (OnbiT [eBuccona u Jxxepmepa).

CaoiicTBa BoJH A€ bpoiins.

8. CooTtHolieHue HeonpeneneHHocTe [eiizendepra.

Crtpoenne atoma u Teopusi bopa

9. CnekTpanbHble CEpUM aToMa BOJOPOJA. ATOMHBIE CHEKTPbl U HX
3akoHOMepHOCTH. [loctosnnass  Punbepra. O6oOmienHas  ¢opmyina
banemepa. Criektpansubie TepMbl. KomOuHamonseIit npunnun Pura.

10.Monens atoma ToMcoHa U €€ HEIPUMEHUMOCTbD JIJISl ONTUCAHUS TUHEHYaThIX
ONTUYECKUX CIIEKTPOB.

11.5nepuas momens atoma (Mozaenb Pesepdopna). Ombitel Pesepdopaa mo
paccesHuio anbga- yactuil. Popmyna Pezepdopna. [Inanerapuas mozaenb
aToMa, €€ IPOBEPKA U €€ HEJOCTATKH.

12.KBanTOBBIC TIOCTYJaThl bopa M WX 3KCIIEPUMEHTAIBHOE IOATBEPKICHUE.
(OnbiT @panka u ['epua).

13.OnementapHas OOpOBCKasi TEOpHsl aTomMa BOAOpOJa. Teopusi CTPOCHUs
BOZI0P01000,100HBIX aTOMOB 110 bopy. Yuert nBuwxenus siipa B Teopuu bopa.

14 MaruauTHbie cBolcTBa aroma B Teopun bopa. Henocratku teopun bopa.

DusuyecKkrue 0CHOBbI KBAHTOBON MEXaHUKHU

15.0cHOBHBIE TIONOXKEHUSI KBAHTOBOW MexaHWKu. OmepaTtopbl B KBAaHTOBOM
mexanuke (BomHoBas ¢yHKIMS, €€ HOPMHpPOBKA, CpeIHUE 3HAYCHUS,
ONEPATOPHI UMITYJIBCA U SHEPTHH ).

16.0OmnepaTopsl BaKHEWIINX (U3UUECKUX BEIMYWH : OMEPaToOp KOOPIHMHATEHI,
ONEPATOpP HMITYJIbCA, OINEPATOP BEKTOpPAa HMILYJIbCA, OINEpPaTOp MOMEHTA
HMMITyJIbCA, OINEpaTop KBaJpara MOMEHTAa HMMIYJIbCA, ONEpPaTOp MPOCKIUU
MOMEHTAa MMIIYJIbCa, ONEPaTOp KHUHETUYECKOM DSHEPruM, OMIEPATOP
ITOTEHIMAJIbHOW SHEPTUH, OIIEPATOP IIOJHOU IHEPIUU.

17.BonnoBoe ypaBHenue Ilpenunrepa. BpemeHHoe u cTanuoHapHOE
ypaBHeHus llpennnrepa.

18./IBuxeHue CBOOOJHOW YACTUIIBI B OJHOMEPHOW TMOTCHIIMAIBHOW sIME.
Yactnna B OJHOMEPHOM  IPSAMOYTOJIBHOW  MOTEHUHAIBHOM  sIME.
["apMOHHMUYECKHI OCUUIUIATOP B KBAHTOBOW MEXAHUKE.

19.TIpoxokieHne dYacTUIl 4Yepe3 MPSMOYTOJIbHBIA TMOTEHIMATBHBIN Oapbep.
KoaddurmenTst oTparkenus u mpo3padHocTH. TyHHETbHBIN d(PQeEKT.

20.KBaHTOBO-MEXaHMUYECKOE  OIMHCAHWE aToMa  BOJOpPOJA:  YypaBHEHUE
[lIpenunrepa, sHEPTHs, KBAHTOBBIE YK CIIa, SHEPrETUYECKUHN CIIEKTP.

21.27eKTpoH B BOJOPOJOMNOI00HOM aToMe. 1S — COCTOSTHHE JIEKTPOHA B aTOME
BOJIOPO/JIA.

~
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22.JHepreTUYecKuid  CHeKTp dyekTpoHa. KBaHTOBbIE 4UMCNA:  TJIABHOE,
opOUTaTBbHOE U MATHUTHOE OPOUTAIIBHOE.

OpoOnTajabHbIi, CIMHOBBINA M MOJHBIA MEXaHUYECKUH 1 MATHUTHBIH
MOMEHTBI 3JIEKTPOHA B aTOMe

23.0pOuTanbHBIE MOMEHT KOJMYECTBA JIBMKCHHS, MATHUTHBIA OpOUTAIIbHBIH
MoMeHT. CrniuH 3ektpoHa. OnbiT [ltepna u I'epnaxa.

24 HopmanbHOE U BO30YX/I€HHbBIE COCTOSHUS aTOMa BOJOPO/Ia.

25.CHsTHE BBIPOXKICHHS COCTOSHUN B aTOME BOJOPOJia: CHATHE BBIPOKICHUS
COCTOSIHUMA MO MAarHUTHOMY KBaHTOBOMY YHUCIY, CHSTHE BBIPOXKICHHUH IO
OpOUTANBHOMY KBAaHTOBOMY YHCILY.

26.CoOCTBEHHBIA MOMEHT KOJHMYECTBa JIBIDKEHMSI DJIEKTpOHA  (CIHH),
MarHuTHBIM CNHUHOBBIH MOMEHT. CHIHMHOBOE U MAarHUTHOE CIIMHOBOE
KBaHTOBBIC YHUCIIA.

27 IlonHplid MEXaHUYECKUH MOMEHT OJJIEKTPOHA, TMOJHBIA U A()PEKTUBHBINA
MarHUTHbIE MOMEHTHI. BHyTpeHHEe W MarHWTHOE BHYTPECHHEE KBAHTOBBHIE
yucia. ®akrop Jlanme.

28.CniuH - opOuTanpHOE B3anMoieicTBrUe. TOHKas CTPYKTypa CIEKTpa.

CTpyKTypa U CIEKTPHbI CJI0KHBIX ATOMOB

29.0mnpeneneHne YHEPTETUUECKUX COCTOSTHUN 3JIEKTPOHOB B CIIOJKHBIX aTOMax.
CrnoxeHrue MOMEHTOB U TUIIBI CBS3H JICKTPOHOB B aTOME.

30.3acTpoiika JNEKTPOHHBIX 00oj04Yek B arome. [lpunmun Ilaymm.
Ilepuonnueckass cucrema 3neMeHTOB MenneneeBa. IlpaBuno XyHnna.
OnTHyeckue CreKTPhl CIOKHBIX ATOMOB.

31.DHepreTuyeckie YpOBHM M ONTUYECKHM CIEKTp aTromMa BO BHEIIHEM
nocTosHHOM MaruutHoM mose. (HopmanbHbiii w1 aHoManbHBIN A dEKT
3eemana, agdexr [Tamena- baka).

MouJieky isipHble CIEKTPBI

32.0neMeHTapHbIe CBEACHHUS O CTPOCHUW MOJEKYJd. ODHEpPTHUs MOJEKYIIbI.
Oco0EeHHOCTH MOJIEKYJISIPHBIX CIIEKTPOB.

33.KBanTtoBanne KoneOaTENbHBIX W BpallaTeIbHBIX YPOBHEW MOJEKYJ.
CrieKTpsbI MOTIOMICHHSI 1 KOMOMHAIIMOHHOTO PACCESTHUSI CBETA.

PenTrenoBckoe u3jiy4yeHue.

34.PentrenoBckoe  m3nydeHwe.  OTKpBITHE  PEHTTEHOBCKUX  Jy4eil.
PentrenoBckue ciekTpol. 3akoH Mo3iu.

35. udpakumst u WHTEPPEPEHIIMOHHOE OTPAKCHHE PEHTICHOBCKUX JIYYECH.
VYpasuenue Jlays. Ycnoue Bynbda-bparra. BreiHykIeHHOE u3ITydeHHE.
DneMeHTHI (PU3UKH JIa3epOB.

KOHTPOJIbHBIE BOIIPOCHI I10 PA3JIEJTY VI
"OU3UKA ATOMHOI'O AJPA 11 DJIEMEHTAPHBIX HACTULL"
1. KakoBbl TOpsiAKM BEIWYUH B siiepHOU ¢uzuke (paauyc sapa, paauyc
JEUCTBUS AJIEPHBIX CHII, PauyC HYKJIOHA)?
2. KakoBa 3aBUCMMOCTB pajipyca siipa OT MacCOBOI0 yucia?
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3. IInoTHOCTH pacnpeeneHus 3apsaa B aape. XapakTep ABUKEHUS HyKIOHOB
B SIJpE.

4. ®opmbpaktop sapa. CaBuraercs Tu MEpBbIA MUHUMYM QopMmpakTopa c

pOCTOM MaccoBOro uucia sapa? B 4éMm mpuynHa pe3koro yMEHbLIEHUs

dbopmdakTopa ¢ pocTOM NEPEAAHHOTO UMITYJIhCa?

O6osioueyHas CTpyKTypa siapa. Marnueckue yucia.

Oco0eHHOCTH IBMKEHUSI HYKJIIOHOB B CAMOCOTJIACOBAHHOM IOTEHIIUAJIE.

7. Tlouemy 151 30HAMPOBAHUS ATOMHBIX SIAEP HCIOJIB3YIOTCS 3JIEKTPOHBI?
Kakyto sHepruto JoKHBI UMETh 3JIEKTPOHBI?

8. Kak m3MeHutcs auddepeHnnaibHoe CEYEHHE PacCestHUS PEISITUBUCTCKUX
AJIEKTPOHOB Ha sA1pe g~ O, eciu NPeanoIoKUTh, YTO BECh 3apsj 3TOTO sapa
COCpPEOTOYEH B OJTHOM TOUKE?

9. CnuHBI 1 YETHOCTU OCHOBHBIX COCTOSIHUM sIIEP.

10.0Ouenuts DHEPreTUYECKOE paccTosiHUE MEXIY COCEIHUMH
OCLIIJUIITOPHBIMU 000s0uKaMu B szpax ¢ A=40 u A=200.

11.0npenenuThb CIIUH U YETHOCTh OCHOBHBIX COCTOSIHUIA M30TONOB IIUPKOHMUS C
A =86-94.

12.51Bnenue pangunoaktuBHOCTU. OTIpeieieHe U OCHOBHBIC XapaKTEPUCTHUKH.

13.OcHOBHOI 3aKOH paIlOaKTUBHOTO pacmaga. AKTUBHOCTH Ipemnapara.

14 Kakue cymniecTBYIOT ClIOCOOBI OTpeIeSICHHs TIEpHoia Mojaypacnaaa
WU30TOIOB?

15.Yem oTauuaeTcs omnpeAesieHue Iepuojaa IMoypacnajga AO0JT0XKHUBYIIMX
M30TOIOB OT KOPOTKOXKHUBYIIUX ?

16.I1oka3zarb, 4TO CpeaHss MPOJOJIKUTEIBHOCTD KU3HU PAIMOAKTUBHOTO siApa
OOpaTHO MpPOMOPLUOHAIBHO IOCTOSHHOM pPaJMOaKTUBHOIO pacrajga Jis
3TOTO s/Ipa.

17.Pemnth cucteMy ypaBHEHHI 3aKOHOB COXPaHEHUS SHEPTUU U UMITyJIbca AJIs
pacnaja nojoKUTEIbHOI0 J;+-Me30Ha.

18.0mpenenenue saepHON peakunu. DK30TEPMHUUYECKHE M IHAOTEPMHUECKUE
peaKIuH.

19.ITopor peakinu. BeiBoa popmysisl 11sl TOPOTOBOM SHEPTHH.

20.3aK0HBI COXPAHEHUS B AJIEPHBIX PEAKIUAIX.

21.®opmyna bpeiita-Burnepa. UeM oOBSICHSIETCS PE3KOE YBEIMUYEHUE CEUCHUS
PE30HAHCHOM peaKIMU NPU MAJIBIX SHEPTUAX PE3OHAHCA.

22 Peakuuu yepe3 COCTaBHOE Apo (BpeMsl peakliM, CEYeHHE PeaKkinuu, YIII0BOe
pacnpenesneHue MpoAyKTOB PEaKUUU, KOJIMYECTBO YYACTBYIOIIMX B PEAKIIMH
HYKJIOHOB, B KAKOM MECTE SApa-MUILIEHU IPOUCXOINUT PE3OHAHC).

23.Ilpsmbie  peaknmu  (BpeMsi  pEakIMd, CEUCHHE pEaKlUd, YIJIOBOE
pacnpeneseHue MpoAyKTOB PEAKLNHU, KOJIWYECTBO YYACTBYIOIIMX B PEAKIIMH
HYKJIOHOB, B KAKOM MECTE SApa-MUILIEHU IPOUCXOINUT PE3OHAHC).

24.0OnpeneneHie U OCHOBHBIE OCOOCHHOCTH anb(a-pacrana. IHEePreTUYECKUM
cnekTp anbga-dyactuil. 3akoH ['eitrepa-Hatrona. OpHouyacTH4HAsT MOJEb
anb(a-pacraja

o o
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25.0cobenHoctu npobera anb(ha-yacTUll B MOMJIOTUTENE, KPUBAs MPOXOKACHHUS,
cpenHuil mpoOer u ero rpaduyeckoe onpeesieHue.
26.0cHOBHBIE TIPOIECCHI B3aMMOICHCTBHSI alb(pa-4acTHIl C BEIIECTBOM, pa3dpoc
po0eroB anb(a-yacTuil B MOTIOTUTEIIS, TPUYIUHBI CTPATTJIMHTA.
27.I1oka3aTh, 4TO OCHOBHAS 4YacCTh DHEPTUH, BhIAEIsACMas MpU anbda-pacnaze
a5iep, YHOCUTCS aib(a-yacTuiiei.
28.CkoibKko anbda-uactni 3a | cek. nemyckaer | r mpemnapata “°92U, eciu ero
neprox monypacraza pases 4,5%10° mer.
29.bera-pacniag, ero ocobeHHoctd. Tpu Tuma Oera-pacmaga. Ilpocteie u
CJIO’KHBIE pacra/ibl.
30.0HepreTuyeckuil CriekTp OeTa-pacrnaja, paspeuiéHHbIE U 3anpeniéHHbIC
pacrnajpi.
31.Bnustaue 3apsiaa siapa Ha GopMy SHEPreTUYECKOro OeTa-creKTpa.
32.Teopus Oera-pacnaa.
33.[Ipormeccer  B3ammomelcTBHUsL OeTa-gacTuil ¢ BemecTBOM. (OcoOeHHOCTH
MIPOXOXKJICHUS HIEKTPOHOB Yepe3 POJIbTH.
34.Paccuntath MaKCUMaJIbHYIO SHEPTHUIO ANEKTPOHOB B -pacnama b P.
35.0mpenenuTh YHEPTHIO OTAAYU SApa JIUTHS, 0Opa3yIOUIerocss B OCHOBHOM
COCTOSIHMHM B pe3ynbrare K-3axBarta us aapa 4Be.
36. OmpeennTh SHepruo oTaadn sapa Na , 06pasylomerocss B OCHOBHOM
cocTosiHmK U3 siapa ““Na B pesysbrate K-3axBara.
37. DnexTpoH ¢ sHeprueit 1 M>B nuMeeTt nmpobOer B alFOMUHUU, PABHBIN 1.5 mm.
OrneHuTh BETMYMHY €ro nmpobera B BO3AyXe U BOJIE.
38. Uto Takoe KOCMHYECKHUE JTyun?
39. CoctaB KOMHUYECKMX Jiydeil. Msarkas ©  KeCTKas KOMIIOHEHTHI
KOCMHYECKUX JTYUYEH.
40. YrioBoe pacmpenefieHue *KECTKOM KOMIIOHEHTHI KOCMUYECKHX Jydyel Ha
YpOBHE MOpSI.
7.3. Memoouueckue mamepuanslt, onpeoensaloujue nPoueoypy OUCHUGCAHUS
3HAHUIL, YMEHUIL, HABLIKOG U (UN) ONLIMA 0CAMETbHOCIU, XAPAKM EPUIYIOUUX
Imansvl GopmMuposanus Komnemenyuil.
OOmmii pe3ynbTaT BBIBOAWTCS KaK WHTErpajibHas OIICHKA, CKJIQJBIBAOIIAs W3
TeKyIero KoHTposs - 50% u npoMekyTouHoro KoHTpoJist - 50%.
Tekymui KOHTPOJIb IO JUCUUIUIMHE BKIIFOUAET:

" [IOCEUIEHUE 3aHITUN U HAJTMYME KOHCIIEKTa - 15 Gannos
" TIOJIYYCHHE JIOMYCKa K BBHITOJHEHHUIO PAOOTHI - 20 GamnosB.
" BBHINIOJIHEHUE PAOOTHI M OTYETA K HEM - 25 Gannos.
" 3ammTa JabopaTOPHOIN padOTHI - 40 GamioB
[IpoMeKyTOUHBIN KOHTPOJIb 110 JUCIHUIIMHE BKIIFOYAECT:

® YCTHBIN OMPOC - 60 6amnos,
® 3amuMTa TeKyuiel paboTsl paboThI - 30 Gamnos,

e TaOuMIla pe3yIabTaTOB - 10 Gannos.
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O1eHKa «3a4TEHO» BBICTABISAETCS CTYIEHTY, KOTOPbIM: 1) BBINOJIHWI BCE
IpEeIyCMOTPEHHBIE TpPOrpaMMoil Kypca mabopaTtopHble paloThl; 2) TiIy0OKoO,
OCMBICJIEHHO YCBOWJI IPOTPaMMHBIM MaTepHall B IOJHOM 00beMe, u3jarai ero Ha
7a00paTOPHBIX 3aHATHSX M 3a4eTe Ha BBICOKOM HAyYHOM YPOBHE, H3Y4HII
OCHOBHYIO M JIOTIOJHHUTEIBHYIO PEKOMEHAYEMYIO JIUTeparypy; 3) HpH OTBETE
JIOTIyCKaad OTHAEIbHbIE HETOYHOCTH B OCBEIIEHWU BTOPOCTENEHHBIX BOMPOCOB, HO
JIETKO YCTpPAHsUI UX IOCIE 3aMeuyaHMs IMpernoaaBareiss; 4) OTUMTAICS MO BCEM
U3y4YEHHBIM TeMaM Ha J1a00paTOPHBIX 3aHATHSIX.

OneHka «HE 3a4TEHO» BBICTABISETCS CTYJEHTY, KOTOpBIA: 1) wumeer
CYIIIECTBEHHbIE 33/I0JDKEHHOCTH 10 BBIMOJHEHUIO U 3aIIUTE JTJAOOPATOPHBIX padoT;
2) WMeeT CYIIECTBEHHbIC MPOOENbl B 3HAHMM Y4Y€OHOIO Marepuaia, He MOXKET
PACKPBITh OCHOBHBIX TEOPETUUECKUX MOJOKEHUM U MOHATUI; 2) HE OCBOUI pabOTy
C JIaOOpaTOPHBIMU YCTAHOBKAMH U U3MEPUTEILHBIMU TTpUOOpamMu; 3) HE OTUUTAJICS
0 TeMaM, PACCMOTPEHHBIM Ha J1a00PATOPHBIX 3AHITHUSIX.

(oT 51 u BBIIIE - 32a4eT).
TpedoBanus k 3a4ery

B KkoHIIE KaXZIOro U3 CEMECTPOB M3YyYEHHs AUCLUIUIMHBI CTYAECHT IOJDKEH
MOJIYYHMTh 3a4€T [0 COOTBETCTBYIOIIEMY pa3zeily Kypca Mo pe3ysibTraraM paboThl B
naboparopuu. [[ns monydeHuss 3a4yeTa CTYACHTY HEOOXOIMMO BBINOJHUTD
HKCIIEPUMEHTAJIbHYIO0 YacTh, BBIIOJHUTH OOpPaOOTKY MOJYyYEHHBIX PpPE3YyJbTaTOB,
ClaTh OTYETHI MO BCEM JIaDOPATOPHBIM pabOTaM M CAaTh YCTHBIE M 3JIEKTPOHHBIE
JOMYCKH K J1a0OpaTOpHBIM paboTaM.

8. [IlepeyeHb OCHOBHOII W [JONOJHHUTEJNbHOW Y4eOHOl JMTEpPATYpBHI,
HEe00XO0AMMOi1 1151 0CBOCHUS TUCUHUILIHHBI.
a) adpec caiima Kypca (oopazoeamenvhuiit nopman /[I'Y).
1. Kyp6anucmaunos B.C. CrnenunanbHbiii pU3NYECKHil MPAKTUKYM IO SACPHON
¢uzuke. http://edu.dgu.ru/course/view.php?id=873

2.T'amxues C.M. Ontuka. Yacts . Metoaguueckoe mocooue.

3.T'amxueB C.M. Ontuka. Yacts II. Metogunueckoe mocooue.

4. MaromenoB M.A. MeToabl MaTE€MaTHUYECKOTO MOJEIIUPOBAHUS.
MeToandueckoe mocooue.

5.MaromenoB M.A. Monekymsipaast pusuka. Yacts 1. Metoaudeckoe nmocodue.

6. MaromenoB M.A. MonekynsipHas ¢pusuka. Yacts 2. Metoandeckoe mocooue.

Paznen |. MEXAHUKA
@) OCHOGHAaA TUumepamypa:

1. CrpenxoB, Cepreit [laBmoBuu. Mexannka: yueOnuk / CtpenkoB, Cepreit
[TaBnoBuu. - U3x. 4-e, crep. - CII6. [u ap.] : Jlans, 2005. - 559 c. : un. ; 22
cM. - (JIyumme knaccuyeckue yuyeOHukH. @uznka) (YueOHUKHU NIl BY30B.
CrnenuansHas nuteparypa). - ISBN 5-8114- 0622-3 : 410-30.

2. AnemkeBnu B.A., Jlemenxo JLI'., KapaBaes B.A.. -MexaHnuka.
ACADEMA. M.; 1997, 2011 (YHuBepcUTEeTCKU Kypc 00IIeH (PU3UKH).


http://edu.dgu.ru/course/view.php?id=873
http://cathedra.dgu.ru/Content/files/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9%20%D1%84%D0%B0%D0%BA%D1%83%D0%BB%D1%8C%D1%82%D0%B5%D1%82/%D0%9A%D0%B0%D1%84%D0%B5%D0%B4%D1%80%D0%B0%20%D0%BE%D0%B1%D1%89%D0%B5%D0%B9%20%D0%B8%20%D1%82%D0%B5%D0%BE%D1%80%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B8/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B9%20%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B5%20%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B/%D0%93%D0%B0%D0%B4%D0%B6%D0%B8%D0%B5%D0%B2%20%D0%A1_%D0%9C_%20%D0%9E%D0%BF%D1%82%D0%B8%D0%BA%D0%B0_%20%D0%A7%D0%B0%D1%81%D1%82%D1%8C%20I_%20_%20%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5%20%D0%BF%D0%BE%D1%81%D0%BE%D0%B1%D0%B8%D0%B5.pdf
http://cathedra.dgu.ru/Content/files/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9%20%D1%84%D0%B0%D0%BA%D1%83%D0%BB%D1%8C%D1%82%D0%B5%D1%82/%D0%9A%D0%B0%D1%84%D0%B5%D0%B4%D1%80%D0%B0%20%D0%BE%D0%B1%D1%89%D0%B5%D0%B9%20%D0%B8%20%D1%82%D0%B5%D0%BE%D1%80%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B8/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B9%20%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B5%20%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B/%D0%93%D0%B0%D0%B4%D0%B6%D0%B8%D0%B5%D0%B2%20%D0%A1_%D0%9C_%20%D0%9E%D0%BF%D1%82%D0%B8%D0%BA%D0%B0_%20%D0%A7%D0%B0%D1%81%D1%82%D1%8C%20II_%20_%20%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5%20%D0%BF%D0%BE%D1%81%D0%BE%D0%B1%D0%B8%D0%B5.pdf
http://cathedra.dgu.ru/Content/files/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9%20%D1%84%D0%B0%D0%BA%D1%83%D0%BB%D1%8C%D1%82%D0%B5%D1%82/%D0%9A%D0%B0%D1%84%D0%B5%D0%B4%D1%80%D0%B0%20%D0%BE%D0%B1%D1%89%D0%B5%D0%B9%20%D0%B8%20%D1%82%D0%B5%D0%BE%D1%80%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B8/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B9%20%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B5%20%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B/%D0%9C%D0%B0%D0%B3%D0%BE%D0%BC%D0%B5%D0%B4%D0%BE%D0%B2%20%D0%9C_%D0%90_%20%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D1%8B%20%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B3%D0%BE%20%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F_%20_%20%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5%20%D0%BF%D0%BE%D1%81%D0%BE%D0%B1%D0%B8%D0%B5.pdf
http://cathedra.dgu.ru/Content/files/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9%20%D1%84%D0%B0%D0%BA%D1%83%D0%BB%D1%8C%D1%82%D0%B5%D1%82/%D0%9A%D0%B0%D1%84%D0%B5%D0%B4%D1%80%D0%B0%20%D0%BE%D0%B1%D1%89%D0%B5%D0%B9%20%D0%B8%20%D1%82%D0%B5%D0%BE%D1%80%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B8/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B9%20%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B5%20%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B/%D0%9C%D0%B0%D0%B3%D0%BE%D0%BC%D0%B5%D0%B4%D0%BE%D0%B2%20%D0%9C_%D0%90_%20%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D1%8B%20%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B3%D0%BE%20%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F_%20_%20%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5%20%D0%BF%D0%BE%D1%81%D0%BE%D0%B1%D0%B8%D0%B5.pdf
http://cathedra.dgu.ru/Content/files/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9%20%D1%84%D0%B0%D0%BA%D1%83%D0%BB%D1%8C%D1%82%D0%B5%D1%82/%D0%9A%D0%B0%D1%84%D0%B5%D0%B4%D1%80%D0%B0%20%D0%BE%D0%B1%D1%89%D0%B5%D0%B9%20%D0%B8%20%D1%82%D0%B5%D0%BE%D1%80%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B8/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B9%20%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B5%20%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B/%D0%9C%D0%B0%D0%B3%D0%BE%D0%BC%D0%B5%D0%B4%D0%BE%D0%B2%20%D0%9C_%D0%90_%20%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0_%20%D0%A7%D0%B0%D1%81%D1%82%D1%8C%201%20_%20%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5%20%D0%BF%D0%BE%D1%81%D0%BE%D0%B1%D0%B8%D0%B5.pdf
http://cathedra.dgu.ru/Content/files/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9%20%D1%84%D0%B0%D0%BA%D1%83%D0%BB%D1%8C%D1%82%D0%B5%D1%82/%D0%9A%D0%B0%D1%84%D0%B5%D0%B4%D1%80%D0%B0%20%D0%BE%D0%B1%D1%89%D0%B5%D0%B9%20%D0%B8%20%D1%82%D0%B5%D0%BE%D1%80%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B8/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B9%20%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D1%8B%D0%B5%20%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B/%D0%9C%D0%B0%D0%B3%D0%BE%D0%BC%D0%B5%D0%B4%D0%BE%D0%B2%20%D0%9C_%D0%90_%20%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F%20%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0_%20%D0%A7%D0%B0%D1%81%D1%82%D1%8C%202%20_%20%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5%20%D0%BF%D0%BE%D1%81%D0%BE%D0%B1%D0%B8%D0%B5.pdf
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3. MartBeeB, Anekceit HukonaeBudu. Mexanuka U T€OpHsi OTHOCUTEIBHOCTH :
yae0. mocooue / MatBeeB, Anekcelr Hukonaesuu. - U3n. 4-¢, crep. - CIIO.
[u np.] : Jlans, 2009. - 324,[12] c. - (YueOHuku ayist By30B. CrienpaibHast
muteparypa). - ISBN 978-5-8114-0965-5 : 390-06.

4. Xaiikun, CemcH DMManymnoBud. OU3n4ecKiue OCHOBBI MEXaHUKH : yuel.
nocobue / Xarikud, Cemén DmmanymnoBud. - U3a. 3-e, crep. - CII6. [u ap.]
: Jlanp, 2008. - 754,[14] c. - (YueOnuku mis By30B. CrenuanbHas
muteparypa). - ISBN 978-5-8114-0895-5 : 489-94.

5. CuyxuH [[.B. O6mmii kypc puzuku. T.1. Mexanuka. CII106.; «Jlaub», 2006.

6. O0muit Qusnueckuit npakTukym. Mexanuka. [lox penmakmuenn A.H.
MartseeBa u JI.®. Kucenésa. M.; M3a. Mock. YHuBepcutera, 1991.

7. Mexanuka. OOmmii (u3nyecKuil MpakTUKyM [DJIEKTpOHHBIN pecypc] :
yueOnoe mocodue / C.U. UcaraeB [u ap.]. — ODIEKTPOH. TEKCTOBBIC
naHHble. — Anmatel: Kazaxckuili HallMOHAJIBHBIM YHUBEPCUTET HUM. allb-
®apabdbu, 2014. — 210 c. — 978-601-04-0462-5. — Pexum nocryna:
http://www.iprbookshop.ru/58710.html (0oama obpawenus: 09.10.2021)

8. bapcykoB B.M. ®usnka. Mexanuka [DJIEKTpOHHBIA pecypc] : ydeOHOE
mocoOue I CTYJICHTOB BBICIIUX YYCOHBIX 3aBEICHUHN, 00yUJaAIOIUXCS TI0
TeXHUYCCKUM HAINpPaBJICHUSAM TIOJATOTOBKM W croeruaibHocTsM / B.H.

bapcykos, O.C. JImutpueB. — DJIEKTPOH. TEKCTOBbIE AaHHbIe. — TamOOB:
TamOOBCKUI TOCYIapCTBEHHbIM TexHuuyeckuii yHuBepcuter, ObC ACB,
2015. — 248 c¢. — 978-5-8265-1441-2. — Pexum jgocrymna:

http://www.iprbookshop.ru/63918.html (oama ob6pawenus: 09.10.2021)

9. IloB3uep A.A. ®usuka. ba3osbiii kypc. Hacts 1 [DnekTpoHHBIN pecypc] :
yueOHoe mocooue / A.A. Tlo3uep, A.I'. AumpeeBa, K.A. llymuxuna. —
ONeKTpoH. TEKCTOBble  gaHHble. —  ExarepunOypr:  Ypanbckuii
dbenepanpubiii yauBepcuter, 9bC ACB, 2016. — 168 ¢. — 978-5-7996-
1701- 1. — Pexxum nocryma: http://www.iprbookshop.ru/68406.html (oama
obpawenus: 09.10.2021)

10. 3103uH A.B. ®usuka. Mexanuka [DJIEKTpOHHBIM pecypc] : yueOHoe
nocodbue s By30oB / A.B. 3rwo3uH, C.b. Mockosckuii, B.E. TypoB. —
DIIEKTPOH. TEKCTOBBIE NaHHble. — M. : Akanemuueckuii [Ipoekr, 2015. —
436 ¢. —  978-5-8291-17/45- 0. —  Pexum  noctyma:
http://www.iprbookshop.ru/36623.html (oama obpawenus: 09.10.2021)

0) OoononnumenvHan 1umepamypa:

1. 3ucman, ['upm A6pamoBuu. Kypc obmieit pusuku : B 3-x T.: yued. mocodue.
T.1 : Mexanuka. MonekymnspHas ¢usuka. Komebanus m BomHbl / 3ucMaH,
['mpmr A6pamosuy, O. M. Togec. - 7-e u3z., crep. - CII6. : Jlans, 2007. -
339 c¢. : un. - (YueOnuku nns By30B. CrenmanbHas JuTeparypa). -
Homymeno MO P®. - ISBN 978-5-8114- 0752-1 : 371-36.

2. Uponos, Uropr EBrenbeBuu. MexaHuka: OCHOBHBbIE 3akoHbI / Mpomos,
Urops EBrenbesuu. - 8-¢ uza., crep. - M. : BUHOM. Jlabopartopust 3HaHuUi,
2006. - 309 c. - PexomenmoBano MO P®. - ISBN 5-94774-413-9 : 80-85.


http://www.iprbookshop.ru/58710.html
http://www.iprbookshop.ru/63918.html
http://www.iprbookshop.ru/68406.html
http://www.iprbookshop.ru/36623.html
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3. CasenbeB, Urops Brnagumuposuu. Kypc o6meit ¢usuku : B 3-x T. T.1 :
Mexanuka. Monekynsipraas ¢usuka / CasenseB, Urops Braaumuposuu. -
10-e u3m., crep. - CIIG. : Jlanp, 2008. - 432 c. : wn. - (YueOHUKH IJIs BY30B.
CrenmanbHas nutepatypa). - Jomymeno MO PO. - ISBN 978-5-8114-0629-
6 : 350-02.

4. bonnapes, bopuc Bnagumuposuu. Kypc oOmieit ¢pusuku : [B 3-X KH.: y4eO.
noco6ue]. Ku.1 : Mexanuka / bonmapes, bopuc Brnagumuposuu, H. II.
Kamamnukos. - U3a. 2-e, crep. - M. : Beicmun. mk., 2005. - 351,[1] c. -
Pexomennosano MO P®. - ISBN 5-06-004603-6 : 280-50.

5. ®pum, Cepreit Onyapaosuy. Kype obuieit ¢puszuku : yue6Huk: B 3-x T. T.1 :
dusnyueckre OCHOBBI MexaHUKH. MounekyinspHas ¢uszuka. Konebanus u
BostHbl / @put, Cepreit Dnayapaosud, A. B. Tumopesa. - U3xa. 12-e, crep. -
CII6. [m nmp.] : Jlamw, 2007. - 470 c. : un. - (Kmaccuueckas ydeOHas
auteparypa no gusuke) (YueOHuku s By30B. CrienialibHasi TuTeparypa).
- ISBN 978-5-8114-0662-3 (O6mwuit) : 330-00.

6. 3ro3uH A.B. ®usnka. Mexanuka [ DJIeKTPOHHBIN pecypc] : yaeOHoe mocodune
st By30B / A.B. 3io3un, C.b. Mockosckuii, B.E. TypoB. — DnekTpoH.
TEeKCTOBBIC NnaHHble. — M. : Akagemudeckuii [Ipoekr, 2015. — 436 ¢. —
978-5-8291-1745- 0. — Pexum JOCTyma:
http://www.iprbookshop.ru/36623.htm (oama obpawenus: 09.10.2021)

Paznen |1. Monekyasipaas puszunka
@) OCHOGHAaA TUumepamypa:

1. Kuxoun, Abpam KoncrantuHoBud. MonekynspHas ¢pusuka : yued. mocodue
/ Kuxoun, A6pam Koncrantunosuu, U. K. Kukoun. - U3n. 3-e, ctep. - CIIO.
[u np.] : Jlams, 2008, 2007. - 480 c. : un. - (Knmaccuueckas ydeOHas
auTeparypa no ¢usuke ) (YueOHuku s By30B. CrienuanbHas JUTepaTypa).
- Homymeno MO PO®. - ISBN 978-5-8114-0737-8 : 330-00.

2. MarseeB, Anekceit HukomaeBnu. Monekymsipaast pusuka : yue6. mocodue /
MartseeB, Anekceit Hukonaesuu. - 4- e usn., crep. - CII6;M;Kpacnonap :
Jlansw, 2010. - 671-88.

3. CuByxwuH, [Amutpuii BacunseBuu. O0muii kypc ¢usuku : Yuebd. mocodue
s pus. cnenuaneHOocTel By30B: B 5- Tt T. T.2 : Tepmomunamuka u
MousekyJsipHas pusuka / CuByxuH, mutpuiit BacunseBuu. - 4-e usg., crep. -
M. : ®UBMATIIUT; M®TH, 2003. - 575 c. : un. - ISBN 5-9221-0226-5 :
239-00.

4. Kpatkuii kypc ob6mieit ¢pu3uku [DIeKTpOHHBIN pecypc]: yueOHoe mocooue/

N.A. CrapoctuHa [uU 1p.].- DJIEKTpOH. TEKCTOBbIC JaHHBIC.- Ka3aHb:
KazaHCkuii  HaIMOHAIBHBIA  HCCJIEIOBATEIILCKUA  TEXHOJOTHYECKUMN
YHUBEPCUTET, 2014.- 376 (©.- Pexum OCTyma:
http://www.iprbookshop.ru/63716.html.-  OBC  «IPRbooks»  (dama
oopawenus: 09.10.2021)


http://www.iprbookshop.ru/36623.htm
http://www.iprbookshop.ru/63716.html

5.
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Huxepo B.A. ®usuka nis By30B. MexaHMKa W MOJIEKYJspHas (u3uKa
[DmexkTponHbIii pecypc] : yuebnmk / B.A. HwukxepoB. — DiekTpoH.
TeKcToBbIe maHHble. — M. : JlamkoB u K, 2015. — 136 ¢. — 978-5-394-
00691-3. — Pexum gocryma: http://www.iprbookshop.ru/14630.html (oama
oopawenusi: 09.10.2021)

TammeikoBa-bymkesny .M. @usuka. Yacts 1. Mexanuka. MosekynsipHas
bu3MKa U TEPMOJMHAMUKA. DJIEKTPUYECTBO U MArHeTU3M [DIIEKTPOHHBIHI
pecype] : yueonuk / .M. TammsikoBa-byiikeBud. — DIEKTPOH. TEKCTOBbIE
manaele. — MuHck: Bemmiimas mkona, 2014. — 304 ¢. — 978-985-06-
2505-2. — Pexxum poctyma: http://www.iprbookshop.ru/35562.html (oama
oopawenus: 09.10.2021)

Enkanoa T.M. IIpakTuKyM N0 MOJEKYJSIpHOM (pu3uke [DIEKTPOHHBIN
pecypc]: yuebnoe mocodbue / T.M. EnxanoBa. — DJIEKTPOH. TEKCTOBBIC
nanaele. — CapatoB: At [Im Op Menua, 2018. — 146 c. — 978-5-4486-
0201-6. — Pesxxum moctyma: http://www.iprbookshop.ru/72811.html (oama
oopawenus: 09.10.2021)

0) OononnumenvHan 1umepamypa:

1.

CagenbeB, Mrops Bragumuposuu. Kypc o6meit ¢usuku : B 5 kH. Ku.3 :
Monekynspuas ¢usuka u TepmoauHamuka / CasenbeB, Hrops
Brnagumuposud. - M. : Actpens: ACT, 2005. - 208 c. : w1 - ISBN 5-17-
008962-7 (ACT) : 150-00.

CagenbeB, Urops Bnanumuposuu. Kypc oOmeit ¢usuku : B 3-x 1. T.1 :
Mexanuka. MonekynspHas ¢usuka / CaBenbeB, Urops BragumupoBuu. -
10-e uzn., crep. - CIIO. : Jlanb, 2008. - 432 c. : un. - (YueOHUKH AJIs BY30B.
CrnenmanbHas nuteparypa). - Jomymerno MO P®. - ISBN 978-5-8114-0629-
6 : 350-02.

®uznueckuii npaktukym /Ilox pea. nmpod. B.W. seponosoii — M.: Hayka,
1967.

MaromenoB X.A. YueOHOE 1TOCOOHE MO BBHITIOJHEHHIO JIAOOPATOPHBIX PadOT
1o MoJeKyisipHor ¢usuke. Yacts 1, gacts 2, 2004r.

MaromenoB X.A. Meroandeckoe ocoOre 1Mo BBITOIHEHUIO JTA00PATOPHBIX
paboT 1o MoneKysipHO (uzmke, 4acTh 1, gacts 2, 2003r.

MexaHuka u MoJIEKYJsipHasi (pu3uKa [DIEKTPOHHBIN pecypc]| : MPaKTUKYM /
N.A. JIbikoB [u ap.]. — DNEKTPOH. TEKCTOBBIC JaHHbIC. — ExaTepuHOypr:
VYpansckuii penepanbubiii yausepcutet, 9bC ACB, 2016. — 104 ¢. — 978-
5-7996-1667- 0. — Pexxum goctyma: http://www.iprbookshop.ru/66554.html
(0ama obpawenus: 09.10.2021)

Paznea l11. DnexkTpryecTBO M MarHeTusm
a) Ocnosnasa rnumepamypa:


http://www.iprbookshop.ru/14630.html
http://www.iprbookshop.ru/35562.html
http://www.iprbookshop.ru/72811.html
http://www.iprbookshop.ru/66554.html
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1. Kanamraukos, Cepreit ['puropbeBud. DIeKTpUYECTBO : [yuebd. mocodue s
¢u3. crenmansHoCcTe By3oB| / Kamamuukos, Cepreit I'puropreBud. - 6-¢
u3., crep. - M. : ®usmartnut, 2004. - 624 c. : un. ; 22 cm. - [Ipeam. ykas.: c.
621-624. - Jlommymeno MO P®. - ISBN 5- 9221-0312-1 : 298-54.

2. MartBeeB, Aunekceit HukomaeBud. DJIEKTpUUECTBO M MarHeTu3M : ydeO.
nocobue / MarBeeB, Anekceit Hukomaesuu ; 3-e¢ um3m., crep. - CII6; M
;Kpacnonap : Jlans, 2010. - 671-88.

3. CuyxuH, JImutpuii BacunseBnu. O06mmii kypc ¢usuku : [B 5 T.: yueo.

nocobue s gus. cnenuranbHocTed By30B]. Ontuka / CuByxuH, JMutpuit

BacunwseBuu ; T.3. - 3-e u3z., crep. - M.; Honronpyausiii : dusmariur;

N3n-Bo MOTU, 2005. - 791 c. : un. ; 22 cm. - PekomengoBano MO PO. -

ISBN 5-9221-0228-1 : 262-02.

Koznos B.W. " O6muii pusnyeckuii npakrukym" uzn. MI'Y, 2000r.

DnexkTpoMarHeTusM : yued.-MeToJl. mocobue 1o Kypcy obml. (usuku /

[cocT.: B.C. Kypb6anucmaumno, M.A. I'mpaeB]; MunoOpnayku Poccun,

Jlarect. roc. yH-T. - Maxaukaina : U3n-Bo 'Y, 2013. - 149 c. - 97-00.
6. MemxkoB WM.H. DnexrpomarautHoe mone. Yacte 1. DnexTpuuecTBO H

o b

MarHeTusMm [OnektponHbiii pecypc] / U.H. Memkos, b.B. Yupuko. —
ONEeKTpOH. TEKCTOBblE aaHHble. — MockBa, WMxkeBck: PerynsipHas u
xaoTuueckas nuHamuka, 2014. — 544 ¢. — 978-5-93972-979-6. — Pexum
noctyma:  http://www.iprbookshop.ru/28923.ntml  (0ama  obpawenus:
09.10.2021).

7. OxonomoBa JI.LH. ®wuszuka. Tembl 1-4. DNEKTpUYECTBO U MAarHETU3M
[DnexTpoHHBIN pecypc] : cOopHuKk TecToB U 3anad / JL.LH. DxonomoBa. —
DJIEKTPOH. TEKCTOBbIE AaHHbIe. — M. : M3marensckuii Jlom MUCuC, 2015.
— 132 c¢. — 978-5-87623- 877-1. — Pexum [1ocTymna:
http://www.iprbookshop.ru/56604.html (0ama obpawenus: 09.10.2021).

8. EnxanoBa T.M. IlpakTtukyM 1o Kypcy «IJIEKTPUYECTBO M MArHETHU3M)
[DnexTpoHHBIN pecypc] : yueObHoe nocobue / T.M. EnkanoBa. — DJIeKTpOH.
TekcToBbIe AaHHbIe. — CapatoB: Aii [Iu Op Menua, 2017. — 255 ¢. — 978-
5-4486- 0148-4. — Pexxum aoctyma: http://www.iprbookshop.ru/71578.html
(0ama obpawenus: 09.10.2021).

9. Jlatpmmienko K.II. Texuuyeckue wusMmepenus wu mnpuOopsl. Yacts |
[DnexkTponHbIi pecypc] : yuebHoe mocobume / K.II. Jlareimenko. —
DnexTpoH. TeKCTOBBIC MaHHble. — CapartoB: By3oBckoe oOpazoBanue, 2013.
— 480 C. — 2227-8397. — Pexxum IOCTyTa:
http://www.iprbookshop.ru/20403.html (0ama obpawenus: 09.10.2021).

0) lononnumenvnan 1umepamypa:


http://www.iprbookshop.ru/28923.html
http://www.iprbookshop.ru/56604.html
http://www.iprbookshop.ru/71578.html
http://www.iprbookshop.ru/20403.html
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CagenbeB, Urops Bnagumuposuu. Kypc ¢usuku : yued. nocodue: [B 3-x T.].
T.2 : DnextpuuectBo. Konebanus u Bonusl. BonHosas ontuka / CaBenbes,
Urope Brnagumuposu. - 4-e uzna., crep. - CI16.u ap. : Jlans, 2008. - 467 c. :
ui. - (YueOHuku 115 By30B. CrieniuanbHas nureparypa). - Jonymeno HMC.
- ISBN 978-5-8114-0686-9 : 350-02.

['mpaee M.A., KypOanucmamno B.C. DnexrtpomarnHerusm. Maxaukana,
2010.

HNames M.U. PaGoume mnporpamMmbl U OIOPHBIM KOHCIEKT MO KYypCy
"OnektpuuecTtBo 1 Maruetn3M' Maxaukana 1999r.

HNamue M.M. T'upaes M.A. Metonuueckue ykazaHus K JIaOOpaTOpHBIM
paboTtam 1o 3rekTpudecTBy" Maxaukana 1998r.

['yceiixanoB M.K., Hcaes M.A., l'yiimanaeea T.A. DIEKTpUYECTBO U
MarHeTusMm /MeTroauueckue yKa3aHusi K JIabopaTOpHBIM paboTaMm 10
sanexkTpudecTBy. Maxaukama 2011 132 c.

DJIEKTPUYECTBO U MarHEeTU3M : paboune MporpaMMbl U OTIOPHBINA KOHCTIEKT /
[cocT.: M.K. I'yceitxanos, ¥Y.I'.-I'. MaromenoBa]; Munobpuayku Poccun,
Jlarect. roc. yH-T. - Maxaukaina : U3n-Bo 'Y, 2013. - 94 c. - 64-00.
KanamuankoB, Hukonait IlaBaoBu4. ®uzuka: HHTEpHET-TECTHPOBAHUE
0a30BbIX 3HaHMH : [yueO. mocobue] / Kamamnukos, Hukomait [TaBnosuy, H.
M. KosxeBuukos. - CII6. [u ap.]: Jlans, 2009. - 149,[11] c. - (YueOuuku mist
By30B. CriernanbHas utepatypa). - ISBN 978-5-8114-0925-9 : 142-56. (26

IK3).

Pa3zgea IY. OIITUKA

OcHoBHas JuTeparypa

1.

B ow

CuByxuH, Imutpuit BacunbeBuu. OOmuid xkypc ¢usuku : [B 5 T.: yueo.
nocobue s pu3. cneuuranbHocTed By30B]. Ontuka / CuByxuH, JMutpuit
Bacunbesuy; T.4. - 3-e uzn., crep. - M.; Jlonronpyaasriii : ®@usmartiaut; U3n-
B0 MDTH, 2005. - 791 c. : mi.; 22 cMm. - Pekomennosano MO P®. - ISBN 5-
9221-0228-1: 262-02.

Jlanac6epr I'.C. Ontuka. Yueb. mocobue s By30B. 6-¢ wu3m.,- M.:
®du3mariaur, 2003,--848 c.

MatseeB A.H. . Ontuka. M.; Beiciias mkoia, 1985.

KanureeBckuit, Hukonait iBanoBuu. BonHOBas ontuka : yue6. mocooue asis
By30B / KanureeBckuii, Hukonait UBanosuu. - 5-¢ uzs., crep. - CII6. : Jlans,
2008. - 466 c. - (YueOnuku mns By3oB. CrenuanbHas JTUTEpaTypa). -
ISBN 978-5-8114-0666-1: 348-04. (31 3k3).

Ontuka. JlaGopaTopHblii TPakTUKyM [DJEKTPOHHBIM pecypc] : ydeOHo-
Metoaudeckoe nocodue / JI.C. Butiokosa [u 1ip.]. — DJIEKTPOH. TEKCTOBbIE
nanubeie. — ExatepunOypr: Ypanbckuit ¢denepanbhbiii yauepcuter, ObC



o1

ACB, 2016. — 224 c¢. — 978-5-7996-1674-8. — Pexum noctymna:
http://www.iprbookshop.ru/66179.html (0ama obpawenus: 09.10.2021).

6. I'opsiues b.B. Ilpaktuyeckue 3ansTuss mo oOmer ¢usuke. Onrtuka
[DnekTpoHHBIN pecypc]: yuebHoe mocobue/ ['opsuer b.B., MorunpHUITKAN
C.Bb.- DnekTpoH. TekcToBble JaHHbIC.- ToMck: TOMCKHI MONUTEXHUYECKUI
YHUBEPCHUTET, 2014.- 91 C.- Pexum JOCTyma:
http://www.iprbookshop.ru/34698.html. - 3BC «IPRbooks». (dama
oopawenus.: 09.10.2021).

7. OnTtuka (BUpTyajdbHbIE MOJAENIH) [DIEKTPOHHBIA pecypc]| : METOAMYECKHUE
yKa3aHUsl K Ja0OpaTOpHBIM paboTaMm JUisl CTYACHTOB BCEX HaIpaBJICHUI
noArotoBku, peanuzyembix HUY MI'CY /.- DneKkTpoH. TEKCTOBbIE JaHHBIE.
- M.: MOCKOBCKHMI TOCYTapCTBEHHBIN CTPOUTENBHBIA YHUBEPCUTET, Al [1n
Op Memma, ObC ACB, 2015. — 25 ¢. — 978-5-7264- 1125-5. — Pexum
noctymna:  http://www.iprbookshop.ru/36138.ntml  (0ama  obpawenus:
09.10.2021).

8. Muxaiinos B.K. Bonubl. Ontuka. ATomHas gusuka. MonekynsapHas ¢puznuka
[OnexTpoHHBIN pecypc]: yueObHoe mocodue/ Muxaiinos B.K., [landunosa

M.M.—  DnexTpoH.  TEKCTOBbIE  JaHHble.—  M.:  MOCKOBCKHI1
rocyJapCcTBeHHbIM cTpoutenbHblii yHuBepcuter, ObC ACB, 2016.— 144
c— Pexum poctynma: http://www.iprbookshop.ru/62614.html. — 3BC

«IPRbooksy» (0ama obpawenus: 09.10.2021).

9. MemepskoBa H.E. ®usmka. Ontuka [DIeKTpOHHBIM pecypc]| : ydeOHOe
nocooue / H.E. MemepsikoBa. — DJNEKTPOH. TEKCTOBbIE JaHHbIE. —
Bonrorpan: Bonrorpaackuii mHCTUTYT Ou3Heca, By3oBckoe o0pa3oBaHue,
2009. — 70 c¢. — 2227- 8397. — Pexum pgocryna:
http://www.iprbookshop.ru/11358.html (oama o6pawenus: 09.10.2021).

10.T'opsiueB  b.B. Ilpaktudeckue 3anstuss mo o6Omer ¢usuke. OnTHka
[OnexkTponHbIl  pecypc]: yueOHOoe mocobwe / Bb.B. Topsue, C.b.

MoruwibHUIKUN. — DJIEKTPOH. TEKCTOBbIe AaHHble. — Tomck: Tomckuit
noJuTeXHu4Yeckuil yausepcutet, 2014. — 91 ¢. — 2227-8397. — Pexum
noctyma:  http://www.iprbookshop.ru/34698.html  (0ama  obpawenus:
09.10.2021).

0) JlomoJiHUTe/IbHAA JIMTEpaTypa:
1. ®pum, Cepreit Dayapaosud. Kypc obmeit ¢pusvku : yueonuk: B 3-x 1. T.3 :
Ontuka. AtomHas ¢puszuka / ®pum, Cepreit Dnyapnosuy, A. B. Tumopesa. -
N3n. 9-e, crep. - CII6. [u ap.] : Jlanub, 2007. - 648 c. : wi. - (Knaccuueckas


http://www.iprbookshop.ru/66179.html
http://www.iprbookshop.ru/34698.html
http://www.iprbookshop.ru/36138.html
http://www.iprbookshop.ru/62614.html
http://www.iprbookshop.ru/11358.html
http://www.iprbookshop.ru/34698.html
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yuyeOHas auTeparypa no ¢usuke) (YueOHUKH 171 By30B. CrnenuanbHas
autepatypa). - ISBN 978-5-8114-0662-3 (O6mwuit) : 330-00.

CagenneB, Urops Biaanumuposuu. Kypc obmieit ¢pusuku : B 3-X T.: yueOHHK.
T.2 : DnextpuuectBo u MarHetusMm. Bomubl. Onrtuka / CasenbeB, Mropb
Bnagumuposuu. - 10-e uzz., crep. - CIIO. : Jlans, 2008. - 496 c. : un. -
(Yuebnuku st By3oB. CrnenmpanibHast auteparypa). - Pekomengoano MO
P®. - ISBN 978-5-8114-0631-9 : 379-94.

WNpmueB, Aungpert [AmutpueBud. dusuka : [ydeb.mocodbue] /HBnues,

Awnppeit Imutpuesuy. - U3a. 2-e, ucnp. - CII6. [u ap.] : Jlans, 2009. - 671
C. - (YueOnuku ninst By30B. CreninanibHast nurepatypa). - ISBN 978-5-8114-
0760-6 : 517-44. (8 7k3).

Pa3zgea Y. PUBUKA ATOMA

@) OCHOBHAA TUmMepamypa:

1.
2.

10.

11.

12.

MartgeeB A.H. Atomnas pusuka: Onukc. Mup u O6pazoBanue, 2007.
CagenbeB U.B. Kypc obmieii ¢pusuku kaura 5. KBanroBas ¢pusnuka. ATomHas
busuka. M.: Jlaub 2006. 368 c.

[nonbckuii 3.B. Atomuas ¢uszuka T.1. Beenenue B aroMmuyto ¢puzuky. M.
Jlanb. 2010. 560 c.

[Inonbckuii 3.B. OCHOBBI KBAHTOBOW MEXAaHUKH U CTPOCHHUE JICKTPOHHOM
obosiouku aroma. M.: Jlans. 2010. 448 c.

CagenbeB U.B. Kypc o6mieit ¢puzuku / M.B. CaBenbeB. — M.: U3n-Bo ACT,
2004. T.5.-368 c

CuByxun J[.B. Atomuas u sgepnas ¢usuka /J.B. CuByxun.— M.:
®dusmatiur, 2002. T.5. — 784 c.

[nonsckuii 3.B. Atomuas ¢usuka / 3.B. HInonbckuii. — M.: Hayka, 1984.

T.2.-447 c.

[TormoB A.M., Tuxonosa O.B. Jlekuun no aromHoi ¢usuke, M.: ®us. daxk.
MI'Y, 2007

Matsee A.H. Atomuas ¢usuka, M.: Beicias mikosna, 1989

COopuuk 3amau 1o aroMHoW ¢usuke. M: duzdpaxk MI'Y, 2010 (mox
penakuueit C.C. Kpacunbaukosa, A.M. ITonosa, O.B. TuxoHoBOI).

I'ynseB A.B., KpacunsuukoB C.C., [TonoB A.M., Tuxonosa O.B., Xapun
B.}O. Cto oqunHanuarh 3a1a4 no atoMmHout ¢pusuke, M.: MI'Y, 2012.
COopHuk BOMpocoB U 3amay no obuied pusuke. Paznen 3. Ontuka. Paznen

4. KsantoBas ¢usuka [DnektpoHubli pecypc]/ H.B. Couna [u nap.].-
DJIEKTPOH. TEKCTOBbIe naHHbIe.- M.: Ilpometelt, 2013.- 194 c.- Pexum
nocryma: http://www.iprbookshop.ru/24021.html. - 3BC «IPRbooksy» (dama
oopawenus.: 09.10.2021).


http://www.iprbookshop.ru/24021.html

13.

14.

15.

16.
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®usuka aroma : JIab. npaktukym /Anekcees B. I[1. — PHO Spoci. roc. yu-
ta, 2004 — 83 c. Ucrounuk: Poccuiickas rocymapcTBeHHas OMOIMOTEKA
(PT'B)

MartsimieB A.A. AtomHas pusuka. Tom 1 [DnexkTpoHHBIN pecypc] : yaeOHoe

nocobue / A.A. MarsimeB. — DIEKTpOH. TeKcToBble manHbie. — CIIO. :
Cankr-lleTepOyprckuii nonmrexnuueckuii ynusepcuter Ilerpa Bemmkoro,
2014. — 531 c. — 978-5-7422-4209-3. — Pexum pocryna:

http://www.iprbookshop.ru/43939.html (0ama oopawenus: 09.10.2021).

MartsieB A.A. AtomHas ¢usuka. Tom 2 [DaeKTpoHHBIN pecypc] : yueOHoe
nocobue / A.A. MartbimeB. — DJIEeKTpOH. TekcToBbie aAaHHble. — CIIO6. :
Cankr-IletepOyprekuii monurexHuueckuit yausepcuter Ilerpa Bemnmkoro,
2014, — 344 «c¢. — 978-5-7422-4210-9. — Pexum pgocrtyma:
http://www.iprbookshop.ru/43940.html (0ama obpawenus: 09.10.2021).

Ontuka. AtomHas ¢usuka [DJIEKTpOHHBIA pecypc] : aabopaTOpHBIM
npakTukyM / M.A. bemxansia [1 1p.]. — DIEKTPOH. TEKCTOBBIE TaHHbIE. —
CraBpomnonb: CeBepoKaBkasckuil ¢penepanbhbiii yauBepcuteT, 2015, — 123
C. — 2227-8397. — Pexxum JOCTYyIa:
http://www.iprbookshop.ru/63219.html (0ama obpawenus: 09.10.2021).

0) OonontnumenvHaa 1umepamypa:

1.
2.
3.

10.
11.

12.

13.

Jlopn JI., JIyoypos Jl. [Ipaktrdeckas cnexktpockonusi, M.: Hayka,1950.
Kanamuukos C.I'. DnektpuuectBo. Beiciias mkoia, 1976.

MyraeBa I'.U., Ddennuer A.3. DnekrpoHHasi 0a3a TECTOBBIX 3aJaHUM IS
MPOBEPKH MPUOOpETeHHbIX 3HaHUM. Maxaukana 2009. 500 3amanui.
MyraeBa I'.I., Ddenaune A.3. TecroBbie 3amanus no ¢uszuke. YueOHOE
rmocobue. Maxaukana uzmarenascto JI'Y. 2009. 34 c.

®uznyecknii MPaKTUKyM IO aTOMHOM (u3uke. Y4eOHO-METOIUYECKOE
nocobue, Maxaukana: UITI JIT'Y.2013.96 c.

Hponos M.E. COopHUK 3amay mo aTOMHOM (PU3MKE U siAEpHON (pu3MKe
/N.E. UponoB. — M.: Dueproatomusnar, 1984. — 215 c.

KucnoB A.H. Atomuas ¢usuka: yuyeOHOe mnocobue / A.H. Kucnos.
ExarepunoOypr: 'OY BIIO YI'TY-VYIIN, 2005. 139 ¢

bopu M. Atomuas ¢usuka, M.: Mup, 1965

Oeiinman P. delitnMaHoBCKHE JIeKIUU 110 (pusuke, 1.3,8,9 M.: Mup, 1967
®ano Y., ®ano JI. ®uszuka aromoB u mojekyn, M.: Hayka, 1980
MunanteeB B.Il. Atomuas ¢usmka, M.: 13-Bo YHuBepcuteTa ApyKObI
Hapo0B, 1999.

MuiianteeB B.II. ®@us3uka atoma u arOMHBIX siBJIeHUW. M3aaTenbCcTBO:
Abpuc, 2012. 399 c.

®du3rka aTOMHOTO sjipa [ DIEKTPOHHBINA pecypc| : yuebHoe mocodbue / . —
DnexkTpoH. TEKCTOBble JnaHHble. - HoBocubupck: HoBocubupckmii
rOCyapCTBEHHBIN arpapHblii yHUBEPCUTET, 30J0TOM Koisoc, 2014.- 129 c.
- 2227-8397. - Pexxum moctyma: http://www.iprbookshop.ru/64795.html
(0ama obpawenus: 09.10.2021).


https://нэб.рф/catalog/000199_000009_002484588/
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
http://www.iprbookshop.ru/43939.html
http://www.iprbookshop.ru/43940.html
http://www.iprbookshop.ru/63219.html
http://www.iprbookshop.ru/64795.html
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14. CnenmanbHble METOJBI U3MEPCHHUS (QU3MUYECKUX BEITUYUH [DIIEKTPOHHBIH

pecypc] : yuebHOe mocobue / A.B. ®demopoB [m ap.]. - DAEKTPOH.
TekcToBble naHHble. - CII6. : Yausepcuter UTMO, 2014. - 130 c. - 2227-
8397. - Pexum nocrtyma: http://www.iprbookshop.ru/68146.html (oama
oopawenus: 09.10.2021).
Pa3znen YI. DU3UKA ATOMHOI'O AAPA U DJIEMEHTAPHBIX
YACTUIL

@) OCHOBHAaA TUmMepamypa:

1.

Myxun, Koucrantun HukudopoBuyu. DOKcrnepuMeHTalbHas — sAepHas
¢usuka: yueOnuk: [B 3-x 1.]. T.2 : ®usuka saepHbIX peakuuii / MyxuH,
Koncrantun Hukudoposuu. - 6-e¢ uzn., ucnp. u gon. - CII6. u np. : Jlaus,
2008. - 318 c. : mi. - (YueOnuku a1 By3oB. CrieruaibHas JIMTeparypa). -
ISBN 978-5-8114-0740-8 : 345-40.

Myxun, Koncrantun Hukudoposud. kciepuMeHTalbHas sjiepHas hpu3nka
: yueOHUK: [B 3-x T.]. T.3 : ®u3uka sneMeHTapHbIX yacTull / MyxuH,
Kouncrantun Hukudoposuu. - 6-¢ uzn., uctp. u goi. - CI16. u ap. : Jlans,
2008. - 412 c. : un. - (YaeOnuku mys By30B. CrieniasibHast TuTepaTypa). -
ISBN 978-5-8114-0741-5 : 386-32.

[[upokos, FOpuit Muxaitnosuu. AnepnHas ¢puszuka : [yued. mocodue s
¢wus. cnen. By30B] / Illupokos, FOpuiit Muxaiinosuu, H. I1. FOquH. - 2-¢

u3 ., nepepad. - M. : Hayka, 1980. - 727 c. : un. ; 22 cMm. - (O6mmit kypc
buzukn). - 1-80.

PakoOonbckas, Upuna BauecnaBoBHa . SnepHas ¢pusnka : yueOHOe mocobdue
/ Pakobonbckas, Mpuaa BsdecnaBoBHa . - 2-¢ u3., 101. U iepepad. - M.,
1981. - 280 c. - 0-95.

Kysnenos C.1. Kypc ¢huszuku ¢ npumepamu perenus 3agad. Yacts I11.
['eomeTpuueckas ¥ BOJHOBAsI ONTUKA. DJIEMEHThI aTOMHOM U SIACPHOMN
¢buszuku. OCHOBBI (PU3UKH DJIEMEHTAPHBIX YACTHUIL [ DIEKTPOHHBIN pecypc] :
yuebHoe nmocobue / C.W. Ky3HeroB. — DIEKTPOH. TEKCTOBBIC JJAHHbBIC. —
Tomck: Tomckuit nonuTexuudeckuii yausepcurert, 2015. — 302 ¢. — 978-
5-4387-0428-7. — Pexum poctyna: http://www.iprbookshop.ru/34672.htmi
(0ama obpawenus: 09.10.2021).

Kanyrkun JI.E. ®usuka. Ontuka. AToMHas U saepHas ¢usuka. Yacts 3
[DnexkTpoHHBIN pecypc] : yueOHOE mocoOue sl MPAKTUYSCKUX 3aHATHN /
H.E. Kanyrkun, B.B. Iltammumuckuii, FO.A. Paxmrtaar. — DIeKTpoOH.
TEKCTOBBIC AaHHBIe. — M. : M3marensckuii Jlom MUCuC, 2014. — 103 c.
— 978-5-87623-742-2. — Pexum JOCTyIa:
http://www.iprbookshop.ru/56599.html (0ama obpawenus: 09.10.2021).
MuxaitnoB M.A. fnepuas ¢usuka n Qusrka dIeMEeHTApHBIX YacTull. YacTh
1 [DnextponHbli pecypc]| : yueOHoe mocobume / M.A. MuxaitnoB. —
DJIEKTPOH. TeKCTOBbIC NaHHbIe. — M. : [Ipomereit, 2011. — 94 ¢. — 978-5-
4263-0048-4. — Pexum pgocrtyma: http://www.iprbookshop.ru/8306.html
(0ama obpawenus: 09.10.2021).


http://www.iprbookshop.ru/68146.html
http://www.iprbookshop.ru/34672.html
http://www.iprbookshop.ru/56599.html
http://www.iprbookshop.ru/8306.html
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MuxaiinoB M.A. fnepHas ¢usuka v Pusnka 3j1eMeHTapHBIX YacTull. YacTh
2. DiieMeHTapHBbIe YaCTHUILI [DIEKTPOHHBIA pecypc]|: ydebHoe mocodue /
M.A. MuxaiiioB. — ODJIEKTPOH. TEKCTOBbIE naHHble. — M.: IIpomereii,
2013. - 28 «c. - 978- 5-7042-2471-6. - Pexum gocryma:
http://www.iprbookshop.ru/58212.html_(0ama obpawenus: 09.10.2021).

0) OoonontnumenvHan 1umepamypa:

1.

CagenbeB, Urops Brnagumuposuu. Kypc dusuku : yued. mocobue: [B 3-X T.].
T.3 : KBanroBas ontuka. ATomHas ¢pusnka. Pusnka TBEpAoro tena. Gusnka
aTOMHOTO  siipa W 2yeMeHTapHbix dyactul / CasenseB, HWropb
BnagumupoBuu. - 2-e usn., crep. - CII6. [u ap.] : Jlans, 2006. - 302 c. : wi. -
(Yuebnuku mnsa By3oB. CnenmanbHas nurepatypa). - Homymeno HMC. -
ISBN 5-8114-0687-8 : 277-86.

Kypc oOmielt ¢pusuku: yuebHoe mocoOue st CTYJIEHTOB BBICIINX YYEOHBIX

3aBEICHUM, OOyYaOIMXCA IO TEXHUYECKUM, CCTCCTBCHHOHAYYHBIM U
MeJarornuecKuM HampaBjeHusM U crneruaibHocTsM / I'. A. 3ucman, O. M.
Tonec Onrtuka. Pusuka aToMOB W MOJIEKYyJ. PH3uMKa aTOMHOTO sapa H
mukpodactur. 2007.- 498 c. Hcrounuk: Poccwiickas rocyaapcTBeHHas
oubnuotexa (PI'D).

CagenbeB, Urops Bmamumupouy. Kype obmert ¢wusuku: B 3-x 1. T.3
KBanToBasi ontuka. AtomHas Qusuka. @usuka TBEpaoro tena. Pusnka
aTOMHOTO  siipa W  dyeMeHTtapHbix dvactui / CasenbeB, HWrops
BrnagumupoBuu. - 9-¢ usn., crep. - CIIG. : Jlans, 2008. - 317 c.: mi. -
(YueOnuku 115 By30B. CrienunanibHasi tuteparypa). - Jomnymeno MO P®. -
ISBN 978-5-8114-0632-6 : 320-10.

dusrka aTOMHOTO sjpa [DIEKTPOHHBIA pecypc] : ydeOHoe mocobue /. —
DOnexkTpoH. TeKCToBble maaHHble. — HoBocubupck: HoBocubupckuit
roCyapCTBEHHBIN arpapHbIii YHUBEPCUTET, 30J0TOM KoJoc, 2014. — 129 c.
— 2227-8397. — Pexxum noctyna: http://www.iprbookshop.ru/64795.html
(0ama obpawenus: 09.10.2021).

Ilepeuyenb pecypcoB MHGPOPMAIHOHHO-TEJIEKOMMYHUKALMOHHOH CeTH
«HTEepHET», HEOOXOAUMBIX /1JI51 OCBOEHUA TUCHMILINHBI:
DJIEKTPOHHO-OUOIMOTEYHAS cucrema (BBC) IPRbooks
(www.iprbookshop.ru).  Jlunensuonnsiii  gorosop Ne  6984/20 Ha
ANEKTpOHHO-OnOMMoTeunyto cucteMy I[IPRbooks ot 02.10.2020 r. Cpok
neiictuil gorosopa co 02.10.2020 r. mo 02.10.2021 r.

Moodle [Creyuanvuviii ¢usuueckuii npakmuxym no soeprou @usuxe]:
cucmema 8upmyaivbHo2o ooyuenuem. [6aza oamnvix] / Jae. 2oc. yn-m. —
Maxaukana, 2. — JJocmyn uz cemu J{I'V unu, nocie pecucmpayuu u3z cemu
VH-ma, u3 Ja00u mouku, umeroueu oocmyn 6 unmeprHem. — URL:


http://www.iprbookshop.ru/58212.html
https://нэб.рф/catalog/000199_000009_003360210/
https://нэб.рф/catalog/000199_000009_003360210/
https://нэб.рф/catalog/000199_000009_003360210/
https://нэб.рф/catalog/000199_000009_003360210/
https://нэб.рф/catalog/000199_000009_003360210/
https://нэб.рф/catalog/000199_000009_003360210/
http://www.iprbookshop.ru/64795.html
http://www.iprbookshop.ru/
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http://moodle.dgu.ru/ (0ama obpawenus: 27.09.2021).

. DNEeKTPOHHO-OUOIMOTEYHAs cucrema (BBC) «YHUBEpPCUTETCKAs
oubimoreka ommaita»:  Www.biblioclub.ru. oroBop 00 oka3anun
uHpopmarmorasix yeryr Ne 131-09/2010 ot 01.10.2020r. Cpok aeicTBus
norosopa ¢ 01.10.2020 no 30.09.2021 r. 537HauMeHOBaHUA.

. DnextpoHHo-OmOmoteynas cuctema «9bC JIAHbB https://e.lanbook.com/.
Jorosop NeCOb HB-278 Ha anekTpoHHO-OMOMMoTeunyto cucremy JIAHD
ot 20.10.2020 r. Cpoxk gerictuii foroopa co 20.10.2020 r. mo 31.12.2023r.
. Hayunas onexktponnas OubOnmoreka http: //elibrary.ru. JlunieHsnonHoe
cornamenue Ne 844 or 01.08.2014 r. Cpok aAeHCTBUSA COIVIAIICHUS C
01.08.2014 r. 6€3 orpaHMYeHHs CPOKA.

. HammmonaneHass o»nekTtpoHHas OubOimoreka  https:/H36.pd/.  dorosop
Nel01/HOB/101/HOB/1597 o npenocraBienun noctyna k HarmumoHanbHOU
aneKTpoHHOM 6ubmmoTeke oT 1 aBrycra 2016 r. Cpok neicTBHs 10roBOpa ¢
01.08.2016 r. 6e3 orpannvenus cpoka. JoroBop MOKeT NPOJIOHTUPOBATHCS
HEOTPAHWYCHHOE KOJUYECTBO pa3, €CIM HHU OJHA M3 CTOPOH HE JKEJIAET €ro
pPacTOpPTHYTh.

. Web of Science: Web of Science Core Collection 6a3sr nannsix Clarivate.
Cpok neiictBus 10 31.01.2021 r. ITucemo PODU ot 07.07.2020 r. Ne 692 o
MPEIOCTaBICHUN JIMIICH3MOHHOTO JOCTyNa K COACpKaHWIO 0a3 JTaHHBIX
Clarivate B 2020 r. webofknowledge.com

. Scopus: Scopus m3natenscTBa Elsevier B.V. Cpok aerictBus 10 31.01.2021
r. Ilucemo POOU ot 19.10.2020 r. Ne 1189 o mnpenocraBieHun
JUIEH3UOHHOTO  JIOCTyMa K  CoJAepXaHWI0 0a3bl  JIAaHHBIX  Scopus
uznarenabcTBa Elsevier B.V. B 2020 r. https://www.scopus.com

. MesxkayHapoaHoe u3narejbcTBo Springer Nature Kosuiekuus XypHaioB,
KHUT U 0a3 JaHHbIX u3gatenbcTBa Springer Nature. Cpok aedcTBUS 10
31.01.2021 r. IIucemo PODU ot 17.07.2020 r. Ne 743 o nmpenocraBiieHUH
JUIEH3UOHHOTO JIOCTyNa K CcoJepkaHWi0 0a3 JaHHBIX W3IaTeIbCTBA
Springer Nature B 2020 r. Ha YCIOBHSX HAllMOHAJIBLHOW MOJMUCKU
https://link.springer.com/

10.2Kypnansr American Physical Society. ba3si ganaeix APS (American

Physical Society). Cpox netictBus mgo 31.01.2021 r. ITucemo POPDOU ot
10.11.2020 r. Ne 1265 o mpeaocTaBlIeHWH JMUEH3UOHHOIO JOCTyIa K
cogepkanuio 0a3 ngaHHbiXx American Physical Society B 2020 1.
http://journals.aps.org/about

11.YuuBepcurerckas UH(pOPMALIMOHHAS cucremMa POCCHUA

https://uisrussia.msu.ru/


http://www.biblioclub.ru/
https://e.lanbook.com/
https://нэб.рф/
http://webofknowledge.com/
http://webofknowledge.com/
https://www.scopus.com/
https://www.scopus.com/
http://elib.dgu.ru/?q=node/740
https://link.springer.com/
http://elib.dgu.ru/?q=node/589
http://journals.aps.org/about
http://elib.dgu.ru/?q=node/955
https://uisrussia.msu.ru/
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10.MeToanueckue yKa3aHusi [JIA  OOy4YalOIIUXCSl 1O  OCBOEHHUIO
TUCUMILTHHBI.
Iloozomoeka K guzuueckomy npaKmuxkymy

Jlnst  maGopaTopHBIX 3aHATHH 1o auciurumHe «OO0mmit  Gusnyeckuii
IPaKTUKYM» y CTYJI€HTa JOJKHA OBITh OTHEibHAas TeTpaab. [Ipu moaroroBke k
7a00paTOPHOMY  3aHATHIO CTYJIEHT JOJDKEH MpopadoTaTh TEOPETUUYECKUN
MaTepual, OTHOCAIIMHCA K TeMe 3aHATHus. [Ipy 3TOM HEoOXOIHMMO BBISICHUTH
¢buznyecKkuit CMBICT BCEX BEJIMYMH, BCTPEUAIOIIUXCS B KOHCIEKTE MO JaHHOM
pabore. JIoJKeH COCTaBUTh KOHCIEKT, OTBETUTh MUChbMEHHO Ha BCE KOHTPOJIbHBIC
BOnpochl. JloMKeH 3HAaTh YCTAHOBKY, BBINOJIHEHUE pPaOOThI M  OXKHJIaeMble
pe3yibTaThl.

Opzanuzayus camocmoamenbHoii padbomol

PaGoueit mporpammoit gucruiuinHbl  «OOmuUNA  GU3UUECKUI MPAKTUKYM»
IpeIyCMOTPEHa caMOCTosATeIbHast pabota cryneHToB. CaMocTosiTenbHas padbora
MPEANOJaraeT: YTeHUEe CTYJACHTAMH PEKOMEHIOBAHHOW JUTEPATYpbl U YCBOEHUE
TEOPETHUYECKOr0 MaTepuana AUCHUIUIMHBI; MOATOTOBKY K MPAKTUYECKUM
3aHATHAM; pabory ¢ VHTEepHET-MCTOYHMKAMH; BBIIIOJIHEHHE TECTOBBIX U
WHIUBUYAIBHBIX 33/1aHU, IOATOTOBKY K Ca4ye 9K3aMEHOB.

[InanupoBaHre BpEeMEHM Ha CAMOCTOSITENbHYIO pabOTy, HEOOXOAMMOIrO Ha
U3Y4YEHUE HACTOSIIEH NUCUMIUIMHBI, CTYJE€HTaM Jy4ylle BCEro OCYIIECTBISATh Ha
BECh CEMECTp, MpelycCMaTpHUBasi IPU 3TOM PEryJISIPHOE MOBTOPEHUE MPOUIEHHOTO
Marepuana. Marepuan, 3aKOHCHEKTHUPOBAHHBIM Ha JIEKIUSAX, HEOOXOIUMO
pEryJIIpHO  JONOJIHATH  CBEACHUSMHM U3  JIUTEPATYpHBIX  UCTOYHUKOB,
MPEACTABICHHBIX B paboyeil mporpaMme AUCHUILUIMHBL. [1o Kaxxaoil w3 TeM s
CaMOCTOATEILHOTO M3yUeHHUsI, TPUBEACHHBIX B pabouel mporpaMMe JAUCIUILIUHEI,
cCleAyeT CcHayajla [pOYUTaTh PEKOMEHIOBAaHHYIO JUTEpaTypy H, IMpHU
HEOOXOJMMOCTH, COCTaBUTh KPATKUH KOHCIEKT OCHOBHBIX MOJIOXKEHUH, TEPMUHOB,
CBEJICHUM, TPEOYIOIIMUX 3alOMHHAHUS U SBJISIOIIMXCS OCHOBOMNOJAraloUMMHU B
OTOM TEME W I OCBOCHHMS MOCIEIYIOIUX pa3fnenoB Kypca. [ns pacmmpenus
3HAHWM 10 JUCUUIUIMHE PEKOMEHAYETCS MCIOJIb30BaTh VHTEpHET-pecypchl,
Matepuanbl caiita ¢usndyeckoro Gakynprera 'Y u oOydamommx mOporpamw,
MPEIOKEHHBIX IPENOIABATEIIEM.

11.1lepeyenr HHMPOPMAUMOHHBIX TEXHOJOTHH, HCHOJb3yeMbIX HpPH
OCYLLIECTBJICHHMH 00pa30BaTeJbLHOI0 Mpouecca mo AMCUMILINHE, BKJIIOYasi
nepeyeHb NMPOrpaMMHOr0 odecrnevyeHuss 1 NHPOPMAIMOHHBIX CIIPABOYHBIX
CHCTEM.

YuebHas w Hay4dHas JuTepaTypa Mo Kypcy. Bumeozamucu, CBS3aHHBIE C
IPOrpamMMoi Kypca, KOMIIBIOTEPHBIE JIEMOHCTPALIMHN, TEXHUYECKHE BO3MOKHOCTH
JUTSL UX TIPOCMOTpa | mipociymmuBaHus. CBOOOIHBIN nocTym B IHTEpHET, HANIM4Yne
KOMITBIOTEPHBIX MPOTPaMM OOIIETO Ha3HAYCHUSI.

Omnepanuonnbie cuctembl: cemerictBa Windows (He Himke Windows XP).
Adobe Acrobat, Microsoft PowerPoint, WinDjView .



58

Ne AynuTopHoe Copepxanne | OOpazoBa- | Metoja 00y- AKTHBHBII
n/n 3aHsATHE TeJbHAasI YeHHs MeTo/
TeXHOJOTHsl o0y4JeHwust,
€1ocod
peaau3anuu
JlaGoparopHnas OreHka Texnonorus | Popmuposa- | UHauBHIyallbHOE
pabora ¢u- | morpemHocTH | muddepeH- HUE YMCHUH U | BLIOJHEHUE IO
3MYECKOTO H3MEPEHUi UpOBaHHOrO | HABBIKOB = | goprporem
[PaKTUKyMa 00yueHus PEHPOAYKTHE™ | nhenonaparens
HBIN MECTOQ o
nabopaTopHOit
paboThI o
UHCTPYKIUH
JlabopaTtopHas Orenka Texnonorus | Popmuposa- | MHIUBHIyalIbHOE
pabora ¢u- | morpemHOCTH | MU hEpeH- HUE YMCHUH U | BRITIOJTHEHHE IO
3MYECKOTO H3MEpeHU UpoBaHHOro | HABBIKOB - KOHTPOJIEM
[paKTUKyMa 00yueHus PCHPORAYKTHB™ | nhenonaBarens
HBbIM MCTO/ )
nmabopaTopHOM
paboTsI IO
HHCTPYKIUU
JlabopaTtopHas MeTtopl Texnonorus | Popmuposa- | MHIuBHITyallbHOE
pabora (hu- | MMHEHHBIX muddeper- HUE YMCHUHM U | BRITIOJTHEHHE IO
3MYECKOTO H3MEpeHU UpoBaHHOro | HABBIKOB - KOHTPOJIEM
[paKTUKyMa 00yueHus PCHPOAYKTHB™ | nhemonaBarens
HBbIM MCTO/ )
nmabopaTopHOU
paboTsI IO
HHCTPYKIUU
JlaGopartopHas Texnomorus | ®@opmuposa- | MHaAUBUAYaIbHOE
pabora tdhu- muddepen- HHME YMEHUH U | BRIIOJHEHHUE T1O]]
3MYECKOTO UpoBaHHOro | HABBIKOB - KOHTPOJIEM
NpaKTUKyMa 00yueHus PCHPORAYKTHB™ | hhenonaBarens
HBIM MCTOJ], 6 )
1a00paTOpHOI
paboTsI IO
HHCTPYKIUU
Texuonorus NunuBunyansHoe
muddepen- BEITIOJTHEHHE
IUPOBAHHOTO TIOMCKOBOM
U pa3BH- JTa00paTOpHOI
BaIOIIETO padoThI c
o0y4eHusl. BBIOOpOM
CosepleHCT- Haubolee
BO‘iaHH(; 3Ha- ONTHUMAJILHOTO
HUHU U POpMU-
p crocoba
poBaHHME yMe-
HUM ¥ HaBbI- peIICHNA
KOB - IIpo- MOCTaBJICHHOU
OJIEMHO- 3aa4u;
TTONCKOBBIN KOMIIBIOTEPHOE
METO
MOJICJINPOBaHNE
C TpUMEHEHHEM
pacyeTHo-
BBIYUCINTCIIbHBIX
U IIPOEKTHO-
rpaduUecKux

METOINK
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Onucanue MaTepHAJIbHO-TEXHHYECKOW 0a3bl, HEOOXOAUMOM ISt

OCYIIECTBJICHUA 06p33OBaTeJIbHOI‘O npouecca mo 1TMCuMIJInHe .

3aKpeIJICHHE TEOPETUYECKOTO MaTepuaia M MpUOOpEeTeHHE MPAKTUYECKUX
HABBIKOB HCIOJIB30BAHUS ammapaTypsl sl MPOBEPKH (PU3NUECKUX 3aKOHOB
oOecnieunBaeTcs 1ab0paTopusiMu (PU3MUECKOTO MPAKTUKYMa: MEXaHHKa — 2
7a6.; MoJIeKyJsipHas pu3uka — 2 jal.; IEKTPUISCTBO U MarHeTusM — 2 J1ao.;
ontuka — 2 nab.; ¢usuka atoma — 1 7a6.; U3MKM aTOMHOIO sjpa M
AJIEeMEHTapHbIX YacTull — 1 1ao.;

OpyU  TPOBEJICHUM 3aHSATUN HUCIOJIB3YIOTCS  KOMIIBIOTEPHBIE  KJIACCHI,
OCHAIIEHHBIE COBPEMEHHON KOMIIBIOTEPHOU TEXHUKOM;

IpU HU3JI0KCHHH TEOPETHUYECKOTO MaTepuaja HCIOIb3YeTCs JICKIIHOHHBIC
3aibl (4 1IT.), OCHALEHHBIE MYJIbTUMEINA MPOEKIIMOHHBIM 000pYA0BaHUEM
Y MTHTEPAKTUBHBIMH JIOCKaMHU,

KOMIUIEKT ~ MYJIbTHUMEIMHHBIX  CIIAWJ-JIGKIMH 1O BCEM  pasjeiam
JUCIUIINHBI;

KOMIUIEKT AHUMHPOBAHHBIX MHTEPAaKTUBHBIX KOMIIBIOTEPHBIX
JEMOHCTpALU [0 pAAY Pa3AeioB IUCHUIUIMHBI.
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Hpunoxenne 1.

SAJAYN OUZNYECKOI'O TIPAKTUKYMA HA IPUMEPE PA3JIEJIA
11 -2JIEKTPUYECTBO U MATHETU3M

[lear ¢u3MYecKOro NMpPakKTHKyMa — IOMOYb CTyJIEHTaM (ydallumcs) B
BBIMIOJTHEHUM 3a/lad TMpakTUdecko (pu3uku (PU3NYecKoro MpakTUKyma) II0
AIIEKTPOMArHETU3MY.

[TpakTnueckast ¢u3Mka, Kak HEOThEMJIEMas 4YacTh Kypca oOmell (usmkwy,
UIrpaeT TIJaBHYI poJIb B  O3HAKOMJIEHMM CTYJAEHTOB, (ydamuxcs) ¢
HKCIEPUMEHTAIbHBIMU OCHOBAaMHU (PYHJAMEHTAJIBHBIX (U3NYECKUX 3aKOHOB U
SIBJICHUH, METOIAMU U3YYEHUS (PUBUKU.

3anaun pU3NUECKOro MpakTUKyMa MO3BOJISIIOT:

1. IIporymrocTpupOBaTh TEOPETUUECKUE TTOJIOKEHUS.

2. [lo3zHakoMUTCS C IPUOOPAMH.

3. I[IpnoOpecTu ONbIT B IPOBEICHUH SKCIIEPUMEHTOB.

4. YuuTbiBaTh BO3MOXKHOCTh MPUCYTCTBUS OUIMOOK M MPUHUMATh MEPhI IS
UX YCTpaHEHHUS.

5. AmnHanuzupoBaTh pe3yJibTaThl HKCIEPUMEHTAa U JIeJaTh IPAaBHIIbHbIE
BBIBO/IBI.

B coorBerctBHE € 3TUM, B M0ocoOMH CGHOPMYIUPOBAHbI OIMUCAHUS K
71a00paTOPHBIM 33/1a4aM 10 IEKTPUUECTBY U MarHETU3MY.

Bce 3amaum npakTukyMmMa, conepKaT TpU pas3jelia:  KpaTkas Teopus
UCCIENYEMOTO SIBJIEHMS (CO CCBUIKOMW Ha IPOrpaMMHBIE JIMTEPATypPHBIE
UCTOYHHUKH), ONMUCAHUE SKCIIEPUMEHTAIbHOW YCTAaHOBKMU M OIKCAHUE OTAENIBbHBIX
yIpaxxHEeHUH ¢ ykazaHueM (OpMbl MPEACTABISAEMOTO OTYETA.

CTyneHT, MOJIyYMBIIMH JIOMYCK K BBIMOJHEHUIO J1a00paTOpHOM 3amaun
JTOJIKEH:

a) UMETh 2JIEMEHTAPHBIE CBEICHHS 00 U3MEPEHUSX;

0) yMETh OLICHMBATh TOUHOCTh OKOHYATEIBLHOTO PE3yJIbTATa;

B) BECTHU 3allCh U3MEPEHUI U pACUETOB aKKYpPaTHO, SICHO U KPATKO;
I') 10 HEOOXOIUMOCTH, IPEJICTABUTH UX B BUJIE TPa(PUKOB.

Boinonnenue n1wodvix nabopamopuvix 3a0ay, € paAMKax @Quiuueckozo
NPAKMUKYMA, 4€20-1Uub0 cmoam, eciu 0yoym coonooamsca npaKmudecKu éce
nepeuucienHble gvluie ycnous!

2.1. Opranuszanus ¥ MeTOAMKA NPoBeAeHUs PU3NIECKOro NPAKTUKYMA

BeimonHenne nabopaTopHbIX 3a7ad  (PUM3MYECKOro MNMPaKTHKyMa, Kak |
JAr000ro Jpyroro J1abopaTOPHOTO 3aJaHus, CJaraeTcsi W3 MpeABapUTEIbHON
MOJITOTOBKH, MPOBEACHUS J1a0OpAaTOPHOTO SKCIEPUMEHTA M COCTAaBJIICHUS OTYETa
1o pe3ysbTaTam padoThl.

JlabopaTopHble 3a1aHKsI BBIIOJHAIOTCS CTYICHTAMHU COTJIACHO CEMECTPOBOMY
rpaduky, MO3TOMY KaXKAbId CTYIEHT 3HAET CPOKM M IMOCIEI0BATEIbHOCTh HX
BBITNIOJIHEHMSI B TEUEHUE CEMECTpa U MUMEET BO3MOXKHOCTb MOJATOTOBUTBHCS K HUM
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3apanee. [loarotoBka  JokHA OPOBOJUTHCA B ONpENEIECHHOM
nocieaoBaTeabHOCTH. [Ipexkae Bcero, Hy’KHO 03HAKOMUTBLCS C OMUCAHUEM PAOOTHI,
U3YYUTh €€ TeOpPETHUEeCKOoe 00OCHOBaHWE, OOpaTHB 0CO0O€ BHMMAaHHE HA BBIBOJ]
pacueTHbIX popmyi. [l Gosee moaHOTo ySCHEHUS HEKOTOPHIX BOIIPOCOB TEOPUHU
ciemyeT oOpaTUThCA K PEKOMEHJAOBAHHOW JIUTEpPAType B KOHIIC OIHMCAHMS
BBITIOTHSIEMOW paOOThI. 3aTEM COCTABISETCA KOHCIEKT 3aJayd, KOTOPBIM Kpome
TEOPETUUECKUX CBEJICHUN COMEPKUT JaHHBIE 00 MCITONIB3yeMBIX PHOOpPAX, CXEME
AKCIIEPUMEHTAILHON YCTAHOBKH, O TOPSIIKE BBITTOJIHEHHS] PabOThI. [ OTOBHOCTH K
BBITIOJIHEHUIO 3a/IaHMsl TPOBEPSIETCS MPU OTBETE Ha KOHTPOJBHBIE BOIPOCHI,
3aJlaBaeMbI€ MIPEMNO0/IaBaTENIEM WU TTOMEILIEHHbIE B KOHIIE OMTMCAHUSI.

BrinonHenne 1abopaTopHbIX pabOT HAYMHAETCS ¢ 3HAKOMCTBA C MpPaBUJIAMU
BHYTPEHHETO PACIOpPsIKa U TEXHUKH O€30MaCHOCTU B JAHHOM J1abopaToOpHH.

2.2. OcHoénble memoouueckue mpeodo6anus K 6blnoJIHEHUI0
npaKmuyecKux 3a0ay, Hanpumep, no IJ1eKMPOMAZHEMUIMY

1. Tlpu cOopke cxembl CIEIUTh 3a MPOYHBIC COCIUHEHUS MOHTAXKHBIX
MPOBOJIOB C KJIEMMaMH.

2. IMogximrouaTs TPUOOPHI K UCTOYHUKY DJICKTPUICCKOTO TOKA TOJIBKO TIOCTIE
MPOBEPKU COOPAHHOM CXEMBI IIPETO1aBaATEIIEM.

3. B ciywae Kakux-TuOO TEPECOCOUHEHUN TMPOBOAHUKOB, IEpE]
MOAKIIOUCHUEM K HMCTOYHHMKY TOKa, CXeMa JOJDKHA OBITh CHOBA MPOBEPEHBI
npenojaBaTesieM.

4. 3anpemaercs OCTaBJIATh 0€3 MPUCMOTPA CXEMbI W MPUOOPHI TO]
HaIPsHKCHUEM.

5. B cmnydae Bbixoma u3 cTposi mnpubopa HEOOXOIUMO HEMEIJICHHO
OTCOEMHUTH CXEMY OT UCTOYHUKA MUTAHUS U COOOITUTH 00 ATOM IMPEINO1aBaTelIo.

6. COopky ®  pa30OpKy  DJISKTPHUECCKHX  CXEM,  IOJKIIOUYCHHE
JOTIOTHUTENBHBIX ~ MPUOOPOB, HMX YACTUYHOE OTKIIOUECHHWE WU  3aMEHY
MIPOU3BOANTH TOJIBKO MPH BKIOYCHHOM HCTOYHUKE MTUTAHUS.

Pe3ynpTaThl M3MepeHMid  3anMchbiBalOTCS B Tabnmiy. [lomydeHHble
AKCTIIEPUMEHTAIbHBIC JaHHBIE U PE3YJbTaThl IPEABAPUTEILHOIO pacyeTa HCKOMOM
(GU3NMYEeCKOW BEITWYMHBI TPEABSBISIOTCS TPEMOAABATEI0, KOTOPBIA HAlOT UM
OIICHKY.

B ciydae xoporiieit orieHkr paboTa CYUTAETCS BHITIOJHEHHOM.

[Tocne BbIMONHEHUST PaOOTHI CTYACHT COCTaBIs€T OTYET M CHIAeT €ro
MPETO/IaBATEIIO B ICHD BBHIMOTHEHUS PA0OTHI UITH HE TIO3KE CICTYIOIIETO 3aHITHS.
OTder n0IDKEH cofepkaTh OOpaOOTKYy pe3yjbTaTOB SKCHEPUMEHTa, BKIIOYAs
pacueT norpemHocTell n3Mepenuii. OKOHYaTEIbHBIN pe3yJIbTaT MPEICTABISIETCS B
BU/IC 3aMMCH U3MEPSIEMOM BEJIMUMHEI C €€ a0COIIOTHOM MOTPEITHOCTBIO.

B HekoTophix paboTax pe3yabTaThl U3MEPEHUN JTOKHBI OBITh IPEICTABIICHBI
B BHJIC TPa(PUKOB.

2. Vkazanus no ogopmnenuro 3aoau gpusuieckozo npakmukyma.

[IpaBmwibHO oOdopmiIeHHAsT J1abopaTOopHasl 3ajadya — HOTO OTYET, KOTOPBIN
JOJKEH COCTOSATh U3 TPEX YaCTEeu.
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llepsas uacmob OTYETA TOJKHA COIEPKATH:

1. TlomHoe Ha3BaHUWE 3a7a4d MPAKTHUKYMa U €€ HOMED.

2. llens paboTHLI.

3. TlpunajiexHOCTH AJis BBIIOIHEHUS paOOTHI.

4. TeopeTtnueckas 4acTb, BHIIOTHSAEMOUN pabOThI, C OCHOBHBIMH PaCUe€THBIMU

dbopmynamu.

5. PucyHok cxemsl, uepTeka. Ha uepTexe HyKHO MpUBECTH 00O3HAUCHUS U

HA3BaHUA BEITUYMH, BCTPEUAIOIINXCS B 3aa4e.

Bo emopou uacmu otdera cojep:Karcs pe3ynbTarhl udmepenuit. [Ipu stom
PEKOMEHTyeM:

a) pe3yJIbTaThl SKCIIEPUMEHTA 3aHECTU B TAOJIHILY;

0) Kaxaelii crToyiber (WU CTPOKa) TaOMMIIBI JODKHBI BKIIOUATh Kak
Ha3BaHUE, TaK U 0003HAUEHHE U3MEPSEMON BEJIMYMHBI, C YKa3aHUEM EIUHMI] €€
U3MEpEHMUS;

B) TAOJINII CIIEAYET YEPTUTh AKKYPATHO U O JINHEHUKE;

T') ITOCJIe OKOHYaHUS H3MEPEHUN TIPOBOASTCS PACUECTHI.

B mpemveii uacmu oTdeTra coaepxkKarcs BCE HTOTOBBIE pPe3yJIbTaThl
IKCIIEPUMEHTAa U HEOOXOIUMBIC pAcUeThl, aHATU3 PE3yIbTATOB DKCIEPUMEHTa U
COOTBETCTBYIOIINE BHIBOIBI.

Ecnmu pesynpTaThl KakuX—IuOO MPSMBIX HIM KOCBEHHBIX JKCIIEPUMEHTOB
MOKHO TIOMYYUTh M3 JPYTUX OIBITOB, TO PEKOMEHAYETCS MPOBECTU
COIOCTABJICHUE HWTOTOBBIX JAHHBIX BCEX BBIMOJHEHHBIX HKCIEPUMEHTAIbHBIX
pe3ynbTaToB. PekoMeHayeTcsi MpoaHamu3upoBaTh JOCTOMHCTBA M HEJOCTAaTKU
IPUMEHEHHOTO METO/a U3MEPEHUH.

B 3akitoueHue B BBIBOJIAX MOYKHO OTMETUTbh OTHOCHUTEIBHYIO MOTPEIIHOCTb
PE3yIbTaTOB U3MEPECHUN.

B ycioBusix cTyJeHUE€CKOro MpakTUKyMa Ha HauajabHOM 3Tare o0yuyeHus, Kak
MIPaBUIIO, HE HYXHO BBIYUCIATH OIEHKU MapaMeTPOB 3aBHCHUMOCTH KaKHMH-JIHOO
CIIO)KHBIMU MeToJlaMu. B 3TOM ciyyae sKCIepHUMEHTaIbHbIC PE3yNbTaThl yI00HO
NPECTaBUTh B BUIE TPa(UKOB:

1. I'paduku BBINONHSIOTCA HAa MWUIMMETPOBOM OyMare ¢ IOMOILBIO
KapaHjaima.

2. B kadectBe oceil KOOpAMHAT yAOOHO HCHOJB30BATH MNPSIMOYTOJIBHYIO
CUCTEMY KOOpAMHAT.

3. B Hauane Hy»HO BeIOpaTh MacmTab 1mo ocsiM KOOpANHAT.

4. Ha ocsix KOOpIMHAT HAHOCAT METKU U OKOJIO OCEH KOOPAMHAT HEOOXO0IMMO
HamycaTh Ha3BaHUS BEJIMYMH, KOTOPHIE OTJIOKEHBI MO HHUM, MX OOO3HAaYeHHE U
€IMHHULIbI U3MEPEHUSI.

5. KpuBblie Ha rpaduke HOHKHBI 3aHUMATh BCE TIOJIC YePTEexka.

6. He cnenyeT coeAuHsTh cOCeHUE PKCIEPUMEHTAIbHbIE TOUKH Ha Tpaduke
OTpe3KaMH TPSMOM M TONY4YHTh, TaKUM O0pa3oM, JOMaHyr JHUHUI. JIuHUH
HEOOXOJMMO TIPOBOJIUTH TJaJKhe, 0€3 pEe3KHX H3JIOMOB WM YyCpPEIHEHHBIE
KpUBBIE.
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7. TotoBble TpaduKK MOAKIECUBAIOTCS B KypHAJl WJIU TETPallb, U JIETACTCS
MOJIUCH N0 TpadUKOM, pa3bsACHSA N300paKeHHBIN TpaduK.

Urax, evinonnarowuil 3anavdy Gu3nuecKoro NpakTUKyMa nomMHu!

— He 3Haems Teopun — He NPUCTYIIAM K BBIITOJIHEHUIO 33/1a4U.

— Yerko mnpenacraBb cebe 1meab pabOThl — OHA YacTO COBMANAET C €€
Ha3BaHUEM.

— Crutanupyi xoJ 1€UCTBUS.

— TraTeabHO 03HAKOMBCS € JIEKTPOU3ZMEPUTEIBLHBIMU TPUOOpAMHU.

— beperu npuOopkI ¥ MPUHAICKHOCTH.

— Cneau, yToObI HA pabodyeM MecTe Bcerja ObLI MOPSIOK.

— Cobmrogaii  TexHMKy 0€30MacHOCTH — coOpaB yCTaHOBKY WM
AIIEKTPUYECKYIO 1N, HE BKIOYail ee 0e3 TMpoBEpKU U pa3pelieHus
MpenoaaBaTels.

— [MoaroToBs TAOIUILY JIJIS 3aMUCH PE3YIIHTATOB U3MEPEHUM.

— Hcxoas W3 peanbHBIX YCIOBUHI BBINOJHEHHS 33Jaud  (PU3HUECKOTO

MPaKTUKYMa, OLIEHU OKUJAEMBbIE PE3YIbTaThlI.

— BBIKIIIOYM yCTaHOBKY.

— IIpuBeau B nopsok paboyee MecTo.

— Ha ocHoBe paHHBIX HAOMIOJCHUM, MU3MEPEHHN W BBIYUCICHUN Clelai

BBIBOJI.

— CocTaBb OTYET O BBINOJHEHHOM padoTe.

beperu sneKkTpuuecKyro S3HEPruto!

2.3. dnekmpousmepumenvHovle npuoOOpvl

HaubGonee bacTto HUCMONB3yEeMBIMH JJIEKTPOU3MEPUTEIBLHBIMU TMPUOOpaMuU
ABJISIIOTCSL  AMIIEPMETPBI, BOJBTMETPHI, TallbBAHOMETPbl U peocTtaThl. llo
0o0O3HauEHUsIM Ha IIKajge Npudopa MOXKHO OMPENENTUTh PSAJ WX BaKHEUIIUX
XapaKTepUCTHK:

®  YyBCTBUTEJIBHOCTb U LIEHY JI€TICHUS;

®  [OrPEHIHOCTh MpHUOOpa;

®  KJIacC TOYHOCTH;

®  BEPXHHUM IPEIET U3MEPSIEMON BEIIMYUHBI,

BO3MOKHOCTh pa0OThl Ha TOCTOSIHHOM WJIM IIEPEMEHHOM TOKE;

®  [PUHIMI ACHCTBUS IpUOOpa U T. 1.

a) IlpuHUMNbI M3MePEHUs YJIeKTPUYECKUX BeJINYNH

DNEKTPUYECKUE BEIIMYMHBI U3MEPSIOTCS MO0 PA3TUYHBIM MX MPOSIBICHUSM U
BO3/ICUCTBUSAM:

MEXAaHUYECKMMH — HAa pPaMKy C TOKOM B MArHUTHOM TIOJIE JEHUCTBYET
BpalaroIIuii MOMEHT;
XUMHUYECKUMH — KOJIMYECTBO TMPOTEKIIEro JJICKTPUYECTBA MOXKET OBbITh

HN3MCPCHO 110 MACCC BLIACIIMBIICTOCA Ha 3JICKTPOJaxX BCIICCTBA,
TCINIOBBIMU — [OJIMHA IIPOBOJAHHKA, IIO KOTOPOMY TCYCT TOK, H3MCHACTCA
BCJICACTBHUEC €TI0 HArp€BaHusi U T. I.
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0) UyBCTBUTEILHOCTD M LICHA /ICJICHUS] MI3MEPUTEIbHBIX IPUOOPOB

OCHOBHBIMHM XapaKTEPUCTUKAMU JIOOOTO 3JIEKTPOU3ZMEPUTEILHOTO Mpudopa
SBIISIIOTCA Uy8cmeumenvHocms S, yena oenenus C u knacc mounocmu.

YyecmeumenvbHocmbl0 S DICKTPOUIMEPHUTEIILHOTO TMPUOOpa HA3BIBACTCS
OTHOIIICHUE JUHCHHOTO M YIJIOBOTO TEpeMelIeHUs ykasareias 04 K M3MeHEHUIO
BenunMHbl  Ox  BBI3BaBImIeMYy 3TO0 mepemenienune: S=dA/dx. PasmepHocTh
YYBCTBUTEIHHOCTH 3aBUCUT OT HAUMEHOBAHHS U3MEPSIEMON BETUIMHBI, HATIPUMEDP
S= nen/A, nen/Owm, nen/Ki, nen/B u T. 1.

UyBCTBUTENBHOCTh U3MEPUTEIIBHOIO MPUOOpa TMOKA3bIBAET, CKOJBKUM
JEJCHUSIM IKaJIbl TPUOOpa COOTBETCTBYET OJIHA €IMHUIIA U3MEPSIEMON BETUUNHBI.

Benuuuna, oOpaTHasi YyBCTBUTEIBHOCTH, HAa3bIBAIOT UEHOU OeleHus
npuobopa C=1/S. lleHa neneHus: onpenesnseT 3HaYCHUE AIEKTPUUECKON BEIUUYHHBI,
BBI3BIBAIOIIEH OTKJIOHEHUWE Ha OJHO JEJIEHHE, €€ pa3MEpPHOCTb 3aBUCUT OT
HAaMMEHOBaHUS U3MEPSIEMON BeIMUMHBI, Hanipumep, [C] = A/nen, Om/nen, u T.1.

B o6miem ciyyae 1ieHa JAeNCHUS] MPEACTaBiIsieT coOOM pa3HOCTh 3HAYCHUI
U3MEPSIeMOM BEJUYUHBI JUIsl JIBYX COCEIHMX METOK. lleHa aeyieHus 3aBUCUT OT
BEPXHETO M HIDIKHETO TMPEICIOB HU3MEpPEHUs MpUOOpPOB W OT 4YHUCIA JIEJICHUM
mkanel. Hanpumep, ecnm mkama mnpubopa, pacCUUTAHHOTO Ha U3MEPEHUs
noctosiHHoro Toka B mpeaenax 0 — 300 A, umeer 60 nenenuii atoro npudopa, To
C= 300 mA A oen

M 512 a 9yBCTBUTEIHHOCTH S= 0,2 — ).
600exn oen MA

B) Ilorpemnocru. Kij1acc TO4UHOCTH

Bakneiiielt XxapakTepUCTUKON Ka)JI0T0 U3MEPUTEIHLHOTO MPUOOopa SIBISIETCS
€ro IOrpelmHOCTb. B KadecTBe JEUCTBUTENBHOIO 3HAYEHUS HU3MEPSIEMOU
BEIIMYMHBI TMPUHUMAETCS BEJIMYMHA, W3MEpPEHHas OOpa3IOBbIM MPUOOPOM.
PasHocTh Mexnmy mokazaTensMu Tpubopa A U JEHCTBUTENBHBIM 3HAYECHUEM
U3MEpPSIEMON BEJIMUMHBI Ag Ha3bIBAETCS a0COIIOTHON MOTPEIIHOCTRIO: AA= A- g .

TouHoCcTh  W3MepeHUsT npubopa, Kak MPaBWIO, XapaKTEPU3YeTCs
OTHOCHTENFHOW TMOTPENIHOCTRI0 & , KOTOpas MpeAcCTaBisieT co00il OTHOIIEHHE
aOCOJIIOTHOM TMOTPEIIHOCTH K JEHCTBUTEILHOMY 3HAYECHUIO H3MEpSAEMON
BEJINYMHBI, BEIPAKEHHOHN B MPOIEHTAX:

E= J_rA—/110O% _
0

ToyHOCTH 3NEKTPOU3MEPUTENBHBIX MPUOOPOB HE MOXKET ObITh OJHO3HAYHO
XapaKkTepu30BaHa aOCONIOTHONW MM OTHOCUTEIBHOM MOrPEIHOCThIO U3MEPEHHUS.
Onna abcomroTHasi MOTPEIIHOCTh HUYEro HE TOBOPUT O €ro TOYHOCTH, a
OTHOCUTEJIbHAS! IOTPEIIHOCTh 3aBUCUT OT 3HAYEHUS U3MEPSIEMON BEJIIMYUHBI, T.€.
u3MepseMas BeIMYMHA pa3jM4yHa s pa3HbIX Y4YacTKOB IIKajdbl Mpudopa.
[ToaTOMy 17151 XapakTEPUCTUKU DJIEKTPOU3MEPUTEIBHBIX MPUOOPOB MCHOIB3YETCS
npuUBEAEHHAs! MOrpemHOCTh. OHAa paBHA OTHOILIECHUIO a0COJIOTHOW MOrPEIIHOCTH
npudopa K MakCMMaJbHOMY 3HAQYEHHMIO U3MEPSAEMON (DU3NYECKOW BEIUYUHBI A,
KOTOPOE€ MOYKHO HM3MEPHUTh JAHHBIM IPUOOPOM IpHU OTKIOHEHUM €ro Ha BCHO
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AL

mxany: € 27 [IpuBeaeHHass MOTPEMIHOCTh €CTh BEJIIMYMHA MOCTOSHHAS IS
np

JAHHOTO Mpuoopa.

Jlst Toro 94ToOBI OTHOCHTEIBHAS TOTPEITHOCTh M3MEPEHHs Obljla HE OYEHBb
00MbIION, 1000  AIIEKTPOU3IMEPUTEIbHBI MPUOOP C HEMOCPEICTBEHHBIM
OTCYETOM HEOOXOJIUMO HCIOJIb30BaTh TakK, 4YTOObI B IIpollecce H3MEpEeHU
OTKJIOHEHHUE yKa3aTelisd OblIO B IIpeieiaX MOoCaeAHEeN TPEeTH IIKab.

TOYHOCTH DJEKTPOU3IMEPUTENBHBIX MPUOOPOB SBISETCS TJABHEHIEH HX
XapaKTEPUCTUKON U JISKUT B OCHOBE JeJIeHHs MpUOOopoB Ha kiaccel. [lo ctenenu
TOYHOCTHU 3JIEKTPOU3MEPUTENIbHBIE MPUOOPHI IeNsATCS Ha BoceMb kiaccoB: 0.05;
0.1; 0.5; 1.0; 1.5; 2.0; 2.5; 4.0. Iloka3zaTenp Kjacca YyKa3bIBa€T BEIUYHHY
MPUBEJACHHOM MOrpemHocTH npubopa B mporeHTax. Kiacc mpubopa 0OBIUHO
YKa3bIBA€TCs Ha €ro MIKaJIe.

2.4. lIpunyun oeiicmeus I1eKmpousmepumeibHbvlx npuodopos

B 3aBuCUMOCTH OT MpUHIMNA ACHCTBUS U3MEPUTEIIbHBIC MPUOOPHI ACIATCS
Ha CHCTEMbBI: MAaTrHUTOXJIEKTPUUECKYIO, AJICKTPOAMHAMUYECKYIO, TEIUIOBYIO,
TEPMOAJIEKTPUUYECKYI0, HHIYKIMOHHYIO, DJJICKTPOCTaTHYECKyr0 u japyrue. Ha
MpPaKTUKE HaAuOOJIbIlIEe PACIPOCTPAHCHUE TMOIYUYUIIM NPUOOPHl MEPBBIX TPeEX
cucteM. OctaHoBuUMCs O6oJiee o IPpoOHO Ha MPUHIIUIIAX UX JIEHCTBHUSI.

a) IIpudopbl MATHUTOJIEKTPHYECKOM CHCTEMBI

B mpubopax 3Tol cHCTeMBbl MepeMelleHrne MOJBUKHON YacTH BBI3BIBACTCS
CUJIaMH B3aMMOJICMCTBUSL IIOCTOSIHHOI'O MAarHura C KAaTyLWIKOM, II0 KOTOpPOH
mpoxoauT TOK. JlocTonHCcTBa MPUOOPOB MAarHUTORIIEKTPUUECKOW CHUCTEMBI 3TO MX
BBICOKAsE YYBCTBUTEJIBHOCTh, OOJBINAs TOYHOCTh U PABHOMEPHOCTH IIIKAJIbI.
Buemnue nosig cnabo BIMSIOT Ha MOKa3aHUs NpUOOPOB ATOW CUCTEMBI, TaK KaK
paMKa HaxXxOJUTCS B TMOYTH 3aMKHYTOM TMPOCTPAHCTBE U B CHJIBHOM TIOJIE
cobctBeHHOro MmarHuta. K HemocTaTkam Takux NPUOOPOB CIEIYyET OTHECTH
HEJIOCTATOYHYI) YCTOMYMBOCTh K TMEperpy3kaM W HEBO3MOXXHOCTh H3MEPEHUS
MepeMeHHBIX TOKOB. llocieaHuil HEAOCTATOK YCTpPAHSIETCS BBEJACHUEM B CXEMY
npudopa BHIMPSIMHUTEILHOTO YCTPONCTBA.

[TpuGopbl MarHUTOIIEKTPUUECKON CHUCTEMBI, MTO3BOJISIONINE U3MEPATH CUITY
Toka mopsiaka 10° — 107 A, MOJYYWJIM HA3BaHUE 2alb8aHomempos. Paznuyaror
CTPEJIOYHbIE TaJbBAaHOMETPHI, YCTPOWCTBO KOTOPHIX AHAIOTHYHO JIFOOOMY
aMIIEpMETPY MAarHUTOAIEKTPUUECKON CUCTEMBI (IIeHa JIETICHUs TOPSIKa 10° A/nen
U HIDKE), U 00Jiee UyBCTBUTEIIbHBIC TAIbBAHOMETPHI CO CBETOBBIM WJIM TEHEBBHIM
yKazaTeneM (3epKajbHbIE TAIbBAHOMETPHI).

3epKajbHbIE TaIbBAHOMETPHI MPU JIEKTPUUECKUX U3MEPEHUSIX HCIIOIb3YETCs
qarie BCEro Kak «HyJb - HHAUKATOPKI», T.€. MPUOOPHI, TO3BOJISIOIINE YCTAHOBUTH
OTCYTCTBHUE TOKa B IICTH.

0) IlpubopbI 2JIEKTPOMATHUTHOM CHUCTEMBbI

B npubopax 3Toil cucTeMbl MOBOPOT MOABUKHOM YAaCTU C YyKa3aTeJIbHOU

CTPEJIKOM BBI3BIBAECTCA B3aUMOJCHCTBUEM MAarHUTHOTO TIOJs HEMOJABUKHOMN
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KaTyIIKH, TI0 KOTOPOW MPOXOJIUT U3MEPAEMBIN TOK, C JKEJIE3HBIM CEPJICUYHUKOM K
KOTOPOMY >KE€CTKO Ha 3TOM OCH YKPEILICHA CTPEJIKa.

JlocTonHCTBaMU MPUOOPOB JIEKTPOMATHUTHOU CUCTEMBI SIBJIIFOTCS IPOCTOTA
UX KOHCTPYKIIMH, MEXaHUYECKAsI IPOYHOCTh, CTOMKOCTh K MIEPErPy3KaM.

HenocraTtku nmpuOOpoB 3JIEKTPOMArHUTHOM CUCTEMBI — 3TO HEPABHOMEPHOCTh
IIKAJIbl, HEBBICOKAs TOYHOCTH (BCIEICTBHE SBJICHUS THCTEPE3UCA B KEIE3HOM
CEP/ICUHUKE) U YYBCTBUTEIHHOCTh BHEIIIHUM MAarHUTHBIM TOJISIM.

B) Ilpu0opbI JIEKTPOIMHAMMYECKO CUCTEMBbI

[TpuGopsl ATOM CUCTEMBI CIYXKAT JIJIsi U3MEPEHHUS CHJIBI TOKA, HANPSOKCHUS U
MOIIHOCTH B IIEMSIX TOCTOSIHHOTO W IEPEMEHHOT0 TOKOB. [IpUHIUIT 1€MCTBUS STUX
MpUOOPOB OCHOBAaH Ha B3aWMOJICHCTBUM MAarHUTHBIX TIOJIEH TOCTOSSHHOTO U
MIEPEMEHHOTO TOKOB.

K nemoctaTtkam mpuOOpPOB AICKTPOAMHAMUYECKON CHUCTEMBbI HY)KHO OTHECTH
OOJIBIIIYIO YYBCTBUTEIBLHOCTD K MIEperpy3kaM, OOJIbIIIOEe COOCTBEHHOE IMOTPEOICHUE
SHEPI'UM, BIUSHUE YHEPTUM, BIUSHUE BHEIIHMX MArHUTHBIX MOJIEH HA MOKa3aHUs
npuodopa.

r) LIyHTBI, 100aBOYHbIE CONPOTUBJIEHHUS U MX PUMEHEHUS

[IlynToM Ha3bIBae€TCSI CONPOTUBICHHUE, MOJKIIOYAEMOE MapaJlieIbHO
amnepmeTpy (puc. la), BcieacTBue 4Yero 4vepe3 aMIEpMETP MHPOXOIUT TOJIBKO
4acTh U3MEPSEMOro TOKa.

L1 T | p
U Y I Uy ¥
= Yoo Co 1 r}
o —o T
— k2 v
Y °
a) 6) 6
Puc.1. Prc.2

Hampumep, ecnu HeoOX0AMMO aMmepMETpOM H3MEPUTh TOK B N — pa3s
OOJBIIMIT MaKCUMaJIbHO BO3MOKHOTO JUIsl 3TOro mpubopa, TO HAAO BKIHOYUTH

LIYHT CONMPOTHBIEHUS R,, yIoBIeTBopstommM paseHctsy: R, =R, /(N—1), rne

n= T | - cuna Toka B 1enw, (l 4- cuila TOka MPOXOAUIETro yepe3 ammnepmetp); R,

a
— CONPOTUBIICHUE aMIIEpMETpa.

IyHTBI  UCHONB3YIOTCA  JUIsl  PACIIUPEHUs  TMPEACTIOB  WU3MEpEHHUs
amriepMeTpoB. [IpM H3TOTOBIEHHUH aMIEPMETPOB MIYHT YacTO MOHTHPYETCS
BHYTpH puodopa.

J1060aBOYHBIM COTPOTHUBICHUEM HA3BIBAETCS YCTPOWMCTBA, MPUMEHSIEMbBIC IS
pacmpeHusl TMpeaeioB W3MEpPeHHs BOIBTMETPOB. OHHU MPEACTaBISIOT COOOMU
CTPOrO OIPEJEICHHbIE CONPOTHBIEHHUA Ry, BKIIOYaeMble MOCIENOBATEIbHO C
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BOJbTMETpOM (cM. puc. 10). Ecnm, Hampumep, BOJBTMETPOM HAAO H3MEPHUTH
HanpspKeHue B N- pa3 Oosiee yeM JOMMycKaeTcsi MpUOOpoM, TO K HEMY HEOOXO0IUMO

MOKJIFOYHTH MOCIIEA0BATENBHO 100aBOUHOE conpoTusieHne R, =R, (n —1),

U R
rae R, — comporuBieHne BOJBTMETPA; n=U—=R—, 3necb U - moJgHOE

Vv Vv

MOABOAMMOC HampsuKeHne; U, - IajieHre HapshKeHHsT Ha BOIBTMETpe; R — obmiee
comporuBienne, R=R, +R,.

Kak u myHT ammepmerpa, 700aBOUYHOE COMPOTUBICHUE YACTO MOHTHPYETCS
BHYTpU NMPUOOpPa U MOXKET ObITh MHOTOCEKIIMOHHBIM, YTO IMO3BOJIIET H3MEHSThH
Ipeesibl U3MEPEHUS BOJIBTMETPA.

Kaxaplii MCTOYHMK TOKa CO3Ja€T Ha MpuOoOpe, MPUCOEAMHEHHOM K €ro
MOJIFOCaM, OIpPEACNIEHHOE HANpsKEHWE. OJTO HANPSHKEHUE MOXKET O0Kas3aThCs
00JBIIE TOTO, KOTOPOE HEOOXOAUMO AJII HOPMaIbHOW paboThl. B Takux ciydasx
BO3HUKAET HEOOXOAMMOCTh YMEHBUIUTHh HANpPsDKEHUE, MOABOJMMOE K INPUOOPY.
DTO MOXKHO cienaTh P MOMOIIM PEOCTaTa, UCIOJIB3YEMOIO B KAUECTBE JIEIUTEIS
HarpspkeHus. g 3TOro peocrar BKIIOYAKOT B IIENb II0 CXEME, NOKAa3aHHOW Ha
puC.2, Te HWKHHUE KOHIBI peocTaTa MPUCOSAUHSIIOT K MOJII0CaM UCTOYHUKA TOKa,
a mpuOoOp — K OAHOMY U3 KOHIIOB PEOCTaTa U K MOJ3YHKY. Peoctar, BKIIOUEHHBIHI
II0 TAKOW CXEMe€, Ha3bIBACTCS HOMEHUUOMEMPOM.

[ToTeHIIMOMETP TPHUMEHSETCS, HANPUMEpP, Il PEryJIUPOBKH TI'POMKOCTH
3BYYaHHUS 3ByKOBOCIPOU3BOJAIINX YCTPOMCTBAX.

0) Ycnognovie 0003nauenus Ha WKOIAX IEKMPOUIMEPUMEIbHLIX NPUOOPOS

Kaxxaplil 371eKTpOU3MEpUTEIbHBIM MPUOOp pacCUUTaH Ha OIpPEACIICHHbIE
YCIJIOBHUSI, B COOTBETCTBUH C KOTOPHIM UM MOKHO IMOJIb30BaThCS: HA ONPEACICHHBIN
TOK (TMIEPEMEHHBI WM TOCTOSIHHBIN); UMEET OMNPEIEICHHBIM KIacC TOYHOCTH,
NPUHIUN ACHCTBUSA, Ha3HAYEHHUE U T.1. DTH XAPAKTEPUCTUKH COCTABIISIET OCHOBY
MACMOPTHBIX JAHHBIX TPHOOpa M JOJKHBI YKA3bIBAThCA HA IIKATaX WX MaHEISX
pruOOpoB.

HaubGonee ynorpeOutenbHble 0003HAUYCHUS, PUBOJUMBIC HIDKE, HAHOCSATCS
Ha 3JIEKTPOU3MEPUTENIbHbBIE TPUOOPHIL:

2.5. Memooonozus oopadbomku pe3yibmamoes uzmepeHuil
a) Buowvl u memoowl uzmepenuii

CorylacHO OMNpENEeNeHNI0 HU3MEPEHUEM SIBIIIETCS HAXOXKJICHHE 3HAYCHUS
(bu3MYeCcKOil BETUYUHBI OMBITHBIM MTyTEM C MOMOUIBIO CHEIUATbHBIX TEXHUYECKHX
CPEACTB.

[To cnocoOy HaxO0XIEHUS YHCICHHOTO 3HAYeHUST HUCKOMOW  (usnueckoit
BEJIMYMHBI PA3IMYalOT M3MEPEHUs YEThIpeX BHUJOB: TpsIMble, KOCBEHHBIE,
COBOKYITHbIE U COBMECTHBIE.

[Ipsimble u3Mepenus. I[lpu nOpsAMbIX U3MEPEHUAX HUCKOMOE 3HAaYEHUE
BEJIMUYMHBl A HaxoAST HEMOCPEJCTBEHHO W3 ONBITHBIX JTAHHBIX—TIPSIMbBIM
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CPaBHEHHEM U3MEPSIEMOIN BEIMYUHBI C MEPAMHU WJIM C MIOMOILIBIO H3MEPUTEIIBHOTO
npudopa, NPorpayupoBaHHOIO B €AMHUIIAX U3MEPECHUSI.

Kocgsennble u3mepenusd. [Ipr KOCBEHHBIX HM3MEPEHUSIX HCKOMOE 3HAYCHUE
BEJIMYMHBI A HaxXOASIT C MOMOIIBIO BBIYMCICHUM HA OCHOBAaHWHU W3BECTHOU
(GYHKIIMOHATBHOW 3aBUCMMOCTH MEXIy OTOW BEIWMYMHOW U BEIHMYMHAMH,
TI0JIBEPTaeMbIMH MPSAMBIM H3MepeHusM napamerpa x; A=f (x;).

dynknuoHanbHas  3aBucuMocTh  f(X)  HaspBaercs  dopmynod  (wim
YpaBHEHHUEM) CBSI3U, & BEJIMUMHBI Xj — U3MEPSEMbIMU apTyMEHTaMH, HalIpuMep,
R=".

I

COBOKYIIHBIE ¥ COBMECTHBIE M3MepeHHus. Takue HU3MEpPEHUsl MO3BOJSIOT
ONPEAECIUTh HCKOMBIC 3HAYEHUs Xj, HE IMOJAIOIIMECS HEMOCPEICTBEHHOMY
HaOJIIOJICHUIO TIO pe3yJibTaTaM U3MEPEHUSI 3HAUCHUHN JAPYTUX BEJIUYMH ) KOTOPbHIC
SBJIIOTCS UX (PYHKIUSMU:

Yi=o(xi ). (1)

Ilocne npoBeneHus NPsMBbIX U3MEPEHUN 3HAYECHUM BEIIMYMHBI ); PE3YyJIbTATHI
3TUX U3MEPEHUN NPEACTaBIAIOTCA B cucTeMy ypaBHeHU# (1), pemienue KoTopoi
IIO3BOJISIET HAWNTH MCKOMBIE 3HAYEHUS OJHOMMEHHBIX (IPU COBOKYIHBIX) WJIM HE
OJTHOMMEHHBIX (TP COBMECTHBIX) BEIMYUH X;.

[Ipr COBOKYIIHBIX WM3MEPEHHSIX HEMOCPEACTBEHHO W3MEPSAIOT 3HAYCHMS
Pa3JIMYHBIX COYETAHUM OJHOMMEHHBIX BEIWYMH, KAXKIOE€ U3 KOTOPBIX B
OTZEJIBHOCTH U3MEPUTHh HEBO3MOKHO.

[orpemHoctn u3mepeHuul. [lorpemHoOCT WM3MEpeHHss — 3TO OTKIOHEHHE
pe3yapTaTa U3MEPEHUs OT UCTUHHOTO 3HAYEHUS U3MEPSIEMON BEJIMYHHBI.

[To cnocoOy BbIpakeHMsI MOTPEIIHOCTH U3MEPEHUN AENAT Ha a0COJIOTHBIE U
OTHOCHUTEJIbHBIE.

AOCONIOTHAs TOTPEHIHOCTh U3MepeHusi A, BbIpaKaeTcss B EAMHMIAX
u3MepseMoil BenuuuHbl X U omnpenensiercs (HopMysoN «U3MEPEHHOE MHHYC
VUCTUHHOE»:

A=x-X, (2),
IJ€ X — 3HAYEHUE, MOJYUYCHHOE TIpU HU3MEPEHHHU; X — UCTUHHOE 3HA4YCHUE
M3MEPSEMON BEJINYHHBI.

OTtHocuTenbHAS IMOTPCIIHOCTD HU3MCPCHUA o X paBHa OTHOLICHUHIO

aOCOJIFOTHOM MOTPEITHOCTH A, K UCTUHHOMY 3HAUEHUIO U3MEPSIEMOM BETMUUHBI X
Y BBIPAXAETCA B NOJIAX €AUHULIBI

Oy =— (3)
NJIN B HpOHeHTaX

5,% = ?100% . 4)
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AOcoyIoTHasT TOTPEIIHOCTh yAOOHA IS  XapakTEePUCTHKU pe3yJibTara
U3MEpPEHHs, TaK KaK J1aeT BO3MOXKHOCTb Cpa3y OMNPEICIUTh B €ro UYHCIOBOM
3HaYEHHUH JIOCTOBEPHBIE U HEIOCTOBEPHBIC PA3PSIBI.

Hanpumep, eciii npu u3MepeHUH 3JIEKTPUUIECKOTO TOKA MOTY4YEeH pe3yibTar
5,243 A ¢ ab6comotHor morpemHocThio 0,01 A, To mudpa 3 B pesynbTaTe
U3MEPEHUS ABISAETCA HETOCTOBEPHOM.

Jlyis cpaBHEHUSI METPOJIOTHUECKUX XapAaKTEPUCTUK HECKOJIBKUX 3HAYUTEIHHO
OTJMYAIOIINXCS PE3yJIbTAaTOB aOCONIOTHAS MOTPEIIHOCTh HeyAaoOHa. B stom
cllydae BBIYMCIIEHHE OTHOCHUTENIbHBIX TMOTPEIIHOCTEH JaeT BO3MOXHOCTH JIeTYe
COMOCTAaBUTh JOCTOBEPHOCTH ATHUX JABYX PE3YJIbTATOB.

BenuunHa duciaeHHO paBHas OOpaTHOMY  MOJIYJIIO  OTHOCUTENIBHOM

norpemHocTH 1/ 0, — Ha3BIBACTCSA MOYHOCMbIO U3MepeHus N TPEACTaBIAeT codoil

KaueCTBO HW3MEpPEHUs], OTpakaroliee OIU30CTh MOJYYEHHOTO HW3MEPEHHOTO
3HAYEHUSI K HCTUHHOMY 3HAYEHHIO U3MEPSEMON BEIIMYHHBI.
0) OQopadomka pe3yibmamos umepeHuil

[Ipexne Bcero, U3 COBOKYNHOCTH JIaHHBIX M3MEPEHUN CIIEIYET UCKIIOYUTH
pe3ynbTaThl HAOJIOICHU, COJIEPKAIIIME SIBHO BBIPAXKEHHBIC TPYObIE MOTPEITHOCTH
Y TIO3TOMY 3aMETHO OTJIMYAIOUIUECSA OT OCTAJIbHBIX. ECIIM MOJTHON YBEPEHHOCTH B
HaJW4Yuu TpyOOH TMOTPEIIHOCTU HET, TaKOM pe3yJbTaT CIleIyeT OCTaBUTh B
BBIOOpKE, a 3aT€M IPOBEPUTH MPABOMEPHOCTh €r0 OTHECEHHUS K HeH (C MOMOIIbIO
COOTBETCTBYIOIINX CTATUCTUYECKUX KPUTEPUEB).

Cratuctuyeckass 00pabOTKa BBIOOPOK  BBIMOJHSIETCS B CIEIYIOIICH
MOCJIEIOBATEIbHOCTH:

1. HckmouuTh (MM YMEHBIIWTH) COCTABJSIOIME MOTPEIIHOCTH U3
pe3yJabTaTOB HAOIIOACHUMH.

2. IIpoBepuTh COOTBETCTBHE IKCIEPUMEHTAIBHOTO 3aKOHA paclpeeIeHus
TEOPETUUECKOMY PACTIPEICICHUIO, AHAIUTUYECKUM WKW TpadoaHaTUTHIECKUM
CIIOCOOAMH.

3. Bbuucouth Hanboyiee BEpOSTHOE 3HAYEHHE X HCKOMOW BEIUYMHBEI,
cpenneapuMeTHIecKoe 3HaUeHUEe, KOTOpOe onpeeseTcs o Gpopmyie

4. X=2.x/n. (5)

5. DBbMHCIMTE CpEIHEKBAaAPATUYHOE OTKIOHEHHE Sy  pe3ylbTara

U3MEpPCHHUS.

6. BwruucauTh 10BEpUTEIHHBIC TPAHUIIBI TOTPEITHOCTH U3MEPECHHM.

7. 3anucaTh pe3yJbTaT U3MEPEHHUS.

B) @opMa npeacTaBJeHUs Pe3YJabTATOB M3MEPEeHU

PesynbpTaT n3amepenus 0ObIYHO MpeACTaBIsIeTCS B hopme

X =A=xAA, rne 4 — Haubojiee BEPOATHOE 3HAYCHUE peE3yNbTara
n3Mepenus (A~X); AA - noBepuTelIbHAS I'PaHUIlA MTOTPEITHOCTH U3MEPEHHSI.

B oxoHuarenbHOU 3amucu pe3yibTaTa U3MEPEHHS JOBEPUTEIBHYIO TPAHUILY
AA TIpUHATO BBIpaXxaTh, YUCJIOM C OJHOM 3Havamiedl nupoi (eciu mepnas
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3Hayamas nudpa paBHa 1, To yka3plBalOT U BTOpyro Ludpy). Ilpu BeimonHenun
IPOMEXKYTOUHBIX PacueToB IeJIeco00pa3HO OCTaBISATh B BBIPAKCHHUU €ILE OJHY
3HAYAIyo TUQPYy.

[IpaBuiia OKpYIJICHUS:

1. OtOpacsiBaeMble 3Hauamye HUGPH 3aMEHSAIOTCA HYJISIMH, HO TOJBKO B

nokasarenbHOi (opme (Hampumep, 732~ 7-10%), a mocie 3amsToll MOIHOCTHIO
oropaceiBaiorcs (7.32 =~ 7).

2. Ecnu nepBast u3 0TOpachiBaeMbIX IU(PP MEHBIIE S5, TO OCTaBIsIEMbIe LIU(PPbI
He u3Mensores (2.3 ~2).

3. Ecnu mepBas u3 otOpackiBaeMbIX HU@p Oonbllie 5 wiaum paBHa S5, H
NOCJIEYIONIUE HU(PPBI HE HYJIH, TO MOCIEAHSS HU(Ppa pe3yibTara yBEIMUUBACTCS
Ha enquHuny (4,51 ~ 5).

4. Ecnu niepBast 3 0TOpachIBa€MbIX LIM(Pp paBHA 5 € MOCIEAYIOMKUMH HYIIMU
U TOCJEHSS U3 OCTaBIIIEMbIX U(pp YeTHas, TO OHA ocTaercd 0e3 M3MEHEHUH, a
€CJIM HeYeTHAas, TO yBeIMIMBacTCs Ha equauny (4,5 ~4: 7,5~8).

OxpyriaeHue pe3yinbrara u3MepeHusi A OCHOBBIBAETCS Ha IOPSAKE
IOTPENTHOCTHA AA:

— YUCIIOBOE 3HAYEHUE A JIOHKHO OKAHYMBATHCS IECITUYHBIM 3HAKOM TOTO K€
paspsizia, KOTOpPbIM OKaHYMBaeTcs W 3HadeHue AA (Hampumep, 25,3+0,04 win
32-10°: 2-10%).

Jluneiinas perpeccus (MeTo/1 HAaMMEHbIUX KBajipaToB, MHK)

Ecau nMeeTcsi COBOKYITHOCTh KCIIEPUMEHTAIBHO MOJIYYEHHBIX 3HAUYCHHUM Xj U
Vi IPUYEM U3BECTEH XapakTep GyHKIUOHATHHOU CBSI3U MEXKy BeTHUUHAMHA X U V,
TO 00paboTKa TaKUX pe3yJbTaTOB W3MEPEHUN CBOJIUTCA K BBIUMCICHUIO
napamMeTpoB  (QPyHKIMH, HawiIydmuMm oOpa3oM  oToOpaxaromieil JaHHYIO
HKCIIEPUMEHTAJILHYIO 3aBUCUMOCTh (Takas (YHKIMS Ha3bIBACTCS YpaBHEHUEM
perpeccuu). OTOT MeETOJN yaoOeH g 00pabOTKH  SKCIEPUMEHTAIbHBIX
(yHKUHMOHATIBHBIX 3aBUCUMOCTEN MpHU JIMHEHMHOW cBsi3u Mexay X u V (cm. puc.

3a):

V=aX+s. (6)
y
a)
A
:an'f
Q@
P e
Do
4
’
f R
|l e/a 10 X 0
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Puc. 3.
VYpaBHenue (6) HOCUT HA3BaHUE YPABHEHUE TUHEUHOU pecpecCuul.
B pesynbrare 00pabOTKU Cepuu Map SKCIEPUMEHTAIbHBIX BEJIUYUH Xi U i
BBIUUCIISIOTCS KOO(PPUIIMEHTHI JINHEHHOW PErpeccuu a M 6

=y, —%inZyi)/[fo—(ZXJZ/HJ , (7)
6= y,—ay.x)In (8)

Jlnst ompeneneHusi MOrpelrHOCTel MOKHO BBIYMCIUTL CPEIHEKBAJAPATUUHbBIC
OTKJIOHEHUsI OIICHOK BEJIMYMH 4 U 6, HO JIy4llle PacCYUTHIBATH
CpPEIHEKBAAPATUYHOE OTKJIOHEHHE TOUEK Xj; i OT YPaBHEHUS PErpeccuu — MpsMoin
YV=aX+e6 :

S:\/Z(axi +6-y)° [(n-1)=(@* +1)]. (9)

Jlnst  ompeneneHuss IMIMPUHBI TOJIOCHI, XapaKTEPU3YIOIIEH MOTPEIIHOCTD
JUHEHHOUN perpeccuu mo o0e CTOPOHBI OT mpsiMoi (cM. puc. 96 0)), V = aX +¢

CICAYCT OTIOXKUTDb 3HAYCHUA +3S y(x) s

rae Sy =95 /n. (10)

Jluneiinass perpeccus — TIOYTH YHHUBEpPCAIbHBIM TIpueM 00pabOTKH
DKCIIEPUMEHTAIIBHBIX ~ 3aBUCUMOCTEW. MiumrocTpauuend  TUNWYHBIX — CIIy4acB
NpPUMEHEHUsI JIMHEWHON perpeccud B (DU3WYECKOM MPAKTHUKYME CIIYXKaT TaKue
3aJlayu KakK, HarmpuMep, U3y4eHHe KoJieOaTeIbHBIX MPOIECCOB, MPOBEPKA 3aKOHOB
Oma, sBIIGHHE TEPMORJIGKTPOHHON HMHUCCMU U paboTa  BBIIPSIMUTENIEH
(KOHTaKTHBIX U BaKyyMHBIX), MpOBepKa 3akoHa OMa B AJICKTPUYECKUX IIETSAX U
JpyTHe.

r) 'padmyecknii moaxo/1 K 00pad0TKe M3MepeHHu i

B skcnepumeHTabHON (DU3MKE rpauKaMK MOJB3YIOTCS IJIsl Pa3HbIX LIEJIEH.
Bo-niepBbix, rpaduku cTposT, YTOOBI ONPEACIUTH HEKOTOPHIC BETUYMHBI — OOBIYHO
HaKJIOH WA OTPE30K, OTCEKaeMbli Ha OCH OpJWHAT, MPSMOU, H300pakaroiiei
3aBUCUMOCTh MEXIy JBYMSI TIEPEMEHHBIMH. XOTS B DJJEMEHTApHBIX Kypcax
MPaKTUYECKON (PM3UKH YIOp YacTO JIeJIal0T UMEHHO Ha 3TO, Ha CaMOM Jiejie 37eCh
poib TpaduKka CpaBHUTEIHPHO HEBeNWKa. Beap mnpu MeTojae HAMMEHBITUX
KBaJpaTOB WJIM METOJI€ apHBIX TOUYEK HAKJIOH MPSIMOM OMpENENsitOT, KOHEYHO, HE
no rpadukaM, Kak TaKOBBIM, a MO HCXOJHBIM YHCIOBBIM JIaHHBIM.
HemnocpenctBeHHo ke mo rpaduky OmMpeaenuTh HAKIOH MOXKHO TOJHKO B TOM
cilyyae, €clid IIPOBECTU Yepe3 TOUKHU HA TJ1a3 HAWIYUIIYIO MPSAMYI0. DTO TOBOJBHO
rpyosiii meton. Ero He criemyer cOpachlBaTh CO CUe€Ta, HO OH MPUTOJICH JIUIITh
TOT/Ia, KOTJIa MBI MPOBEPSIEM Pe3yjIbTaT, MOJTYyUYCHHBIM 00Jiee TOYHBIM METOJOM,
WJI KOTIa HAKJIOH HE OYE€Hb CYIIECTBEH JIJI1 OKOHYATEIIbHOTO PE3YJIbTaTa.
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Bo-BTOpBIX, B 3TO, MOXKAITYH, caMOe BaXHOE, TpadUKaMU IMOJIb3YIOTCS ISl
HarJSIHOCTH. [ 71517151 Ha 1iudphl, MPUBEICHHBIC B JTFOOOM TaOIHIIE, TPYIHO CKa3aTh,
/i€ IPOMOPLUMOHAIBHOCTh HAUMHAET HAPYIIAThCA.

Hpyroe pneno, xorma Te€ K€ JdaHHBIC I, mA
NPEICTaBICHbI, rpaduuecKku s

(cMm. puc. 4). B rpaduueckom ciydae

Cpa3y BHJIHA TOUYKa, B KOTOPOH HapyIIaeTcs 200 |-
MIPOTIOPITMOHAIEHOCTb.

['padukn MmMoO3BONSAIOT TaKxke Oosee .
HaTJISTHO MIPOBOIUTH CpaBHEHHE 00 L
HKCIIEPUMEHTAILHBIX JTAHHBIX C

TEOpEeTUUECKOU KpuBou. HaHocs pe3ynprarsl
u3MepeHuil Ha Tpaduk, OYEeHb YyIOOHO
CJIEIUTH 32 TEM, KaK UJIET SKCIIEPUMEHT. P 50 100

Puc.4.

B-TpeTpux, rpagukaMu Mmoiab3yrTCs B SKCHEPUMEHTAIBHOM padoTe, 4TOObI
YCTaHOBUTH AIMIIUPUUYECKOE COOTHOIICHHE MEXAY ABYyMsI BennuynHamu. Hampuwmep,
epadyupys TepMonapy no Kakomy-im0o o0pa3iioBoMy MpuOOpy, Mbl OIMpeesieM
HOMpPaBKy Kak (PyHKIMIO MOKa3aHUN TepMonapsl, puc. 98 a)
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Ha rpaduke depe3 moNydeHHbIE TOYKH TMPOBOAUM IUIABHYIO WJIU
YCPEIHEHHYIO KPUBYIO (PHUC.S 6), KOTOPOH U MOIB3yeMCs JIJIsl BBEICHUSI TIOTIPABKU
B TOKa3aHUs TepMomapbl. To ke camoe MOXHO ObUIO OBl cleiaTh, COCTaBUB
Tabauily monpaBok. Tabmuiia, BooOIIe ToBops, yao0Hee B paboTe, ueM rpaduk, HO
WHOT/Ia €€ OBIBACT TPYJIHEE COCTABUTD.

B ¢usuke Ha rpadukax MPUHATO MO TOPU3OHTAIBLHOW OCH OTKJIAIBIBATH
HE3aBHCHUMYIO TEPEMEHHYIO, T.€. BEIMYHMHY, 3HA4CHHs KOTOPOW 3aJaeT cam
OKCIIEPUMEHTATOp, a M0 BEPTUKAIBHOW OCH — Ty BEJIMYMHY, KOTOPYIO OH TIPH
ATOM ompeenseT. IpyrumMu cioBamMu, 1Mo TOPU30HTAIIN OTKIIABIBAETCS NPUYUHA,
a 1o BEPTUKAIIU — Cle0cmaue.

Kak npaBuiio, rpaduku CTposiT Ha MUJUIUMETPOBOM Oymare.

Ha mummmuMerpoBoii 6ymare nomkeH ObITh BeIOpaH macmitad. [Ipu BeiOOpe
MaciTada Hy’KHO UCXOJIUTh U3 CIAEIYIOUIUX COOOPAXKEHUIA:
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- DKCIIepUMEHTAIILHBIC TOYKU HE JOJDKHBI CIIMBATHCS IPYT C IPYTOM, KaK 3TO
BUJTHO Ha puC. 6 a.
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W3 puc.6 a) 1oBOIBHO TPYAHO H3BJEYb MoJe3Hy0 nHpopmamnmio. [ToaTtomy
Jy4uie BbpIOpaTh Takod wmacmrald, 4YToOBbl PACHOJIOKHUTh TOYKUM C Pa3syMHBIM
WHTEPBAJIOM, Kak Ha puc. 6 6). Ho mpu 3TOM pekomMeHayeM UMETh B BUIY U JPYTHE
npaBuia.

- Macmrtad npomxeH ObITh mOpocThiM. Ilpomie Bcero, eciu €IUHUIE
n3Mepennoi BennuuHbl (nau 10; 100; 0,1 enuHUIBI U T.A.) COOTBETCTBYET 1cM.
MoxHO Takke BbIOpaTh Takoil macmTad, yToObl 1cM COOTBETCTBOBAN 2 WM 5
enuauUIaM. J[pyrux MacmrtaboB cienyeT n30eraTb mpocTo MOTOMY, YTO WHAYE MPHU
HAHECEHUHU TOYEK Ha rpaduK MPUIETCS TPOU3BOAUTH apUPMETHIECKUE TIOJICUETHI.

- Horna npuxoauTcst BHIOUPATh MacITad U3 TEOPETUUECKUX COOOPaKEHUM.
Tak, ecnii HaC UHTEPECYET, B KAKOW Mepe pe3yIbTaThl, PE/ICTaBlIEeHHbIE HA PUC.0,
YIOBJIETBOPSIIOT COOTHOUIEHUIO Y = mX, TO Ha HalleM rpaduke 3aBUCUMOCTHU J OT X
00s13aTEIBHO JOJKHO OBITh HAa4aJI0 KoopAuHAT. [[71s Takux 1ieneii rpaduk Ha puc.6
HE TOJIUTCS.

- Kak nenate HaamucH Ha OCAX KOOpAWHAT rpaduka U yKa3blBaTh UX Ha OCSX,
MOKa3aHo Ha pUCyHKax 4, 7/ au 0.



74

L5 |-
“ -y
R 2,2 14l
= =

E, 2.0l 13 |-

I r I i |

g Jjog 200 300 400 g g. 10

7, K 1/A%, mam ¥

a ]
Puc.7. Ilpumepsl, moka3pIBaroIIMe, KaK A€JaTh HAAIUCH BAOJIb OCEH
rpaduka U Kak yKa3bIBaThb €UHUIIBI U3MEPEHUSI.

Ha ocsix xoopauHaT cieayeT yKa3blBaTh Ha3BaHUE WM CHUMBOJI BEJIHMYUHBI
(w1 TOo W Apyroe). EquHuI n3MepeHnii Hy>)KHO yKa3blBaTh TEM K€ CIIOCOOOM,
YTO W B Ta0nMIaX, a UMEHHO JECSITHUYHBIA MHOXUTEIb OTHOCUTHh K €JIMHUIIC
U3MEPEHHUS.

n) Kak crpouth rpaduku?

['paduiku nenaroT B OCHOBHOM JUIsl TOTO, YTOOBI HATJSAHO TMPEICTABUTH
pe3yabTaThl SKCIEPUMEHTA, U MMOATOMY OHH JOJKHBI OWUTH MPEACIHHO SCHBIMH.
Hwmwxe MBI gaaumMm  psg  OOMMX COBETOB 10  BBIUCPUYMBAHHIO TPaQHUKOB.
[Tonb30BaTbCcs MMM HYXKHO C YYE€TOM OCOOCHHOCTEH KaKIOTO KOHKPETHOTO
ciyydast:

1. Korma Ha rpaduke mjii CpaBHEHHS C SKCIECPUMEHTAIBHBIMU JaHHBIMH
NPOBOST TEOPETUYECKYIO KPHUBYIO, TO TOYKH, IO KOTOPHIM €€ MPOBOJST,
BBIOMPAIOT TI0 CBOEMY yCMOTpeHHI0. HaHocUTh MX XKenaTenbHO 0e3 HaXuma,
Jy4Ilie BCEro KapaHIalloM, YTOOBI MPU HEOOXOJUMOCTH MOXKHO OBUIO CTEpETh.
OKCnepUMEHTAIbHbIE K€ JaHHbIC CIeAyeT OTMeYaTh KUPHBIMH, XOPOIIO
BBIJICIISFOIIUMKCS TOYKaMH (CM. puc.8).

o Fucnepusmenm

a - 5
Puc.8.

a — TpuMep HeyJadyHoro rpaduka, Ha KOTOPOM DJKCIEPHUMEHTAIBHBIC TOYKH OYECHBb
MEJIKHUE U HE OTVIMYAIOTCS OT PACUETHBIX TOUEK, IO KOTOPBIM IPOBE/IEHA TEOPETUUECKAS] KpUBAs;
6 — pacueTHbIE TOUYKH HE BUAHBI, & IKCIIEPUMEHTAIbHBIC TOUYKHA YETKO BBIJICIISIOTCS.
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2. llonme3no wHOrAa Yepe3 OKCIEPUMEHTAIbHBIE TOYKH IPOBOIHTH
«HaAWJIYYIIyIO» IJIaBHYIO KpuByl0. OOpaTuTe BHUMaHHE Ha CIIOBO MIAGHYIO.
Haunnaromye HepeaKko COeTUHSIOT IKCIIEPUMEHTaIbHbIE TOUYKU MTPOCTO JIOMAHOMN
JUHHUEH, KaK nu300paxkeHo Ha puc. 9, a. Ho Tem cambiM Kak Obl yKa3bIBaeTCs, 4TO
COOTHOUICHHE MEXKIY ABYMs BEITUYMHAMU HOCHUT CKauKOOOpa3HBIM XapakTep, a
3TO, BOOOIIE TOBOpPs, BecbMa MaloBeposTHO. Ckopee cieayeT OXuAaTh, YTO
JaHHOE COOTHOIIECHUE ONMCHIBACTCA KAKOK-ITMOO0 IIIaBHOM KpuBoOH (puc. 9, 0).

o 7]

Puc. 9.

CoenuHATh TOYKM JIOMAaHOHM MpsiMOW (Kak Ha rpaduke a) Henb3s, H0o 3TO
O3Havaj0 Obl, YTO MPU U3MEHEHUH OJHOM BEJIMUYMHBI APYrask W3MEHSETCS PE3KUMU
ckaukamu. Ilpu Tex ke SKCIEepUMEHTAJIBHBIX JaHHBIX OoJiee BEpOSTHO, YTO
3aBHCHMOCTD TIJIaBHAs, MOI00HO KpUBOM Ha rpaduke 6).

Ecnu Ha rpaduke nmeercst pacueTHas KpuBasi, TO «IUIaBHYIO» KPUBYIO 4epe3
HKCIIEPUMEHTAJIbHbIE TOUKH JIyUdllle HE IPOBOANUTD. Takas KpuBas, MOXKET ObITh, HE
COBCEM COOTBETCTBYET (PAKTHUUECKHUM JaHHbIM, U TOrjJa OHa OyJIeT MellaTh
NPsIMOMY CPaBHEHUIO 3KCIIEPUMEHTA C TEOPUE.

3. Uto0O»bl paznuyaTh 3KCIEPUMEHTANbHBIE JaHHBIE, OTHOCSIINUECS K Pa3HBIM
YCIIOBUSIM WJIM PAa3HBIM BEIIECTBAM, MOKHO IOJIb30BAaThCA PA3HBIMU 3HAYKAMH,
HalpuMep TEMHBIMU WJIU CBETJbIMH KPYXKAMH, KPECTHKAaMU WM TOYKAMH
pazHoro nBera. Ho mpu 3TOM HY)XHO 3HaTh Mepy: €ciu Tpaduk HayMHAET
BBITJIAJIETh 3arPOMOXKACHHBIM, TO JIy4YIlle JJI TOW TPyHIbl AAaHHBIX MOCTPOUTH
OTIIETBHBIN rpaduK.

Pa3znble 3Hauku ynoOHee BCero, MoXKaldyid, B T€X CIIydasX, KOTJa HYXHO
MI0Ka3aTh, YTO PE3YJIbTATHl MOYTHU HE 3aBUCAT OT YCJIOBHM 3KCIEPUMEHTA WJIU
HCCIIEyEMOTO BEILIECTBA.

4. Pa3meuarp pgeneHUss Ha OCSX KOOpAMHAT W HAHOCUTh Ha Trpadux
DKCIIEPUMEHTAJIbHbIE TOYKM JIyYllle BCEr0 CHayaja KapaHzamom. Bapyr Bbl
pelmmTe U3MEHUTh MaclTad WM OKAaXKETCA, YTO Kakas-Tubo TOoYKa CIy4yalHO
nocTaBjieHa HeBepHO. Ecnum ¢ macmraboM M pacnojioKeHHEM TOYEeK BCE B
NOPSIJIKE, TO HETPYAHO OOBECTHU BCE TYIIbIO WM YEPHWIAMH U CIEIaTh KUPHbBIE
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HKCIIEPUMEHTAIbHbIE TOUKU. B pesynbrare BaM yaacTcs n30exaTh MEpPENesioK U
JMIIHUX 3aTpaT rpadudeckoi Oymard.
5. OmmOKy B 3KCMEPUMEHTAIbHOM 3HAYEHUM MOXHO YKa3aTh CIEIYIOIINM

oOpazom:
i - @_4

[TocKOJIbKY HaHECEHUE TaKUX 3HAYKOB — JOMOJHUTEIbHBIA TPYJ U MPUBOJIUAT
K YCIOXHEHHIO rpaduKa, 3TO CleIyeT JejaTh JHIIb B TOM Ciy4ae, eclid
uHpopMarus 06 onmmoKkax JeHCTBUTEILHO HY)KHA.

Korma or omumboKk MOXET 3aBUCETh  3HAYUMOCTh  OTKJIOHEHUS
HKCIIEPUMEHTAJIbHBIX JAHHBIX OT TEOPETHUECKOW KpHuBOM, (cM. puc.10) To B 3TOM
clly4ae OIIMOKHA HEOOXOAMMO YKa3bIBaTh.

['paduk, Ha KOTOPOM yKa3aHbl OUIMOKH, IOMOTAET BBISICHUTH PACXO0KJICHUE
MEXIYy TEOPUEH U SKCIIEPUMEHTOM.

OmmOku OOBIYHO YKa3bIBAIOT M €HIe B OJHOM cliyda€ — KOrja OHH
HEOJMHAKOBBI JIJIS1 pa3HBIX AKCIIEPUMEHTAIbHBIX TOYEK.

Puc.10. OTKIOHEHUsS! SKCIIEPUMEHTANIBHBIX TOYEK OT MPSIMOW JIMHMM Ha o0oux Trpadukax
OJIMHAKOBBI, HO B CIIy4ae a, OTKJIOHEHHE BPsJ| JIU 3HAYUMO, a B CIIy4ae 6 — 3HA4UMO.

Br100op HanOo1ee NOKA3aTeIbHON 3AaBUCMMOCTH

JlormycTuM, YyTO MBI IPOBOAUM 3KCIIEPUMEHT, 1Li€Jb KOTOPOrO0 — MPOBEPUTH
CHpPaBeIMBOCTh COOTHOIIEHUs1 y=x. [lomyuyeHHble HaMHM Maphl 3HAYEHUH X U Y
MOKa3bIBAIOT, YTO JIAHHOE PAaBEHCTBO MPHUOJU3UTEIBHO BBIMONHAETCA. UTOOBI
OpEICTaBUTh pe3yJbTaThl TrpapUuecKd, Mbl MOXEM IOCTPOUTh TIpaduk
3aBUCUMOCTH ) OT x @) Ha puc.ll. Ho ropazmgo Oosee mokaszaTelbHBIM ObLT OBl
rpauK 3aBUCUMOCTH Pa3HOCTH J — X OT X, MO0 3Ta pa3HOCTh MaJia 110 CPAaBHEHUIO
C BEJIMYMHOM y U MBI MOTJIM OBl TOT/1a BBIOpATh Oosiee KpymHbIN MaciiTad (CM. puc.
11, 6). Ha nepBoM U3 rpaukoB OTKJIOHEHHUS OT PaBEHCTBA y=x cia00 3aMETHBI, a
Ha BTOPOM OHH OTYETIUBO BUIHBI.

AHaJOTHYHBIA METOJ MPUMEHHUM M TPH MPOBEPKE COOTHOIICHUS y H MIX.
['paduk 3aBUCUMOCTH ¥ OT X MOJE3€H TeM, YTO JAeT OO0IIee MpeAcTaBIeHUE O e
xapakTtepe, a). boyiee moka3zaTeabHBIM IIPU MTPOBEPKE JAHHOTO COOTHOIIEHUS OyaeT
rpaduk 3aBUCUMOCTH )/x OT X. B 3TOM ciyyae Ham He moTpebyercs, 4TOObI Ha
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rpaduke o0s3aTeNIbHO OBUIO HAayajao KOOPJIMHAT, Kak B a), U Mbl MOXEM BBIOpaTh
001acTh U3MEHEHHUS BEJIMYUH /X U ) TaK, KaKk HaM y/100HO, 0).
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2.6. 3anucu OGHHBIX U BLIYUCTICHUS

B kax10M SKCIepUMEHTE 0YeHb BAXKHO Cpasy ke 3alucarh BCE MPOJIEIaHHOE.
3anmuch JOIKHA OBITh SCHOM M DKOHOMHOM. 3aIiCH JIOJKHBI OBITh TAKMMH, YTOOBI
caMu ObUTH B COCTOSIHUH 0€3 0c000Tro Tpy/ia MOHATh X CITYCTS HEKOTOPOE BpeMs.

Kak Bectu 3ammch: B OJHON pabouedt TeTpaau WIM HA JHUCTKAaX C
MOCJICYIOITUM TIepenuchiBaHueM. [IpenmyriiecTBo pabodynx TeTpaacii B TOM, 4TO
BCET/la U3BECTHO — TOJIBKO B HEHM M HA/O BCE MCKaTh, HET Pa3pO3HECHHBIX JIMCTKOB,
KOTOpbIE MOT'YT 3aTepsThcs. [ MaBHBIM HEAOCTATOK paboueil TeTpaau — 3TO TO, YTO
B JIIOOOM JKCIICPUMEHTE, JIaKe HE OYCHBb CJIIOKHOM, OT OJHOTO M3MEPEHHUS YacTo
MPUXOAAT K JAPYroMy, a 3aTeM OOpaTHO, W 3aIllMCh Ka)JIO0T0 M3 HUX OKa3bIBACTCS
Pa3pO3HEHHOM.

[IpeumyiiecTBO OTACNBHBIX JIUCTKOB B TOM, YTO 3alKCH, IOCBSIICHHbBIE
OJTHOMY M TOMY K€ BOIIPOCY, BCETJa MOXHO COOpaTh BOEAMHO HE3aBHCHMO OT
IPYTUX, WX pa3deysionmmx. Takue IUCTHI MOXHO coOpaTh (Hampumep, B
CKOPOCIITUBATENE)B JIIOOOM KOJIMYECTBE W B JIFOOOM mopsiike. O4YeBHIIHO, UYTO
coueTaHue paboueit TeTpaau ¢ OTACIbHBIMU JIUCTKAMH JACT MPEUMYIIECTBA TOTO
iy apyroro croco6a. [Ipu 3ToM o4YeHb MoIe3HO MPOHYMEPOBaTh BCE JTUCTKU HIIN
CTpaHUIlbl paboueit TeTpau.
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3anuce 3MepeHuii.

Baxxnas 3amaga nmpakTuueckoil (M3MKH COCTOUT B TOM, YTOOBI HAYYUTHCS K
yeTko U 3dexTuBHOM 3amucu. [Ipexne Bcero, s 3TOr0 HYKHO HAay4YUTHCA
3alKMCBIBATh HEMOCPEACTBEHHO M3MEpSEMbIE BEIWYMHBI — BCE PE3yJIbTaThl
U3MEPEHHI ClIelyeT 3amuchiBaTh HEMEJIEHHO U 0e3 kakoil-mubo obpabotku. 13
ATOr0 MpaBWIa HET HUCKIoYeHHs. He mpoBoauTe HUKaKuMX MpeBapUTEIbHBIX
pacyeToB, Ja)Xe€ caMble NpPOCTble, MPEKAE YEM HE 3alMIIeTe pe3ylabTaThl
U3MEPEHUI — TO MOKa3aHUs MPUOOpa B JEICHUAX Kbl U IIPeie] U3MEPEHUI Ha
npudope. Ilpu mpoBeneHUN M 3aIUCU U3MEPEHUN XOpouio npogepume mo, 4mo
3anucanu, 8321AHY6 ewje pas Ha npubop. Bee 3anmcu Hao0 JaTUPOBATH!

Y MHOTMX CTYAEHTOB €CTh OJHA IUIOXas IIPUBBIYKA 3alMCHIBATH PE3YJIbTATHI
U3MEpEHU, HaOMIONeHU Ha KJIOYKe OyMaru Wi B YEPHOBOW TETpaau, 3aTeM
NEPENUChIBaTh UX B YUUCTOBYIO TETPalb, @ OpUTrHHAI BhIOpackiBaTh. [IpoTuB 3TOTO
MOKHO BBIIBUHYTh TPH BO3PaKEHHUSA: a) 3TO NPHUBOJUT K OONBIION moTepe
BpeMeHU; O) TMpu MEepenuchbIBAHUM BO3MOXKHBI OMIMOKH; B) NPAKTUYECKU
HEBO3MOKHO M30€XaTh 0TOOpa JaHHBIX.

[locnennee 3ameyaHue OCOOEHHO Ba)KHO, MOO TaM BO3MOXXHO OyAYyT «HE
«TOKa3aTeNbHbIE» PE3YNbTaTbl U3MEPEHUN WM Apyrue HeynoOHble 3anucu. B
3aIlMCH Ba)KHA HE KPacoTa, a ICHOCTh!

Bce nepsuunvie dannvle usmepenuti HA00 coXpaHuma!

CxeMbl.

3HaueHUE CXEM B 3alMCSIX HKCIIEPUMEHTA U B OTYETaX 00 SKCIEPUMEHTE BPsi
JM MOXXHO IIE€PEOLICHUTh. JONMOJIHEHHAasd HECKOJBKMMHU CJIOBaMHU CXEMa 4YacTo
OKa3bIBa€TCS CaMbIM MPOCTHIM M CaMbIM XOPOLIUM CIHOCOOOM OOBACHEHUS UICH
HKCIIEPUMEHTA, ONMCAHUSl YCTAHOBKU U BBEJEHUS 0003HaueHui. Cxema He JOoDKHA
OBITh  XYHOXKECTBEHHBIM WWiIH  (GoTOorpaduyeckd TOYHBIM  H300paKeHHEM
ycraHoBkH. OHa AokHa OBITh Kak MOXHO mpoimie. Ha cxeme DOMKHO OBITH
yKa3aHO TOJBKO TO, YTO HMMEET OTHOIIEHHE K d3KcnepuMmeHty. MHorma cxema,
MCKa)Kasi MacIliTad, MOXKET BbISIBUTH Ty WM UHYIO OCOOCHHOCTh YCTAHOBKH.

JIpeBHsIs KuTalicKasg MOCHOBUUA TiAacuT: «OOWH PUCYHOK JIy4YIllE€ TBICSYU
CJIOBY.

Tadauubl.

CrapaiiTech Bcerjga 3alucbiBaTh pPE3yJbTAaThl U3MEPEHU B BUJE TaOIuII.
Takasi 3anuch KOMMOAaKTHEE W MOpOLIE ISl YTeHUS. 3HAYCHUsT OJAHOM M TOU Ke
BEJTMYMHBI JIy4dIlle BCETO 3allMChIBaTh B BEPTUKAIBHBIN CTONOMK. B Hauame
Ka)KJ0ro CTOJIONA HAUIIUTE Ha3BaHUE WJIM CUMBOJ COOTBETCTBYIOIIEH BETMUMHBI
U yKaXuTe eAuHuIly usmepenus. [Ipu stom ynoOHO mpuIaTh eIUHUIIE U3MEPEHUS
TaKOW JCCATUYHBIA MHOXKUTEIb, YTOOBI 3alMMChIBAEMbIC 3HAYCHHUS ObLIH
3aKII0ueHsl B HHTepBane npumepHo oT 0.1 mo 10°. Ha mpakruke uame 310
nenaercs B TakoMm Bume: E, 10° B/m wm E-10° B/m. Btopoii cmocob6 MeHee
MpaKkTUYEH, YJ0OHO MOJIb30BaTHCS IEPBBIM CIIOCOOOM.

B Tabnuuax cnemgyer uzberarb MOBTOpeHUN W ucnpaBieHui. [IpuBbluka K
WCIIPABIICHUIO — Bpar SICHOCTH.



79

Cxembl 1 TaOIUIBI — 3TO ABE (POPMBI 3alIUCH, KOTOPBIE O3BOJISIOT JOOUTHCS
OO0JIBIION SICHOCTH.

BoruuciaeHus.

Ilenp »KCHEpUMEHTAa — TMOJYYUTh HEKOTOPYIO YHCIOBYIO BEJIMYMHY, U
IIO’TOMY TOYHOCTH IIPU BBIYMCIICHUS TaK K€ BAKHO, KAK U IPU U3MEpPECHUAX. B
BBIUHCIICHUSIX KECTKO CIIEUTE, YTOOBI BCE YUCIOBBIC 3HAYCHHS OBLIH MPUEMIIEMbI
0 TOPSIZIKY, @ BCE BEIMYMHBI OBLITM B OJIHOM cucTeme u3Mepenuid. Unoraa ObiTyer
JI0’KHO€ MPEJICTABICHUE, YTO YUCIOBBIE BBIKJIAJKH — 3TO TPUBHAIBHO U HE OUYCHb
BaxkHoe Jeno. CuyMraeM, 4YTO HECHOCOOHOCTh K HHUM €CTh OTCYTCTBHE
MaTE€MaTUYECKOro MMPO3PEHUS WIH TaJaHTa.

O BBIYUCIIEHUAX OLIMOOK M3MEPEHUN M MPUONIMKEHUS B YMCIaX TOBOPHIIU
BBIIIIE.
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3aoaua 1. U3YUYEHUE SJIEKTPOCTATUYECKOI'O ITOJIA
Heas 3axauu: O3HAKOMJIEHHE C OJHMM U3 CHOCOOOB M3y4YEeHHs
XapaKTePUCTHK 3JICKTPOCTATHYECKUX IOJIEH, OCHOBAHHOM Ha MaTEeMaTHYeCKOM
MO/ICJINPOBAHUU, HA PUMEPE MOJIA C OCEBOM CUMMETPHEN (paro-TeaeKadesn).
IIpuHajaeKHOCTH: WCTOYHUK TMHUTAHUS, IUIAHIIET C DJIEKTPOJIaMH,
MHKPOaMIIEPMETp, 30H, MarasuH conpotusiesus Ha 10* Om.

[Ipn KOHCTPYMpPOBAaHWU SJEKTPOHHBIX JIAMII, JCKTPOHHBIX JIMH3 M APYTHUX
npubopoB TpeOyeTcsi 3HAHME paCIpe/ielieHUus DJIEKTPUYECKOro IMoJsl B
MPOCTPAHCTBE, 3AKIIOYEHHOM MEXIY DSJIEKTpOJAaMu NPOU3BOJILHONH (HOPMBIL.
Teopernyeckuil pacyeT ITHX IMOJEH BO3MOXKEH TOJBKO [JIi CaMbIX IPOCTHIX
KoH(urypanuii mosieid, a B 00IeM clydyae OH NPAKTUYECKH HE BBITIOJHUM.
[ToaToMy CHOXHBIE D3JIEKTPUYECKHE TIOJS HCCIEIYIOTCS HKCIEPUMEHTAIbHO,
METOJIOM WX MOJIEeTUpOBaHMus. B OCHOBE MoOJeIMpoBaHUS BCeX (PUINUYECKUX
SIBIICHUH JISKUT B3aUMOJCHCTBHE MEXKAY TEIaMH WM YaCTUIIAMH, YYaCTBYIOIIUMU
B 9Tux sBieHusX. COriacHO MpeACTaBICHUSM COBPEMEHHON (U3UKH BCAKOE
B3aMMOJICHCTBHE TMEpeNaeTcss 4epe3 HEKOTOpOoe IMoJie. DJICKTPUUYECKUE 3apsiabl
B3aMMOJICHCTBYIOT Yepe3 DJIIEKTPHUYECKHE IO, KOTOpPOE OHH CO3JAal0T B
IIPOCTPAHCTBE BOKPYT CEOI.

DNEeKTpUUecKoe TOJe MOXET CYIIeCTBOBaTh M B BaKyyMe W B cpeaax. B
MOCTIEIHEM CITy4ae B3aMMOJCHCTBHE MEXAY TeJIaMH YMEHBIIACTCS Ha BEITUUYHHY
JTUDJIEKTPUUECKOW MPOHUIIAaeMOCTH cpeabl. Cuiia  B3auMMOJEHCTBUS  MEXKIY
3apsgaMu orpezaensercs 3akoHoM Kynona, a sTa cuiia, OTHECEHHas K EIUHUIIES
OJIHOTO M3 B3aMMOJICHCTBYIOIIUX 3apsiiOB, HA3bIBAIOT HAIPSKEHHOCTHIO TOJIS.
HanpsioxkeHHOCTh MO yI00HO Tpaduueckun n300pa)kaTh C MOMOIIBIO CHUIJIOBBIX
JVUHUM, TAE TMOJ JIMHUEW HAIpPSHKEHHOCTH MPUHUMAETCS JIMHHS KacaTeiabHas, K
KOTOpOM B KaXJAOW TOYKE COBIAJAET IO HANpPaBJICHUIO C BEKTOPOM
HampsHKeHHOCTH. KapTuHa CHIIOBBIX JMHUN B3aUMOJCHCTBHUS JIBYX 3apsSKEHHBIX
TeJ puBelieHa Ha puc. 1 (cM. HacTosIee u3aanue, § 2, yactu 1).

BekTop HampsDKeHHOCTH — AJIeKTpudeckoro monss E— 310 cuimoBas
XapaKTePUCTHKA DIIEKTPHUECKOTO TOJIS.

B kauecTBe CKaJspHON XapaKTEPUCTUKU TMOJISA UCIONB3YIOT moTeHnuai. o
MOTEHIIMAJIOM TMOHUMaeTcsl paboTa, 3aTpaunBaeMasi Ha TepeMenieHNe SIUHIYHOTO
MOJIOKHUTEIIBHOTO 3apsifia U3 OCCKOHEYHOCTH B JaHHYIO TOUKy. [loTeHmman ¢ —
PHEpreTUYecKas xapakrepuctuka moiis. [IoCKOIbKYy OHO M TOXKE DIEKTPUUYECKOE
M0JIE MOXHO XapaKTepU30BaTh NBYMs (PU3NYECKUMH TOHSTHIMU (BEIMUUMHAMH),
TO OHU, OUYEBHJIHO, CBS3aHBI MKy COOOI BHIPAKECHUEM

Ap=—(E-Al)=—|E|-|Al'|-cosa,
U3 KOTOPOTO CIEAYeT, YTO Pa3HOCTh MOTCHIIMAIOB MEXKAY NBYMS OJU3KUMH

TOYKAaMH, COCIMHCHHBIMH BeKTOpoM Al , cocTaBisommii yrom & ¢
HaIpPsHKEHHOCTHIO 1MoJst E. OTMeTHM, 4TO CUIIOBBIC JIMHUM HANIPSKEHHOCTHU moJist E
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U OKBUIMOTEHIUANbHbIE JHMHUM (JIMHUM PaBHOTO T[OTEHIMAaja) B3aUMHO
MEPIIEHAUKYIISIPHBI.

I MaTeMaTH4ecKOro MOJEIUPOBAHUS AIEKTPOCTATUYECKOrO MOJIS IIUPOKO
UCIIOJIB3YIOT TOT (PaKT, YTO AJIEKTPUUECKOE TOJIE CTAI[MOHAPHOTO TOKa Ci1abo
MPOBOASIICH XKUIAKOCTU WA TBEPAOW CpEIbl SIBISACTCS MOTCHIUAIbHBIM. JTO
MO3BOJIIET MCIOJIB30BAaTh JJIEKTPUUYECKOE MOJIe CTAIMOHAPHOTO TOKa B Ci1abo
MPOBOJIAIIECH Cpelie Iyl MOAETUPOBAHUS NEKTPOCTATUUECKOTO MO 3aPSIKEHHBIX
TE€JI B BAKyyMe.

[Ipyu MoOmenupoBaHUM HCIOJIB3YIOT JJIEKTPOJABI, B3aUMHOE PACIIOJIOKECHUE
KOTOPBIX [JOJDKHO OBITh TakuM e, Kak U B Mojenupyemom mnpubope. Ha
AJIEKTPOJBI MOJAETCS HAIIPSKEHUE, PABHOE WIM IIPOIIOPLUUOHAIBHOE TOMY, UYTO U B
MozenupyemomM mpudope. [Ipu cobnmogeHnn dTUX YCIOBUN 3JIEKTPUUECKOE MOJIe
MEXIy DJIEKTpoAaMHu OyJleT UMETh Ty k€ KOH(PUTYpAIUIO, UTO U MOJIETUPYEMOe
I10JI€, OTJIMYAsACh OT HETO JIUIIb 3HAYEHUEM HAIPSLKEHHOCTH T1OJIS.

Ecoiu mexnay »2JekTpoJamMu MOMECTUTh Cj1abo TPOBOISIIYIO Cpeay, TO
KapTHHA JJICKTPUYECKOTO TOJisi B 00ImeM ciy4dae, u3MmeHurcs. OpHako mpu
COOJIIOICHUU HEKOTOPBIX YCIOBUM, TAKMX U3MEHEHUN MOXKHO U30€KaTh:

1) ecnu 37EKTPONPOBOAHOCTh CPElibl Maja (Majld M TOK, MPOTEKAIOIHUN yepes
cpeny);

2) BJIEKTPONPOBOJHOCTh 3JEKTPOJOB, HAMPOTHB, BEJIHMKA. ODTO TMO3BOJSET
npeHeOpedsr NajeHUeM HampsikKeHUss B UX oObeMe, a 3HAYUT CUUTaTh, YTO
IIOBEPXHOCTh JJIEKTPOAOB SBIISIETCA HSKBUIIOTECHUMAIBHON IMOBEPXHOCTBIO. XOJ
CUJIOBBIX JINHUU IIPU 3TOM AHAJIOTUYEH XOJY CWIOBBIX JMHUM B JTUAJIEKTPUUECKOU
cpene, B Bakyyme. Ilpum TakoM MOAEIMPOBAHWUK  CUJIOBBIM  JIMHUSM
AIEKTPOCTATUYECKOTO TI0JISI COOTBETCTBYET JIMHUU TOKA, & IOBEPXHOCTIM PABHOIO
MOTEHIMaJIa - IIOBEPXHOCTH PpaBHOIO HampspkeHus. [IpemmymecTBo  3Toro
MOJICIMPOBAHUSI COCTOUT B TOM, YTO U3MEPEHHUE TMOJIs B C1ad0 MPOBOAIIEH cpesie
MO>KHO BBITIOJIHUTh 3HAYMTEIBHO MPOIIE, YEM B HEMPOBOMAIICH. DTa MPOCTOTA
BBI3BAHA TEM, YTO B TOKOIIPOBOASAIIEH cpejie 0OBIYHO U3MEPSETCS MOTEHIMAN, a He
HaIMpPsHKEHHOCTh MoJid. [ Takux U3MEpeHU MCTIOJIb3YIOT 30HBI (AJIEKTPOJbI),
BBOJMMBbIE B Tojie. 30HA TMPEACTaBIseT COOOM  MPOBOJAHUK, XOPOIIO
W30JMPOBAHHBIM 1O BCEM JJIMHE, KpoMe KoHLa. i u3MepeHus pa3HOCTH
MOTEHIIUAJIOB MEXIy JBYMS TOYKaMH B TOKOIPOBOASIIEH cpelie HEeoOXOIuMO
IIPUKOCHYTHCS 30HJIaMHU K 3TUM TOYKaM M U3MEPUTH HAMNPSIKEHHUE BOJIBTMETPOM,
MOJIKJTIOYEHHBIM K HUM. TakuM METOJOM B TOKOIPOBOIAIIECH CpEIe MOKHO
HAMETUTh JIMHUM PaBHOTO TMOTeHIMana. JluHUM TOKa mpu ITOM OyayT
OPTOTOHAJIBHBI JIMHUSIM PABHOTO IMTOTEHIMAA U COOTBETCTBYIOT CUJIOBBIM JIMHUSIM
HANPsHKEHHOCTH MOAEIUPYEMOTO JEKTPOCTATUYECKOTO TOJIA.

B mHacrosmelt pabore MojenHmpyeTcs — pachpelelieHHE — TOTEHIHalia
AIEKTPOCTATUYECKOTO MOJII BHYTPU YUIUHOPUUECKO20 KOHOeHcamopa (TaKkou xKe
XapakTep HUMEET pachpelesieHue TMOTEHIMAala 3JIEKTPOCTAaTUYECKOTO  IMOJIA
OECKOHEYHOW paBHOMEPHO 3apsUKEHHOM HHTH, B Tele-paauokadensax). Iloe
MOJICJIUPYETCS] C MOMOIIBIO BIIAXKHOI'O IECKA, B KOTOPOM ILIOTHO IPHUXKAThl JBA
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KOAKCHAJIbHBIX HUWIMHAPUYECKUX dJeKTponaa. s Takoil Mojaenu 3aBUCUMOCTh
HaIMpPsHKEHHOCTH M MOTEHIMANA TMOJsl OT PAacCTOSHUA I OT OCHU CHUCTEMbI MOKHO
paccuuTaTh CIeaylmuM obpa3oM. [I1O0THOCTH TOKa Ha paccTOSHUU I OT OCH

cucrembl j(I) HaXOQUM W3 YCIIOBUS HENPEPHIBHOCTH J(r) =1/ / (27U”d), rae | -

TIOJHBIA TOK, MPOXOASAIIMI MO BIAKHOMY HecKy; O - TONIIMHA CI0S BIAXKHOTO
necka. Toraa ot HapsHKEHHOCTH OIS Ha PACCTOSIHHY I TOTydaeM
En=Jnlo um  E(r)=1/(2zrdo),

TJe O - 3NEKTpUYeCcKast IPOBOIMMOCTh BIXKHOTO ITECKa.

OKcliepuMeHTallbHas YCTaHOBKA B JTaHHOW paboTe coOpaHa TakuM oOpa3oM,
YTO Ha OMBITE U3MEPAETCSA PAa3HOCTb MOTEHIUATIOB MEXIY HAPYKHBIM 3JIEKTPOIOM,
MOTEHIMAll KOTOPOrO NPUHUMAETCA PaBHBIM HYII0 M HOTEHIHAIOM B JaHHOM
Touke moysd. TeopeTnuecku 3Ty Pa3HOCTh HMOTEHLHUATIOB MOXKHO PAaCCUMTATB,
BOCIIOJIB30BABIINCH CBA3BIO MEXIY HANPSIKEHHOCTHIO MO U TOTCHINATIOM

=-grad ¢.

B monspHO# cucteMe KOOpAMHAT AJs LUIMHIPHYECKOTO KOHAEHCATOpa 3TO

PaBEHCTBO IPUHUMAET BUJI!

E(r) :—d(P/dl":_dU(r)/dl", (1)
OTCroAa JJIA IMIOTCHIMAJIA ITOJTyIYUM
f I ry
Ugey ==J Egydr = 5-In=*, o)

rze I, - paanyc Hapy»KHOTO JICKTPO/Ia.

[Tonyuennbie Boipakenuss aius E(r) m U(r) mMoxxHO mepenwcarh B BHIE,
yIOOHOM I OINBITHOW MPOBEPKH, €CJIM BMeCTO BenuunH o, J u d BHecTH
BeIMYMHBl I, [, u U, Jerko wmsmepsemple B 3KkcrnepumeHte (r,, - paauyc
BHYTpEHHETO 3JekTpoaa, U, - pa3sHOCTh MOTEHIMAJIOB MEXIy HapYXHBIM H
BHYTPEHHHM 3JIeKTpoaamu). Toraa

B 1 Ty
Yo =V = 2nod i Far )
ot T
Fgy

) " Inlr /r V¢
In(ry /rgu ) r
Copeprxanue HacToAlEH pabOThl COCTOUT, TAKUM 00pa3oM, B ONpE/IEICHUU

onbITHBIM TTyTeM 3aBucumocteit U = U(r) u E = E(r) u cpaBHEHHH MOTYyYCHHBIX
pe3ybTaTOB C OJTUMHU K€ 3aBUCHMOCTSMH, HANIEHHBIMH TEOPETUYECKH H
BoIpakeHHBIMU (opmynamu (4) u (5). Dopmyny (3) wucnomb3yercs s
OIIPE/ICIICHUS C.
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OnurcaHune YKCIepPUMEHTAIBHON YCTAHOBKH.

OnekTpuyeckass CXeMa YCTaHOBKM I MOJCJIMPOBAHUS pPACIPEICICHUS
NOTEHIMAIA W HANOpPsLDKEHHOCTU B3JIEKTPUYECKOTO Mo, O0Jadarouiero OCeBOM
CUMMETpHEH, TpuBeaeHa Ha puc.l, rae 1 - HapyXHBIN A5eKTpoa paauyca I,; 2 -
YBIQXXHEHHBIM MECOK; 3 - LEHTPalbHBIA 3JEKTpoj] paauyca [, 4 - 30HI —
DIIEKTPOA; 5 - MHKpoaMIepMeTrp U Ry - IONOJIHHUTENBHOE CONPOTUBICHUE K
MUKpOaMIIEpMETPY. DNEKTPUUECKasi CXeMa MUTAETCAd OT WCTOYHHMKA NUTaHUs (6)
NOCTOSIHHBIM PETYJIHPYEMBIM CTAaOMJIM3UPOBAHHBIM HaIpshKeHUEM B mnpezenax 0
= 9 B. OnucanHas cxema Mo3BOJIIET NIPOBOAUTh U3MEPEHHS HAIIPSIKEHUS MEXKTY
Hapy>XHBIM D3JEKTpOAOM 1 M KakoW-mubo TOYKOM A mpoBoAsIed cpenbl 2.
N3MepuTenbHbIM IPUOOPOM SIBIIIETCS MUKPOAMIIEPMETP, KOTOPBIM M3-3a HaIU4Us
OOJIBIIOrO JONOJIHUTENBHOTO compotuBieHus Ry = 100 kOM paboTaer B pexume
BosibT™MeTpa. llogkiroueHne u3MEpUTENbHON Lemu, Onarojaps OoJsibLIOMY
JONOJTHUTEILHOMY COIPOTUBIIEHUIO Ry 10 CPaBHEHMIO C COIPOTUBIIEHUEM y4acTKa
TOKOIIPOBOSLIEN CPEIIbl MEXY TOUKOM A M HapYyKHBIM 3JIEKTPOAOM, HE BHOCUT
3aMETHBIX HCKa)XCHUI B CHIIy TOKA Ha 3TOM y4YaCTKE U CIIEJOBATEIbHO, B [1aJICHUE
HanpsokeHus U(F) Mexay Toukoi A v Hapy»KHBIM 3JIEKTPOIOM

Puc. 1.

Ecnu mnpeneOpedb CONMPOTHUBIEHHEM 30HBI KOHTAKTa MEXKIY 30HIOM U
IPOBOIAIIEH CPEIOi, a TaK)Ke BHYTPEHHHM CONPOTHBICHHEM MHUKpPOAMIIEPMETpPa
10 CPaBHEHUIO C BEIMYMHON Ry, TO TOK, MpOTEKalOMmuil Yyepe3 MUKpOaMIIepMETp
I(r) = U(r) / Ry, e r - paccTossHEE OT OCH MOJEIH JI0 U3ydaeMoi Touku A. 3Has
cuity Toka (), mpoxozsiiero yepe3 MUKpoaMIepMeTp, HaiaeMm

Yy =1y &y (6)
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Jst 6oiee TouHoro onpeneneHus |y T
U3MEPEHHs MPOBOJIAT HECKOIBKO pa3 Uit ;
TO4eK A, JexalMx B pasHBIX
HaIpaBJeHUsAX (puc.2), HO Ha

OZIMHAKOBOM PacCTOSHUU OT OCH

_“{ Ve

=

2
3

LY

Puc.2.
Mozenu, (puc.2). Ilociie 3Toro HaXoOAT €ro cpeHee 3HaUCHHE

1
U= 2o, M

C IIOMOIBIO KOTOPOTI'0 OKOHYATCIIBHO ITOJydacM

Ui =(1(n)Ra. (8).

OmnwuceiBacMasi yCTaHOBKA IO3BOJISIET M3MEHSATH I OoT 1.6 cM (BHYTpeHHHU
paamyc ayekTpoaa) mo 12 cM (HapyXHBIH paauyc 3iekrpona, ly,) C IIarom
paBHBIM | cM

3nauenue Ry nopsaaka 50 — 100 xOwm.

ITo paccuMTaHHBIM M3 OIBITHBIX JAHHBIX 3HaueHHsAM Uy nanee Haxogum
3aBHCHMOCThH HANPSOKEHHOCTH TMOJISI B JAHHOW TOYKE TOKOIPOBOJSIIEH CPeIbl OT
paccrosiaus I'. [ aToro Bocmnosb3yemcs 3aBucumoctbio Mexay U(r) u E(r):

Yin =Y

L= r - (9)

rae U(r+1) - nampsbkenue Ha paccrosauu r+0,01 M (r usmepeno B m). B
naHHOM pabore Hampsbkenue U(r) wu3mepseTcss B TOYKax, OTCTOSINHMX Ha
pacctostaun Ar=0.01m npyr ot npyra. HampsokeHHOCTh MOJs B ATHUX TOYKax
MOJKHO OIPEACIIUTh, €CIIH BOCIOJIL30BATLCA MUMEIOMUMUCS AaHHBIMU st U(r), B
€UHUIIaX BOJLT/METp, eciu U BeIpakeHo B B.

[Tops/10K BBIMOJIHEHUS PAa0OTHI :

1. TMonb3ysick OMUCaHUEM, O3HAKOMHUTBLCS C YCTAHOBKOH.

2. I[loaroToBUTh yCTaHOBKY K pabore. Jlos DTOro MOCTaBUTH PYUKY
MIOTEHIUOMETPA, PETYIHUPYIOIIETO HANpPSHKEHWE Ha BBIXOJE HMCTOYHHMKA TOKa B
KpaiHe JIEBOE MOJIOKEHNUE U MOJAKIIOYUTH C MOMOIIBIO MPOBOJIHUKOB YCTAaHOBKY K
BBIXOJIHBIM T'HE3/1aM BBINPSIMUTEISAM, COOJII0/1ast MOISPHOCTb.

3. Bxmounts "CETB".

4, KocHyTbCcsl 30HIOM 4 BHYTPEHHETO ODJEKTPOAa M BPAIEHUEM PYUKH
MOTEHIIMOMETpPA PEryJsiTOpa BbIXOAA MCTOYHHMKA TOKa 6 JOOUTBHCS TOrO, YTOOBI
CTpejika MHUKpOaMIepMeTpa OTKJIOHWJIAch Ha BCIO IIKalny mnpubopa (mpu
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HEOOXOJMMOCTH, HYKHO MEHATb TMpeAesibl  PETyJIUPOBKU  HAIMPSIKEHUS).
O0o3HaunmM uepes |, Makcumanbublil Tok. OgeBunno U, =I,R,.

S. BeIOparh Ha TOKONPOBOASALIEH Cpele KaKOM-IM00 IMTPOM3BONLHEIA JIyd
(pamuyc). YcTaHOBUTH 30H] MOCIEAOBATENIbHO B TOYKH Jiy4a C PaJvalIbHBIMU
KoopauHatamu 1, 2, 3,..cM, H 3amnMcaTh COOTBETCTBYIOIIME ITOKA3aHUA
mukpoamriepmeTpa 1(r) Bo BTOpoi cronber; TaOymnbel 1. (popma TaOIUIBI
IpUBEACHA B KOHLE 3aJ1a4H).

Ilpumeuanue. Ilpu usmepenuu moxa 3010 HEOOXOOUMO CMABUMb HE HA CAM
ayd, a psoom ¢ Hum. llpudsicum 30H0a K cpede O0oJicer bbimb 00CMAMOUHBIM OJis1
obecneuenusi xopouie2co KOHMAKMA, O 4eM MOMNCHO CYOUms NO OOCMUNICEHUIO
MAKCUMATLHO20 3HAYEHUSI MOKA 8 OAHHOU MOYKe.

6. [loBropuTh U3MEPEHUs, OMKCAHHBIE B 7.5, Ha BcexX Jydax. [lomyueHHbie
sHaueHus l(r), I5(r), 14(r),... 3anucate B TabmuIy. 1.

7. BBIKIIOYUTH MCTOYHHUK IMOCTOSHHOTO TOKa. YOpaTh 30HI. U3meputh c
MIOMONIBI0 JIMHEWKN Paguychl BHYTPEHHETO [, U HAPYXHOIrO I, 3JIEKTPOJOB U
3amKcaTh 3HadeHHs Ry

O06paboTKa Pe3yJIbTATOB U U3MEPEHUM.

1. Berauciurs 3uavenus U, (U, = I,R,). ITo popmyre (3) oueHuts o

2. Paccuurars:

a) s Kaxmaoro 3Hadenus I (1,2,3,..cMm.) cpennee 3HadeHue Toka I(r) mo
hopmyne (7);

0) AKCIEPUMEHTAIILHOE 3HAYCHUE pa3HOCTH MOTEHIIUAJIOB
<U9Kcn(r)>=|<|(r)>|Rq

B) TEOPETHUYECKOE 3HAUCHNE PA3HOCTU NMOTEHIMANOB U,,,(I) 1O hopmyite (4).
3aHeCTH MOJyYEHHbIE pe3yabTaThl B TAOIUIY 1.

3. Paccumrate o popmysie (9) snauenue E,.,(r) mist r =2,3.4,...cm. 3anucathb
pe3yabTatr B Ta0IuIy 2.

4. Tlo ¢dopmyne (5) HaiiTm TeoperHueckoe 3HaYeHUE E,.,,(I) 11 Tex xe
3HAQYCHUH I', YTO W B 1.3, M TaK)K€ BHECTH UX B TaOIHIy 2.

5. Ilonb3ysce dannvimu maoauy 1 u 2 nocmpoums 2pagpuxu 3aBUCUMOCTHU
Eeop B Upeop OT I' 1 Ha 3TUX IpadUKaxX B Pa3HbIX 3HAYKAaX HAHECTH PE3YJIbTAThI
srcrepuMeHTa (E, ey Useen OT ).

6. OUEeHUTh CpellHee OTHOCUTEIBbHOE OTKJIOHEHHE  AKCHEPUMEHTAIbHBIX
JAHHBIX OT TEOPETHYECKHX KPHUBBIX (B % 110 OTHOIICHHIO K MaKCHMAaJIbHBIM
3Hauenusm U u E).

[Tpu mpoBeCHUM DKCIIEPUMEHTOB M0 MU3MEPCHHIO PaIHaIbHBIX TOKOB Uepe3
YBIQKHEHHBIA (HE CHUJIBHO) IECOK HEOOXOIMMO CIIEIUTh 3a TOCTOSHCTBOM
BBIXOJTHOTO HAIPSDKEHUS HMCTOYHWKA ToKa. [lo HEOOXOIMMOCTH €ro HYKHO
OTPETYJIUPOBATH C IIOMOIIIBIO PYUYEK PETYIUPOBAHMS HA HCTOYHUKE TOKA.

dopma opopmIteHNs TaOJIHIT PUBEICHA HUXKE.
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Taonuua 1
Toxk I(r) ) MKA U(r ) B
Pan Jlyun Cp. DKcrep.3H Teop.
uyc, CM TOK au. U(r) 3Haue
HUE
1 2 131415 <l(nN>4 <I(r)>R,
R1
Rz
Tabnuuya 2
Pamnyc R, cm. 1 2 3 4 5 6 7 8 9
Eoxen B/m
Ecop, B/M
LononnumenvHoe 3adanue: MPOIyMaTh BBIMOJHEHUE 3TOH pabOTHI s

IJI0CKOMAPAJUIENbHBIX WU APYTUX (HOPM JEKTPOJIOB.

1.
2.

3.

4.

Jlureparypa
C.I'. KanamaukoB. Dnektpuaectso. M.: Hayka. 2004. C.11- 63.
H.B. Cuyxun. O6mmii kypc ¢usuku. M.: Hayka, 1977. §§.5, 6, 18, 19,
40,41,46,47.
N.B. CapenneB. Kypc obment ¢usuku. M.: Hayka, 1977, T.2, §§ 5,8, 12-
14,31,32.
C.3. ®pum, A.B. Tumopesa. Kypc obmient ¢uszuku. M.:2007,T.2. ra. X1V.
§§ 120 -138.
Hacrosmiee yue6Hoe mocodue, yacts 1.§2. C.10, §§2,3. C.10, C.31.
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3adaua 2. U3YYEHUE 3AKOHA OMA JIJIS1 HENER
MOCTOSTHHOT'O TOKA U U3MEPEHUE DJIEKTPOABUKYLLEI
CUJIBI

Heab 3agaun: uzyyenue 3akona Oma JJisl y4acTKOB LI€MH, COACPKAIINUX U HE
conepxkamux JJIC, a Takxke 7151 3aMKHYTOH 1ETIH.

OmnpeneneHue BHYTPEHHETO CONPOTUBIICHUSI aMIIEPMETpA.

IpuHaNIe:KHOCTH  BBIPSIMUTETL TOCTOSIHHOTO ToKa Tuna BC-4,
aKKyMYJISITOpHas 6aTapesi, HOpMaJIbHBIN 3JIEMEHT, FaJJbBAHOMETP C HYJIEM B
CepeMHE IIKaJIbI, PEOCTAThI, PEOXOP/I.

CornacHo 3akoHy OMa OTHOIIEHWE PA3HOCTU MOTEHUUAIOB P ; — @, Ha

KOHIIaX TPOBOJHMKA (HAMpsDKEHHE) K cujie Toka | B 3TOM NIPOBOJHHMKE €CTh
BEJIMYMHA MOCTOSHHAS, HA3bIBAEMasl €0 DJIEKTPUUECKUM conpomuenenuem, R:
- U
(Dll%zlzconst:R , (]_)

Cootnomenue (1) HazpBaroT 3akoHOM OMa /171 ydacTKa Ienu.

bonee oOmuM, yeM pacCMOTPEHHBIN Cciydall SIBISIETCS Y4YacTOK IIENU C
conpoTtuBieHueM, coaepxkammm I/C (puc.l).

B stom ciydae BMecTo (1) iMeeT MecTo COOTHOIIICHHUE:

i‘l"RLz:((Pl_(Pz)i‘Sn‘, (2)

rae Ri, - compoTHBiIeHHE y4acTKa LENu MeXaAy Toukamu 1 u 2, paBHOE B
JAHHOM CJy4yae CyMM€ COINpOTHBJIEHHS pe3ucropa R U BHYTpEHHEro

conporusienus I ucrounnka JC - €, Ha yuactke 1-2

CootHomieHue (2) Ha3pIBatOT 3akoHOM OMa 1Sl ydacTka e,
coaepxartiero I/[C.

il
T
[ ]

Hocmowrux moxa

Puc.1.

[IpaBuna BeIOOpa 3HAKOB 3/1€CH CIETYIOIIHE:

MPEXJIe BCErO, BHIOMPAIOT MPOU3BOJIHHOE HAMPABICHHE 00X0Ja MCTOYHHKA
J/[C, naripumep, cieBa HarpaBo. Eciu ipu 3TOM HampaBiieHHe 00X0/1a COBITa1aeT
C HampaBJICHHMEM TOKa, TO cieBa B ¢opmyne (2) craBar 3Hak (+), u
COOTBETCTBeHHO, eciu ucTouHuk DJIC obxomsar (Buyrpu) ot "-" x "+", T0 3/C
oepyT co 3HaKoMm "+".
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Ecou ke HampaBieHHWe TOKa IPOTUBOIIOJIOKHOE HaIpaBICHUI0 00Xoja
ucroynuka IJ/[C cTaBST 3HAK (-) ¥, COOTBETCTBEHHO, €CIM HCTOYHUK BHYTPHU
ooxomaT ot "+" xk "-", To | u € GepyT co 3HaKOM "-".

Ecniu  nHampaBiaeHue  TOKa  HEU3BECTHO, TO  OHO  BBIOMpaeTcs
NPEANOIOKUTEIbHO. B 3TOM  ciydae, BBIYHCIEHHBIE TOKH  OKaXyTCs
MOJIOKUTENIbHBIMM, €CITA TPEAMNOJIONKEHNE OBbLIO BEPHBIM, B MPOTHBHOM Cllydae
BBIYMCJICHHBIE TOKU OKQXYTCSI OTPUIIATEIIHHBIMHU.

Ynpaxxnenue 1.

H3mepenue sHympenne2o conpomueienus amnepmempa.

B paborte npennaraercs U3MEpUTh BHYTPEHHEE COMTPOTUBJICHUE aMIIEPMETPOB
UCXOJIsl U3 BEpHOCTH 3akoHa OMa B MPOBOJAHUKAX MEPBOTO poja

[Tops 10K BBIIOJIHECHUS.

1. Cobepute 2EKTPUUECKYIO CXEMY, TPUBEICHHYIO Ha PUC.2.

n_n

— P—® = ]i[—é)—liﬂ

a) 6)

e =
K oy R

Puc.2.

OOpartute BHUMaHHUE, B YeM COCTOUT pa3iindyre cXeM Ha puc.2 a) u 0)!

2. CHayana o cxeMe a) U3MephTEe 3aBUCUMOCTh CUJIbI TOKA Yepe3 aMIIEpPMETP
OT Pa3HOCTH MOTEHUUANOB (MO MOKAa3aHUSAM ammepMmeTpa U BosbTMeTpa). lllar
WU3MEHEHUS HApsLKEHMs BBIOpATh MO MPEeAEIbHBIM BO3MOKHOCTSIM IPHOOPOB.

3. IToBTOpPUTH 3TH k€ U3MepeHust o cxeme 0) Ha puc.2. [loydeHHbIe JaHHBIE
3aHECTH B TaOJUIy | C y4ETOM €IMHON CUCTEMBI U3MEPEHHUIA.

4. Ha ogHO# 1 TOM e MUUIMMETPOBOM Oymare moctpoutsh rpaduku | or U
JJ1s1 000UX U3MEPEHUH.

5. Ilo nuneiino# 3aBucumoctu | or U (BhimosHeHune 3akoHa Owma) HalTH

Al 1

TAHT€HC yIJIa HaKJIOHA Uil 1 U 2 NTUHUH, tga = —.

AU R

tga, = — yu 19, =—). U3 s1ux BeIpakenuii Haiiaure Ry u R,. OueBHHO,
R, R, P

9TO Pa3sHOCTh R»-R1 M €CTh BHYTpEHHEE CONPOTUBIIEHUE aMIIEPMETPA, Ry

YnpaxHenue 2.
Uszmepernue snekmpoosudicyueti Cubl.
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Ecnu "oObr4HBIA" BONBTMETP (OTKJIIOHEHUE CTPEIIKH KOTOPOro 0O0YCIOBIEHO
TOKOM, MPOXOJISALINM IO MOABIKHOM crcTeMe mpubopa, HampumMep, Mo pamMKe WiIn
KaTyIIKe) TPUCOSANHNUTD K MOII0CaM

UCTOYHHMKA TOKA, TO JaXKe MPH A _, + B
Pa30MKHYTOM BHEIIHEH 1ienu (puc.3) ' | I_(A } R
MOKa3aHHUE BOJBTMETpPA HE OyJeT
paBHO J//C € MUCTOYHHKA TOKA.

BosbT™MeTp yKa3bIBaeT TOJIBKO HA
pPa3HOCTh 74 -

Puc.3.
noTeHuuanoB &€ —P 4,Pp B TEX TOYKAX CXEMBI K KOTOPBIM IIPHCOCAWHECH

BOJBTMETP, B JIAaHHOM Cjydae IOIIOCOB A M B HWCTOYHMKA TOKa (IMaJCHUSIMU
MOTEHIIMAJIa B COCIMHEHHBIX MTPOBOAaX MpeHeOperaeM BBUIY UX MAJIOCTH):
Pa—@s = IRg, 3)
rae Rp - comporuBnenune BonbTMeTpa. [IpucoenuHenue BoJbTMETpPA K
MOJIF0CaM MCTOYHMKA CO3/1a€T 3aMKHYTYIO II€Ib, B KOTOPOU TE€YET TOK
Ha ocHoBanum 3akoHa OMa [1J1g ydacTKa e MOKHO HaIuCaTh:

¢p =G, =e—1r, (4)

rae Ir - majgeHWe MOTEHIMala B WCTOYHHMKE TOKa, I - €ro BHYTPCHHEE
COTIPOTHUBJICHHE.

N3 BeipakeHus (4) cieayeT, 4To MOKa3aHUusl BOJIbTMETpa (P 5 — ¢ , ) Bcerma

menblie I/[C ¢. Ilokazanue BosbTMETpa TeM Onuxe K I/[C, yeM MEHbIIe Culia
TOKa B IPUOOPE U COOTBETCTBEHHO Yepe3, HICTOYHUK TOKA. /{711 HE OYeHBb TOYHBIX
u3Mmepenuit DJIC MOXXHO HCHOJIB30BaTh BOJBTMETP C JOCTATOYHO OOJIBIIUM
conpoTuBieHueM Rg. J{ms 6Gonee Tounbix uamepenuit 3JC ¢ momoibio (4) HyKHO
U3MEpUTH ele U crty Toka lg. 310 ycnoxkuser npouecc uzmeperus I1C.
YnpaxHenue 3.
Hzmepenue IJ[C memooom komnencayuu.

Bo3moxen npyroi nyts uzmepenus 3/{C. N3 Boipaxenus (4) cieayer, 4to
J/[C ncTOYHHMKA TOKa paBHAa Pa3HOCTH IMOTCHITMAIOB €r0 IOJIFOCOB TOJBKO IPH
OTCYTCTBHUU TOKa B MCTOYHHKE. DTOTO MOXHO JOOWUTHCS, €CIIU TOK, CO31aBaCMBbIi
JAHHBIM ~ MCTOYHUKOM CKOMIICHCHPOBAaThH TOKOM, CO3/1aBacMbIM  JIPYTUM
HUCTOYHUKOM. DTa UJCS U PEaTu3yeTCsl B TaK Ha3bIBACMOM Memo0e KOMREHCAuuu
(cM. mpusoxeHue, 1m.2.)



90

Rq
S —
L =T g %
% ‘L»,L_:F‘// :
~
c

- 1,
A 7 B
L + - R .
= . | lslut = F .< In %
Puc.4.

KoMmneHcalMOHHBIA METOJ] U3MEPEHHS JIEKTPOJBHKYILEH CHUJIbI UCTOYHHKA
TOKAa MOXHO M3y4YUTh IIPU IMOMOIIM YCTAaHOBKH, CXeMa KOTOpoil JaHa Ha puc.4. Ha
9TOM PHUCYHKE & - HCTOYHHK MOCTOSHHOTO HAIpsOKEHUS (BBIIPSIMHUTENb WU
aKKyMyJsTop Ha 5 — 6 B), & - HccleqyeMblii TalbBAaHMYECKUN 3JIEMEHT WU
AJIEMEHTBI, AB - peoxopll ¢ JMHEWKOW M ToJABMXHBIM KoHTakToM D..C, G -
raJlbBaHOMETp C HyJIeM IO cepenHe, R - conpotusienue mopsiaka 10° Om, Ki, K,
- kiroun. CTOUHNKHN & U & (WK &) BKIIOYEHBI HABCTPEUY JPYT JIPYTy, NPUUYEM
& 1>]& |-

3ambIkast KpaTkoBpeMeHHO Kty K u K5, nepemeniasi IBUKOK IO PEOXOpay
AB, MOXXHO HallTH Takoe ero mnosioxeHue C, TPy KOTOPOM TOKa B TaJIbBAHOMETPE
He Oynmer. MoXHO MOKa3aTh, MOJb3YysCh MpaBuiamu Kupxrodda, uro B 3TOM
CJly4ae CIpaBeIIMBO CIEAYIOLIEE COOTHOIICHHE:

Rac
R + 1o ®)
AB T 1o
dopmyna (5) HeynoOHa misa HaxoxaeHus I/[C, Tak kak TpeOyeT 3HaHUS I,
DTy TPYAHOCTH OOXOJAT CIICAYIOMKUM 00pa3oM. Eciii HCTOYHUK 3aMEHUTH APYTUM

uctounukom ¢ I//C &, TO MpPU KOMIIEHCAIIMM JJisi HEero OyAeT CHpaBeIuBO,
aHajoruyHoe (4) COOTHOIIEHUE:

8x =80

. RAC/
€, =& —R ) (6)
a8 1
KommeHcamust B 3TOM ciydae HacTyIMaeT MPH IPYroM IMOJIOKEHUH JBUXKKA -
C’. 13 (5) u (6) nonyuaem
Ry _ e i
n R — “n ] (7)
AC 1
31ech yYTeHO, YTO BCIIEICTBHE OJHOPOIAHOCTH CTPYHBI AB, COMPOTUBICHUS
vacteit AC u AD nponopunoHainbHbl | u |;.
Bo u30exaHue ommOOK MpU U3MEPEHUU CIICAYET y4ecTh, uTo JuHb | u |y,
OTCYHTBHIBAIOT OT TOYKH A, KOTOpas Ha CXeMe SBISCTCS OOIIed TOYKOW

OJHOMMCHHBIX ITOJIFOCOB HCTOYHUKOB £ U &.

€E=¢€
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B pabote B kauecTBe UCTOUHHUKA &, OepeTcsi HOpMaJIbHBIN 351eMeHT BecToHa,
IJJ[C & KOTOPOrO OYEHb CTAOWJIbHA W M3BECTHA C BBICOKOW TOYHOCTBIO (& =
1,01853 B).

Hopmanvnvii anemenm Becmona - 310 3tanon DJC. IlpumeHnsercs TOJIbKO
JUIS TPAIyUPOBKU COOTBETCTBYIOIIEH M3MEPUTEILHON YCTAHOBKH. MakcuMalibHas
JOMYCTUMasi Cuja TOKa B HOPMAJIbHOM D3JIEMEHTE Maja — BCEro HECKOJIBKO
MuKpoamiiep. [103ToMmy HOpManbHBII 3JIEMEHT MOYKHO MCIOJIB30BaTh TOJBKO MPHU
YCIIOBUH 3aIIUTBI €T0 OT MEperpys3Ky ConpoTuBiIeHneM nopsiaka 10° —10° Owm.

[Topsi10K BBIMOJTHEHUS paOOThI

1. Cobepure cxeMy YCTaHOBKH COIJIACHO PHUCYHKY 4, B3sIB B KauecTBE
ucroyHuka IJ/[/C HOpMAIBHBINA 3JIEMEHT. 3areM u3MepuTh J/C KakIoro u3 IByX
IPEJIOKEHHBIX HCTOYHUKOB (& U &). g 3TOro B cXxeMmy KOMIIEHCALlUU B
KadyecTBe HCTOYHMKA J/[C BKIIOYUTE HCCIECAYEMBIM JJIEMEHT &; PpE3YyJIbTAThl
WU3MEPEHUI U BBIUMCICHUN 3amumuTe B Ta0auiy 2. B kaxaoMm ciydae nomyyaiTe
COCTOSIHHE KOMIIEHCALlUKM HE MeHee 4 - 5 pas.

2. Onuenure norpemnHocts namepenus I/[C.

3. Usmepbre ananormuHbiM oOpa3zom JI//C Oarapew, COCTaBICHHOW U3
IIOCJIEIOBATEIbHO COCAMHEHHBIX MCTOYHUKOB & W €. Pe3ynbTaThl M3MEpEHHN U
BBIYMCIICHUN 3alUIINTE B TAOIUILY.

4. CpaBHUTE pE3yNbTAThI C PE3YJIbTATAMU YIIPAKHEHHUS 2.

Dopma oghopmnenus madauy.

Tabmauma 1
U, B |, A 1goy 1ga; Rl R2 RaMnep:RZ'Rl
TabOmuma 2
VYmp. 2 KomneHcaunoHHbIN € -¢1, B
€, B METOH, &, B
Jluteparypa

Kanamuukos C.I'. DnextpuuectBo. M., 1977. rn.7.

Cuyxun JI.B. O6muii kypc dusuku. M., 1977. T.3, Ne 43,45,96.

CasenbeB M.B. Kypc o6meit pusuku. M., 1978. T.2, Ne 33,35,37.

Opum 2.C., TumopeBa A.B. Kypc o6mieit ¢puszuku. M.: 2007. T.2. §§ 158,
164, 167. C.135, 155, 167.

5. Hacrosmee nocodue §7. C.51. [Ipunoxkenue 1 (KOMIEHCAITMOHHBIA METOI).

P
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3aoaua 3. TOK B BAKYYME. BOJIbTAMIIEPHASA
XAPAKTEPUCTHUKA BAKYYMHOI'O IMOJA

Hear 3agaum: lccnenoBaHue BOJBTAMIIEPHOM XapaKTEPUCTUKHU, TOKA
TEPMOZJIEKTPOHHOM 3MHUCCUU BAKYYMHOT'O IO, ONPEAEICHHE YAEIBHOrO 3apsaa
AJIEKTPOHA U KOHTAKTHOM Pa3HOCTH MOTEHLIUAJIOB.

IIpunagnexnocTu: Bakyymusiil nuoa (paanonamna tuna 212C), uctouyHuk
TOKa - BeIIpAMUTENB Ha 250 — 300 B, MHOrONpenenbHbIii MUKPOAMIIEPBOJIBTMETD,
peoctatel Ha 10 Om, u 10% Om, amriepMeTp Ha 1.5 A, BoIIbTMETD.

Bakyym (oT jaT. vacuum — MmycTOTa) — COCTOSHHE Ta3a IpH JIaBICHUU
MeHbIlIe arMocdepHoro. OCTaTOUYHBINA Ta3 B JIaMIIE HE MPOBOAUT DJICKTPUUCCKUN
TOK. [l BO3HMKHOBEHHSI TOKAa B TaKOW Cpele HYXEH HCTOYHHUK CBOOOIHBIX
HOCUTEJIEH 3apsila — dJJEKTPOB. B BaKyyMHBIX JlaMIiax B KayeCTBE HCTOUYHHKA
AIIEKTPOHOB UCIIOIB3YIOT

HarpeBaeMblii BJEKTPOJ — KaTo..

BakyyMHblii auon  (OBa  2JEKTpoa) Brtr‘—l
NpEACTaBIAeT  COOOW  CTEKJISIHHBIN = K
0aJJIOH, U3 KOTOPOTO BBIKAYaH BO3AYX
10 naenenus mopsgka 10° mm.pr.cr., B ' \V
KOTOPBIN BIASHBI ' \’_’/
[slsalanloh
&

Puc.1.

nBa 3aekTponaa: karoa - K v anoj — A, BBITIOJIHEHHBIN U3 MeTajia OOBIYHO B
dbopme mumuHApa (cM. puc.l). B aneKkTpudeckoi e Kamoo ouooa coeouHsom
C OMPUUAMENbHBIM, & AHOO — C NOAOHCUMETbHBIM ROJIOCAMU UCHOYHUKA
moka.

[Ipr O0OBIYHBIX TeMIepaTypax, HMEIOIIUMECS B MeETaule CBOOOJHBIC
AJIEKTPOHBI YAEPKUBAIOTCS BHYTPH MeETaula. JTO O3HAYaeT, YTO Ha TpaHUIIE
METaJUI-BaKyyM CYIIECTBYET IMOTEHIUAIBHBIN Oapbep, MEMIAIOIINi 3JICKTPOHAM
MOKKIaTh MeTaul. Hamuuwe 3Toro Gapbepa OOBSACHSAETCS TEM, YTO IPH BBIXOJE
AJICKTPOHOB B BaKyyM Ha HUX JICHCTBYIOT CHJIbI DJIEKTPUUYECKOTO MPUTSIKEHUSI CO
CTOPOHBI MeTallla, B KOTOPOM OJyarojaps BBIXOIY JJICKTPOHA IPOHU3OIILIO
nepepacrpezenceHue cBoOOAHBIX 3apsnoB. [loa melicTBUEM 3THX CHII, DJIEKTPOH,
CCJIM €r0 KMHETHUYECKasl YHEPTUs HEeJ0CTaTOYHa, BO3BpamacTcs B Metal. Kpome
TOTO, DJICKTPOHBI, BPEMEHHO BBIMICAIINEC M3 METala B BAaKyyM, CO3/IAlOT HaJ
KaToJOM DJIEKTPUYECKOE IoJIe (ompuyamenvHblil NpOCMPAHCMEEHHbIL 3apsio),
TaK)Ke MPENATCTBYIONIEE JATbHEUIIIEMY BbIXOY SJI€KTPOHOB U3 METAJLIA.

Taxum obpaszom, s3nekmpuyeckoe noe, Oelicmgyrujee Ha Kaxcowvlli 31eKmpoH
8blUeOWULl U3 INeKmMpoOod, CKIA0bleaemcsi U3 GHeuHe20 Nojis, €030a8aemMo20
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PA3HOCMbIO  NOMEHYUA08 MeHCcO) INeKmpooamu  (Kamoo-arHoo), u nois,
€030a6aemozo scemu 8blUeOUUMU 91eKMPOHAMU, obpasyrowumu
NPOCMPAHCMBEHHbIU 3aPs0 HAO KAMOOOM.

B pesymbrate, mpu Manblx pa3sHOCTSX MOTCHIIMAIOB MEXIY aHOIOM U
KaToZI0M (aHOJHOE HANPsDKEHHE), U3-3a MPOCTPAHCTBEHHOTO 3apsija, aHOIHBIN TOK
l,, OOyCIIOBICHHBI BBIXOJOM 3JICKTPOHOB W3 Karoma (omuccus SIEKTPOHOB),
MOKET OBITh 3HAYUTEIHHO MEHBIIE 0KHIAEMOTO 3HAUYCHHUS. ITOT TOK MOCTEIICHHO
YBEIMYHUBACTCS MPHU TOBBIIIICHUN aHOJIHOTO HAMPSDKCHUS. Y BEIHMYCHHE aHOIHOTO
TOKa MPU MaJIbIX aHOJHBIX HANPSDKEHHSIX CBS3aHO C TEM, YTO aHOJ MPUTATUBAET
AJIEKTPOHBI U3 00JIACTU IPOCTPAHCTBEHHOTO 3apsi/ia BOIM3U KaToa.

Ecnu Hakanuth KaToa JamMmbl MU TOCTENEHHO YBEIWYMBATH aHOJHOE
HaMpspDKEHUE, AaHOJHBIM TOK OyJeT yBEJIMYMBATBhCS, IIOKA HE JOCTUTHET
HachklleHus. HacelllieHne aHoJHOTO TOKA HACTYMaeT TOT/a, KOT/ia BCE JIEKTPOHBI,
UCITyCKaeMble KaTOJOM B EIUHUILYy BPEMEHH, MOMaJal0T Ha aHoj, T.€. IpHU
JTaTbHEHIIEM YBEIIMUEHWH aHOAHOTO HANPSDKCHHsI aHOJIHBIM TOK YK€ HE MOXKET
yBeIMUMBaThCSA. HarpeBanme cmocoOCTBYeT BBIXOMY dSJCKTPOHOB M3 Karoja —
TEPMODJICKTPOHHAST AMHUCCUA. TakuMm oO0pa3oM, BeIWYMHA TOKA HACBIIICHUS
ONPEAEIACTCS TEPMOIICKTPOHHOW 3MHUCCUEH DJIJIEKTPOHOB U3 Karoaa. Illpum
YBEIMYCHUM TOKa HakKajga, a CJIeJOBaTeIIbHO, W TEMIEpaTyphl Karoja, TOK
HaceimeHus Bo3pactaeT (11<l,<l; nmpu T;<T,<T3).

['paduxk BOJIBTAMIIEPHOM
xapakrepuctuku (BAX) mis BakyymMHOTO
JMO/Ia, TIPU Pa3HBIX TeMIepaTypax Hakala
KaToja, IpuBEcHA Ha pucC. 2.

Teopernueckoe paccMOTpeHue
3aBUCUMOCTH aHOJHOTO TOKa |, oT

i

Puc.2.

BEJIMYMHBI aHOJAHOTO HanpspkeHus: U, B BAKYYMHOM JIMOJE HHUXKE BBINOJIHEHO
MIPHU CICAYIOMINX TOMYIICHUSX:

1) HavaJbHBIE CKOPOCTH AJIEKTPOHOB, ASMUTHPYEMBIX KaTOJOM, HACTOJIBKO
MaJibl, YTO MOYKHO CUMTaTh UX PaBHBIMH HYJIO (IIPU aHOJHBIX HAIPSHKEHUSIX B
JECATKH BOJIBT ATO JOIMYIIEHHE ONPaB/IaHo);

2) aHOJIHBIN TOK JlaJieK OT HACHIIIEHUSI;

3) mpOCTpPaHCTBEHHBIN 3apsij CO3/aeT TaKoe pachpelereHue MOTeHIrana
HETMOCPEACTBEHHO Y MOBEPXHOCTU KATOJ1a, HAMPSKEHHOCTh 3JIEKTPUUYECKOTO MOJIs
KOTOpPOrO paBHA HYJIO JaeT s 3aBucuMocTtu |, ot U, (mns «cpennei dactu»
BAX) BeIpaxkeHue:
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3

_ 2
I,=K-U" W
rne K — xo>dduuuentT, 3aBucaAmmii or (OpMBI M Pa3MEPOB DIEKTPOJIOB,
3apsja M Macchl DJEKTPOHA; €/M -  yJenbHBIM 3apsa;  dIeKTpoHa  (

Kn
r?]=f|--176 10" E); r. - paauyc anona; | - mmHa katoma; [ - kKod(hQHUIHMEHT,

3aBUCAIIMNA OT OTHOIICHUS PaJNyCOB aHO/Aa M Karoja (IpHU OTHOIIEHUH PaJnyCOB
ra/r, 6ombire 10 - £ OIHU30K K SAUHUIIE).
B citydae K0aKCHaIbHBIX [IMINHAPUIECKHUX JIEKTPOIOB

802[ efm-1fr,p. @)

Bripaxkxenne (1) Ha3BIBAIOT 3AKOHOM mpex 6mMOpPbIX WU YpPAGHeHUEeM
Bozycnasckozo-Jlenemwopa (BbiBoj ypaBHeHus borycinaBckoro - Jlenrmropa
JTAeTCs B IPUIIOKEHUU 4).

PaBeHcTBO (2) MO3BOISET pacCUUTATh YACIBHBIN 3apsij] AJICKTPOHA!

©=[orpk/22e,] 3)

K_

Ha npaxTuke HaOmroqaeTcsi OTKIIOHEHHE OT 3aKOHa TpeX BTOopbiX. Hambonee
CYIIIECTBEHHBIMU (haKTOpamMH, MPUBOISAIIMMH K OTKJIOHEHHMSIM OT 3aKOHa Tpex
BTOPBIX, SBJISIIOTCS:

1) HanuuMe HAYaIbHBIX CKOPOCTEN B3JEKTPOHOB, SMUTHPOBAHHBIX KaTOAOM
(U3-3a 3TOrO U3MEHAETCS XapaKTep pacipeeieHusl MOTeHIHala MEX/1y KaToJIOM U
aHOJIOM);

2) BAMSIHUE KOHTAKTHOW Pa3HOCTH MOTEHLHMAJIOB MEXAY KaTOJOM M aHOJO0M
(3TO BIMsIHME HAMOOJIEee 3aMETHO MTPU MAJIbIX aHOAHBIX HAPSHKEHUSIX );

3) HE’KBUIOTEHIMAIBHOCTh KaToja. B ciydae KatogoB NpsSMOro Hakaia
NOTEHIIMAJl HUTW HE TOCTOSHEH W PA3HOCTh IMOTEHLHMAJIOB MEXIYy aHOAOM U
pa3IUYHBIMUA YYaCTKAMU KaToJa OKa3bIBAE€TCS Pa3HOM;

4) acuMMETpHsI CUCTEMBI 3JIEKTPOJOB, M3-3a HEKOAKCHAJIIBHOCTH Karoda U
aHo/a;

5) Hanuyue OCTaTOYHOTrO Tra3za B Jjamne. [3-3a 3TOro mnpu A0CTaTOYHO
BBICOKMX aHOJHBIX HAMPSIKEHUAX MPOUCXOAUT MOHU3AIMUA T'a3a — MOJIOKUTEIbHbIC
WOHBl HEUTPAIM3YIOT ACHCTBUE OTPULATEIBHOIO MPOCTPAHCTBEHHOTO 3apslaa M
aHOJHBIA TOK BO3PACTaeT 3HAYUTENIbHO OBICTpEe, YeM CJeIyeT U3 3aKOHa Tpex
BTOPBIX.

Kpome TOro, mpu CHATHUM BOJBTAMIIEPHBIX XapaKTEPUCTHUK BaKyyMHOTO
JMO/Ia TPU PA3JIUYHBIX TOKaX HaKalla MOJy4aeTcsl CEMEWCTBO XapaKTEpPUCTHK,
HECKOJIbKO PA3JIMYHBIX JaKe MPU HU3KUX aHOAHBIX HAMPSXKEHUAX. JTO CBS3AHO C
TEM, YTO TMpU U3MEHEHUM TEeMIIepaTypbl KaToJa KOHTaKTHas pa3HOCTb
NOTEHIIMAJIOB MEXJy KaTOAOM M aHOJOM M HadalbHbIE CKOPOCTH 3JIEKTPOHOB
U3MEHSIOTCS.
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[Ipu GonbliKX MOTEHIMANAX HAOIIOJAETCS OTKJIOHEHHUE AaHOJHOTO TOKa OT
3aKOHA TPEX BTOPHIX. AHOAHBIA TOK MEPEXOIUT B TOK HACBHIIMICHUS, YTO OYEBUTHO
OyZeT o3Ha4yaTh, 9TO BCE TEPMOIMHUTHPOBAHHBIE M3 KaTOJA AIEKTPOHBI JOXOIAT 110
aHona. BemnumHa Toka HACHIIIEHUS 3aBUCUT OT TEMIIEPATyphl (CM. puc. 2).

Ynpa:xuenue 1.

CHamue 601bmamnepHol Xapaxkmepucmuku 8aKyymMHo2o ouooa u
onpeodenenue y0eibH020 3aps0a INeKmMpPOoHd.

Cxema yCTaHOBKH JIJIsl TPOBEJCHUSI U3MEPEHUI MpeicTaBIeHa Ha pucC.3.

B 3agade ucnonb3yeTcss OJMH W3 TUIOB BakyyMHoro nuoaa tuma 2I12C-
jJamna ¢ MOJOTPEBHBIM OKCHUIHBIM KaToAoM. OKCHUIHBIM KaTOJ OTIMYAETCS TOU
OCOOEHHOCTBIO, UTO Y HETO HE HAOJIOAACTCS PE3KO BBHIPAXKEHHOTO HACHIIICHUS
aHOJIHOTO TOKa, KaK y KaTOJOB M3 YUCTHIX META/NIOB. AHOJIHOE HAINpsDKEHUE Ha
JamMIy TOJAeTCs OT BBIIPSAMUTENS. BenuunHa HaNpsKeHUS Peryaupyercs
MOTEHIIMOMETPOM U U3MEPSETCS] BOJTLTMETPOM. AHOJHBINA TOK JIAMITbI U3MEPSIETCS
MUJUTHAMIIEPMETPOM. TOK Hakajga peTyIupyeTcs peocTaToM U H3MEpSIeTCs
amMIIepMeTPOM.

_n

mA A
. _/ 7T
HII R RLR2C

Puc.3. DnekTpuueckas cxema st cHATHS BAX BakyyMHOTo 11o0/a.

HMannsie pagunonamisl tuna 2112C: nouHa xkatoma | = 0.9 cm, pagnyc aHona
r,= 0.95 cm, OTHOIIIEHHE PaTWyCOB aHOAA W KaToaa nmpubiusutensHo paBHo 10,
tak yto = 0.98.

[ BRINOJTHEHUSI YIIPAXKHCHMS:

1) cobepute cxemy uisl NPOBEACHUS U3MEPEHUI COTJIACHO pHUC.3;

2) U3y4YuTe 3aBUCUMOCTh QaHOJHOTO TOKAa OT aHOJIHOT'O HAMPSHKEHUS, U3MEHSIS
ero oT 0 1o 300B npu pa3numyHbIX TOKax Hakaia (Hampumep, ot 1.,4; 1,5; 1,6; 1,7;
1,75 A), noctpoiiTe COOTBETCTBYIOIIUE BOJIbTAMIIEPHBIE XaPAKTEPUCTHUKY;

3) mocrtpoiiTe TpaduKM 3aBHCMMOCTH aHOJHOTO TOKa OT aHOJJHOTO
HalpsOKCHUST B CTENCHH TPH BTOPBIX; IPH TIOCTPOSHHHM JTOTO Tpaduka
PEKOMEHAYETCSl HUCIOJIb30BaTh ASKCIEPUMEHTAJIbHbIC JIaHHBIC, OTHOCAILIUECS K
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MEHBIIIUM TeMIleparypaMm KaToja (HO B 00JIacTH, IJie 3aKOH TPEX BTOPBIX €Ile
BBITIOJTHSIETCS);

4) ompenenuTe yrioBoi KOd(DPHUITUEHT, MOTyUYEHHON MPSIMONU U PACCUUTANTE
10 HEMY BEJIMYUHY YACIBHOTO 3apsiia nekTpona B CU, ucnonsiys hopmyiy (4).

YupaxHenue 2.

H3yuenue pacnpedenenus mepmodieKmpoHo8 no CKOpPOCMAM U onpeoenenue

KOHMAKMHOU pa3HOCMU NOMEHYUATO08.

Jis  u3ydeHus pacmpefesieHuss TEPMODJIEKTPOHOB IO CKOPOCTSIM B
HACTOSIIEH paboTe UCIIONIB3YETCs] METO/ 3aJIep>KUBAIONIEro noteHnuana. Ero cyth
3aKJII0YAeTCsl B TOM, UTO €CJIM Ha aHOJl BAKYYMHOM JIaMIIbl C HAKAJIEHHBIM KaTOJIOM
Mo/JaBaTh  OTPHUIIATEIBHOE  HANpsIKEHUE,  MPEMSTCTBYIOUIEE  IMOMAaJaHUI0
AJIEKTPOHOB Ha aHOJ, TO MOMajaTh Ha aHOJ OYAYT JHIIb T€ DJIEKTPOHBI, SHEPTHUS
KOTOPBIX 00JIbIlle pabOThl CHIT JEKTPUUECKOTO MOJIsi. I3Mepsisi aHOIHBIN TOK MPHU
U3MEHEHUW BEJIMYMHBI OTPUIATEIBLHOTO AaHOJHOTO HANpPsDKEHHS, MOKHO
HETMOCPEACTBEHHO HCCIIEIOBATh PACIPEICICHHs] TEPMOAJICKTPOHOB IO SHEPTHSIM
WJIM TI0 CKOPOCTSIM.

Pacyer pacmpeneneHuss TEPMODJIEKTPOHOB IO CKOPOCTSIM  COTJIACHO
KJIACCUYECKON CTATUCTUKE MMPUBOINT K BHIPAKEHHUIO:

eU
I1=1, exp(— —j : (5)

kT
rae lo - cuima Toka mpu HYJIEBOM Pa3HOCTH MOTEHIMAIOB MEXIY KaTOJOM U
anomom, U — BenMuYMHA ~ OTPHLATEIBHOTO  AHOJHOTO  HANPSIKCHUSL.

DKCNEepUMEHTAIIbHYIO POBEPKY (GopMyIibl (5) yI0OHO OCYIIECTBUTH MIOCTPOCHUEM
rpaduka 3aBucuMoctd Lnl oT BenuuMHBI aHOAHOTO HANpPsLKEHUS. DTOT Trpaduk

ABJIAETCA NPAMOM TMHUEH, yriIoBoil K03 dHUIMEHT KoTopoii pasen Ja = —

kT
Lnl =const — iU
KT (6)
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Omnpenenus YTJIOBOM ﬂ\ 1nI
KOPOUIIMEHT  MpsAMOM,  MOXKHO Il

paccunuTaTh TEMIIEPATYDPY, : /

COOTBETCTBYIOILYIO COCTOSIHUIO
AIEKTPOHHOTO rasa. OmnepIT
MOKA3bIBAET, 4TO npu /
TEPMOIJIEKTPOHHOU AMUCCUU &V
AIIEKTPOHHBIN T'a3 HAXOAUTCS /
J/ e
»
+

PHC.4.

B TEIUIOBOM pPAaBHOBECHU C KaTOAOM, TaK YTO TEM CaMbIM ONpeesseTcs
TeMriepatypa karoga. Kpome Toro, ecim yyecTb, YTO aHOA M KaTOJ JamIlbl
CAEJIaHbl M3 pa3HbIX MAaTEPUAIOB, TO MEXJIy HUMHU HMEETCA KOHMAKMHAA
PA3HOCHb NOMEHYUAN06, U3MEHSIOIAACS TIPU U3MEHEHUH TeMIIepaTypbl KaTtoja.
KoHTakTHass  pa3HOCTh  NOTEHIMAIOB  alreOpauvyeckd  CKJIaAbIBACTCA  C
NPWIOKEHHBIM W3BHE HAINPSIKEHUEM. 3HAK W BEJIMYMHY €€ MOXKHO ONpEETUTh
HEIMOCPEICTBEHHO MO rpaukaM, MOCTPOEHHBIM B COOTBETCTBUM C (opmMynou (6).
Ha puc.4 nokazan npumepHsiid rpaduk 3aBucumoctH Inl ot U, utoctpupyroriast
OnpezieNICHNe KOHTAKTHOM pPa3HOCTH MOTEHIMAIOB AV MeXIy aHOJJIOM U KaTOJ0M
OyTeM OJKcTpamojsiuuu oOeux dacted rpaduka NOpSIMBIMH JIMHUAMH 10
nepecedeHrsi MeXay COOON. YYacTOK HpsIMOM MEXIy OChIO OPAMHAT M TOYKOMN
NIEPECEUEHHSI COOTBETCTBYET KOHTAKTHOM pa3HOCTH MTOTEHIMAA.

[Tocne onpeneneHuss KOHTAKTHOW Pa3HOCTH MOTEHIMAIOB MOXHO IOCTPOUTH
rpauK 3aBHCHUMOCTH aHOJHOTO TOKAa OT BEJIMYMHBI OTPHUIATEIBHOTO aHOJHOTO
HanpspkeHus. Takoil rpaduk TOKa3bpIBaeT, Kakoe YHUCIO 3JEKTPOHOB 00Jaaaer
DHEPrusiMH,  OOJBIIMMU  ONpPENEICHHOM  BEJIMYMHBI,  COOTBETCTBYIOIEH
3aJIep KUBAIOILIEMY aHOJHOMY HANpPSDKEHUIO (pedyb WAET HE O TOJHOM >HEepruu
AJIIEKTPOHOB, @ 00 PHEPruH, CBSI3aHHON C JBMXKEHHUEM €ro OT KaToJa K aHO#dy).
3aoepoicusarowuii nomeHyuan onpeoensemcs IKCMmpanoaayuel npsamMou TuHUY Ha
puc.4 6 mouke ee nepeceuenus ¢ ocvio abcyucc. OT BEIIMYUHBI 33/1€PKUBAIOIIETO
HalpsDKEHUsT JIETKO IIEPEUTH K COOTBETCTBYIOLIEH COCTABISAIOLIEH CKOPOCTH
AJIEKTPOHOB, BOCIOJIb30BaBIINCH U3BECTHBIM COOTHOIIEHUEM

mo?

—2 =eU . )

VYnpakxHeHUE BBINOJIHSAETCS HA YCTAHOBKE, IIPUBEICHHOW Ha puc.3. [ns ero
BBIIIOJIHEHNA ~ AHOJHBIA  TOK  JIaMIIbl  M3MEPSAETCS  MHOTOINPEIEIbHBIM
MUKpPOaMIIEPMETPOM, TaK KaK BEJIMYMHA TOKA M3MEHSAETCA B LIMPOKHUX IMpeaenax.
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Takoil MukpoamiepMmerp 00JaacT 3aMETHBIM BHYTPEHHHUM CONPOTHBIICHUEM.
[ToaTOMy mpH pacueTe BEIMYUHBI OTPULATEIBHOIO HAPSHKEHUS HA AHOJE JIAMITBI
CIIEyET YYUTHIBATh NAaJCHUE HANPSHKEHUSI HA MUKPOAMIIEPMETPE, BBIUUTAS €0 U3
NOKa3aHWil BOJIBTMETPAa. BHyTpeHHEE CONPOTUBIEHUE MHUKpPOAMIEPMETPA,
pa3IMyYHOE MPH Pa3HBIX Mpeesiax U3MEPEHUs, YKa3bIBaeTCs Ha Mpudope (B IPYyrux
CllydasiX yKa3blBae€TCSd NAJCHUE HAINpSHKEHUsT Ha OpUOOpe MpU OTKIOHEHHH
CTpPEJIKH).

Tok Hakana Karoga peryjaupyercs peocTaToM U U3MEPSAETCS AMIIEPMETPOM.

JUJ1s BBINOJTHEHUS YIIPAYKHEHUS:

1) cobGepure cxemy TS IPOBEICHHUS U3MEPEHHUI aHOHOTO TOKA OT aHOJIHOTO
HaIpsDKEHUs, corsacHo puc.3. Ilpu 3TOM HYXHO HW3MEHUTH IOJISIPHOCTh
NOTEHIMAJIA HAa aHOAE U KaToje. VI3MeHeHue NOJIIPHOCTH aHOJHOTO HAIpPSLKCHUS
OCYLIECTBIISIETCS. MEPEKIIOYEHUEM IIPOBOJIOB, COCAUHSIOMIMX KaTOJd JaMIbl M
MUKpPOAMIIEPMETP C BOIBTMETPOM;

2) WM3y4HTE 3aBUCHMOCTH aHOJHOTO TOKa OT 3aJICP>KUBAIOIIECTO HANPSHKCHUS,
u3mensst U ot -1,0 no +1,50 B, nipu paznuuHbIX TOkax Hakana (Hamnpumep, 1,4; 1,5;
1,6; 2,0 A);

3) Mo MOJMYYCHHBIM JaHHBIM MocTpolTe Tpaduk 3aBucumoctu Inl ot U;
OINPEIENNTE MO0 HUM BEJIMYHMHY U 3HAK KOHTAKTHON Pa3HOCTH NOTEHIIMAIOB MEXKIY
KAaTOJOM M aHOJOM IIPU YKa3aHHbBIX BBIIIE TOKAX HAKaja;

4) paccuuTaiite 1o TpaduKaM 3HAUCHHE TEMIEepaTypbl KaToaa (10 TAaHTeHCY
yriia HakioHa (tga = g/KT);

5) mocTpoiite rpaduKkd 3aBHCHUMOCTH OTHOCHTEIBHOTO YHCJA 3JICKTPOHOB,
MMEIOIINX CKOPOCTH (B HApPaBJICHUH OT KAaTOAa K aHOJy) OoJiblle ONpeaesieHHON
BeJIMUUHBI 110 hopmyiie (7).

Ynpaxxkuenue 3.
H3yuenue s6neHus mepmo3ieKmpoHHOU SIMUCCUU U OnpedeneHue pabombl
861X00a INEKMPOHA

UToOBI 3J€KTPOH MOT MOKHMHYTh METAJJI, OH JOJDKEH 00JagaTh HEKOTOPOH
SHEPTUEH (@, XapaKTEpHOM IS Ka)xJI0ro MeTajuia. BenumunHa JOMOJHUTEIbHOU
sHeprun (pasHocTb Wo,e—Wo,pmpu), KOTOPYIO HEOOXOAMMO COOOIIUTH Hamboiee
OBICTPBIM D3JIEKTpOHAM MpU a0COIIOTHOM HYJIE, YTOObl OHU MOIJIM TOKHWHYTh
MeTaT (IpU  COOTBETCTBYIOIIEM HANpaBICHWU HUX CKOPOCTH), Ha3bIBACTCs
paoomoit evixooa rnekmpona — (¢. BenuumHa pa®oThl BbIXOJA OIpPEACISIET
BBICOTY TOTEHIIMAIIBHOTO Oaphepa sl SJIEKTPOHOB HA TPaHUIE METAUI-BaAKyyM U
ABJISIETCA XapaKTepHOM sl Kaxaoro metamia. [Ipy MOBBIIEHWH TEMIIEPATYPHI
YBEIIMYUBAETCSI CKOPOCTh XaOTHUYECKOTO ABUKEHHS 3JIEKTPOHOB B Metamie. [lpu
ATOM YHCJIO JIEKTPOHOB, CIIOCOOHBIX MOKWHYTh METaJlI, PE3KO Bo3pactaeT. Pacuer
IUIOTHOCTH TOKA J, MPH TEPMODJICKTPOHHON SMUCCHH, B KOTOPOM HCIIOJIb3YETCS
KBaHTOBas cTtaTuctuka @epmu-Jlupaka, MpUBOIUT K BBIPAKEHUIO
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: 2 eop
Ju=AT eXP(— —) , (8)

kT
rne A - mocrosiHHas BenwuuHa, K - moctosHHas bBosbliMaHa. Bwipakenwue,
COOTBETCTBYIOIIIEE dbopmyie (8), HOCHUT Ha3BaHUE ypasHeHus

mepmodnekmponnou Imuccuu (hopmyna Puuapacona - Jlemmena). brnaromaps
HKCMOHEHIIUATFHOMY  MHOMHTENIO, IUIOTHOCTH  TEPMOAJIEKTPOHHOTO  TOKa
Ype3BBIYAITHO CHIJIBHO 3aBHUCHUT OT pPaOOTHl BBIXOJAa M TEMIEpaTyphl KaToja.
Jlorapudmupys ypaBHenue (8), moayyaem:

ln(jH/TZ)zconst—%-%. 9)

Takoit BUJ ypaBHEHHsSI TEPMOAJIEKTPOHHON IMUCCUU Hambojee yao0eH s
€ro JKCIEPUMEHTAIBHOM MPOBEPKU M ompenesieHus paboThl BbIxona. ['paduk

3aBUCUMOCTH Zn( jH/ T 2) or 1/T mo dopmyne (9) momywaercs mpsMasi JIMHUS,

yriaoBoi Ko3ddummeHT kotopod paBeH e@/k. OmnpenenuB €ro, pacCYUTHIBAIOT
paboTy BbIXOJIa. DTOT METO/ OTNpeeieHHs] paOOThI BBIXO/1a HA3bIBACTCS MEM000OM
Puuapocona.

J171s1 BBITIOJTHEHUS YIIPAKHEHUS HEOOXOAUMO:

1) cobparh cxemy Jis IPOBEACHUS U3MEPEHHIA, COTJIACHO PHC.3;

2) W3y4UTh 3aBUCHUMOCTH AaHOJHOTO TOKAa OT aHOJHOTO HAINPSOKCHHS IPH
Tokax Hakama 1,4; 1,5; 1,6; 1,75 A u mocTpouTh COOTBETCTBYIOIIUE Tpaduku,
WJUTFOCTPUPYIOITUE TIOTyYCHUE TOKA HACKHIIICHMS TIPH Pa3HbIX TOKAaX HaKaja;

3) moctpouts rpaduk 3asucumoctr IN(j/T?) or 1/T u paccunrars Mo Hemy
3HauYeHHE pabOTHI BBIXOJA AJIEKTPOHA M3 Karoja (JaHHBIC O TeMIlepaType KaToja
cienyeT OpaTh U3 yIpaKHEHHS 2).

Wcnone3yst 3HaueHus: ly, moilydeHHBIE B YNPAXHCHUH | TIPU pa3InIHBIX
3HAUCHMSIX TOKA HAKala, MOCTpoiiTe rpaduk 3asucumoctu Inly/T> ot 1/T. Ilo
rpaduKy, KaKk TaHT€HC yria HaKJIOHA COOTBETCTBYIOIICH MPSAMOMN, paccuuTanTe
3HaueHue pabOThI BHIXO/IA.

Jlureparypa
1. KanamnukoB C.I'. DnektpudectBo. M.: Hayka. 2004. C.11- 63.
2. Cuyxun JI.B. O6mmuii kypc ¢pusuku. M.: Hayka, 1977. C.101 — 159. §§.5,
6, 18, 19, 40,41,46,47.
CagenbeB 1.B. Kypc o6mieit puzuku. M.: Hayka, 1977. T.2. C.74—75.
Opum C.93., Tumopesa A.B. Kypc obuieit pusuku. M.:2007. T.2. rin. XV1. §
172. C.193.
5. Hacrosmee nocodue, yacts 1. §10. [Tpunoxenue 4.

B w
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3aoaua 4.
NU3YUYEHUE TOKA BT'A3AX. BOJIBbTAMIIEPHAS
XAPAKTEPUCTHUKA I'A30PA3PSA/THOU JTAMIIBI

Heab padoThbI: U3yYEHUE AJIEKTPUUYECKUX TOKOB B razax M 3HAKOMCTBO C
NPUHLIUINOM  pabOThl  ra3opa3psiAHOM  JIaMmbl B KauecTBE TIeHepaTopa
peIaKkCcalMOHHBIX KOJICOaHUM.

Ipunapiexnoctu: ucroyHuk nuranus 10 300 B, crabunutpon tuna CI,
BOJITMETP, aMIIEpPMETP, OCIIIIIOTpad, 3BYKOBOUM I'eHEpaTop, peocTaT, aMIIepMETP
U BOJIBTMETP.

['a3 B HOpMAJILHOM COCTOSTHUM HE MPOBOAMT 3JEKTPUUECKUN TOK. [[s1 Toro
4YTOOBI ra3 MPOBOJAWI 3JEKTPUUECKUA TOK B HEM HYKHO CO3/1aBaTb CBOOOJHBIC
HOCUTENH 3apsijia (37eKTpoHbI U HOHBI). [Iponecc co3nanns cBOOOJHBIX HOCUTENEH
3apsia B Tra3ax Ha3bplBalOT WOHU3AWUeN, a BHEIIHWNA AareHT, BBI3BIBAIOIINNA
MOHM3AINIO HA3bIBAIOT UOHU3AMOPOM. DIEMEHTAPHBIN aKT MOHU3AIUNA COCTOUT B
TOM, YTO B Ta3aX HEHTPATbHBIA aTOM WUJIM MOJIEKYJy MEPEBOIAT B MOHU3UPOBAHHOE
COCTOSIHHE, T.€. IPOIECC NOHU3AIMU CBSI3aH C 3aTpaTod ’Hepruu. [lpu sToM poib
BHEITHUX MOHU3aTOPOB MOTYT UTPATh:

1. ©OomOapaupoBKa Ta3a IMOTOKOM OBICTPO ABMXKYIIUXCS 3apsKEHHBIX
yacTull (HanpuMmep, o, J u3nydeHue);

2. OoMbapaupoBKa ra3a MOTOKOM 3apsDKEHHBIX YacTHI, YCKOPEHHBIX
AJIEKTPUYECKUM T10JIEM;

3. HarpeBaHue rasa;

4. XuMHUYECKas peaKilus;

5. ocBelIeHHE T'a3a CBETOM KOPOTKHUX BOJH, B TOM YHUCIJIE U PEHTTEHOBCKUM
U3ITyYCHHUEM;

6. IEeCTBUE KOCMUYECKUX JTyYECH.

B roHn30BaHHOM ra3e BCe MOHBI YYaCTBYIOT B TEIUIOBOM JIBMKEHUU MOJICKYI
raza. VOHBI TPOTHBOMONOXHBIX 3HAKOB paHO WM TIO3AHO HCIHBITHIBAIOT
CTOJKHOBEHHE U TPH OTOM HEUTpanm3yloT JApyr Jpyra. OTOT MPOIECC
MOCTOSTHHOTO ~ CAaMOYHHUYTOXKEHHS ~ HMOHOB  HA3bIBACTCS  peKOMOUHayueil
(Monuzauumsi). Takum o00pa3oM, B Tra3ax OJHOBPEMEHHO TPUCYTCTBYET JiBa
JUHAMHYECKHX Ipoliecca — HMOHM3auMs U pekoMmOuHanus. OOmiee ypaBHEHHE
JTUHAMHUKU 000MX MPOIeccOB (YpaBHEHUE HETIPEPHIBHOCTH) UMEET BH/T

dt ’ ()

dn

— 3
rac dt CKOpPOCTb HM3MCHCHHA 4YHCJIa YaCTHUI[ B ICM, g — CKOpPOCTb

3

reHepanuu (3apoKIeHusl) uuciia 4yacTull B lcm™ (ompeaensieTcss MOIIHOCTBIO
2 3

MOHU3aTOpa) U aN° — CKOpPOCTh pekoMOuHanuu B lcm”, o — KodhdUIIMEHT

pekoMOuHaIMu. B paBHOBECHOM COCTOSIHUM, OYE€BHIHO, YTO
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dn
dt

T.€. TEMII FT€HEpallui HOHOB PABHO TEMITY pEKOMOWHAIINU.

B »srnextpudeckomM moje B Trazax HaOJIOJAeTCs HANpPABJICHHOE IBUKEHUE
CBOOOJIHBIX 3apsi/IOB, T.€. B ra3ax MosipisieTcsa Tok. [losiBIeHue Toka B razax HOCUT
Ha3BaHHUE 2a306blil pa3pad. [lns Ta30B pa3inyarOT HECAMOCTOSITENbHBIA U
CaMOCTOSITENIbHBIN pa3psld. HecaMoCTOATENbHBIM HA3bIBAIOT pas3psill, KOTOPBIN
MpEKpaIlaeTcs Mociae NpeKpanieHus AeHcTBUS HoHM3aTopa. CaMOCTOSTENbHBIN —
TO KOIJa TOK B ra3zax MOJAEPKUBACTCS M TOCIE MNPEKpalleHUus IeWCTBUA
MOHU3aTOpAa, 3a CUET BHYTPEHHUX MPOLIECCOB.

JI1si HecamMOCTOSITENbHBIX Ta30BBIX Pa3psA/ioB 3aBHCHUMOCTb IJIOTHOCTH
TOKa OT HaNpsLKEHHOCTH ToJist E nmeet Bua
J=ne(9, +9)E, 2)

I1€ U — CKOPOCTh MOHOB, E — HaIpsKEHHOCTh MOJsS, N — YKCIO MOHOB B
eauHuIe o0beMa. 3aBUCUMOCTh TOKA OT HAMPSHKEHUS JJISl Ta30Pa3psAHON JIaMITBI
He mojuuHseTcs 3akoHy Oma U Xapakrepusyercs psajnoMm ocobenHocteit. [lpu
MaJjbIX HampsHDKEHUSX Jiamra He mpomnyckaeT Toka ("He roput'") BoBce. Tok B
JaMIl€ BO3HUKAET TOJBKO B TOM CJIy4dae, €CJIM Pa3HOCTh MOTEHIMAJIOB Ha €€
NEKTpoJax jgocturaet "Hampsokenus 3axuranus" U; [lpu »TomM ckaukom
yCTaHaBJIMBAETCAd KOHEUHas cuia Toka l|; W mpu JajmpHEHIeM yBEJIMYEHUU
HaIpsHDKEHUs BO3pAcTaeT MO 3aKOHy, OnM3KoMy K JnuHelHHomy. Ecnu tenepb
YMEHbIIIATh HANpPSHKEHUE Ha TOpslled jamIiie, TO MpU HampskeHu, paBHOM U
JamIia elle He racHeT, M CuJjla TOKa MPOoJ0JKAeT yMeHblIaThes. Jlammna nepecraer
IPOIMYCKAaTh TOK JHIIb Mpu "HampsokeHuu ramenus" U,, 4To CylliecTBEHHO
menbIne U;. Cuia Toka mpu 3ToM cKadkoM majaeT ot 3HaueHus |, (I, < ;) no nyns
KaKk »93TO BHUJHO U3 puc.l, Trae TmnpuBeAcHAa TUMNUYHAS BOJbTaAMIIEpPHAas
XapaKTepUCTHKA HECAMOCTOSTENILHOTO Ta30BOI0 pa3psiia.

Y peallbHOU JaMIlbl 3aBUCHUMOCTh I 4
I(U) sBasieTcss He BIOJHE JIMHCHHOI:
BOJIbTAMIIEPHBIE XAPAKTEPUCTUKU, IPHU 1, |
BO3pACTaHUU U TIPU YOBIBAaHUH

HAIPsHKEHUs, TaKKe OOBIYHO HE L F-—- — |
MOJHOCTBIO COBMAAAOT. DTH OTIUYUSA £ |
HOCSIT, BIIPOYEM,

=0, g=on’,

VE Vi
Puc.1.
BTOPOCTCIICHHBIN XapakTep H JJIs HamUX IeJed OKa3bIBAalOTCS HE

CYILIECTBEHHBIMH.
YnpaxHenue 1.
Bonemamnepuas xapaxmepucmuka cmaouiumpoHa.
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st monydeHus BOJbTAMIIEPHOM XapakTEPUCTHKU Ta30pa3psIHOTO JUO0ja
HEOO0XOMMO:

1. CoOpatb cxemy, H300pakeHHYIO Ha pUC.2, TJIe B KAYECTBE
ra3opaspsHOro JU0ja UCroib3yercs ctabunutpona CI-2.

CTaObUIUTPOH — 3TO 2A30HANOIHEHHBLIL OO0 C HE TIOIOTPEBAEMBIM KaTOJIOM.
YToOBl NIpe10XpaHUTh CTAOMIIUTPOH OT MEPErOpaHus, MOCIEA0BATEIBHO C JIAMIION
BKJIIOUEHO J00aBOYHOE compoTuBieHUe R~5 kOm. (3TO CONPOTHUBIICHUE B CXEME
OCTaETCsl MPU BCEX MU3MEPEHUSX ).

2. Ilpu BBIMOTHEHUU YIPAKHEHUS HYXHO BO3MOXKHO TOYHO ONPEIETUTH
MOTEHIIUAIbI 3akuranus u ramenus U,,,. = U; u U, =U; U coOTBETCTBYIOIINE
uM Toku | u l,. Ilocie 3TOro BBIMIONIHEHHE YIPaKHEHHUS CBA3aHO C W3MEHEHUS
3HAUCHUS HAMPSDKEHUS MEKY KaTOoJIOM U aHo/IoM (1arom 5 B) cHadana B mpsiMmom
HampasieHuu g0 150 +300 B, a 3ateM B 00paTHOM HampaBJICHUH 10 TalllCHUS
JIAMIIBI.

3. IMoctpouts rpaduku 1(U) mis crabmmTpoHa

R

Uri R,

Ccr

Puc.2. Cxema yCTaHOBKH JIJisi CHSATHS BOJbTAMIIEPHOM XapaKTEPUCTUKU
CTaOMIIUTPOHA.

4. U3 momyueHnHoro rpaduka, mo yrily HakJIoHa CTATUYECKON BOJIbTaMIIEPHOU

XapaKTepUCTUKU HAXOJIMM BHYTPEHHEE COMPOTUBIICHUE I Ta30pa3psAIHON JIaMIIbI (
AU

Vorym = Al );

5. IlosyynTh  JMHAMHYECKYK)  BOJBTAMIIEPHYIO  XapaKTEPUCTUKY
ra3opasps/IHOM JIaMIbl MIpU 3-X pa3JIMuHbIX BHEMIHUX Harpy3kax R. Harpysky R
M3MEHSIOT C TOMOIIBIO MOTEHIIMOMETPA HA CXEME.

6. I1o Touke nepeceyenus | ot U B Touke | = 0 HaiiTH €.

YnpaxHenue 2.

H3yuenue pabomel penakcayuoHHo2o 2eHepamopa.
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JUis monydeHus pelakCalMOHHBIX KOJIEOAHMM B LEMU C Tra3opaspsiHOM
JaMTION COOMPAIOT CXeMy N300paKEHHYIO Ha puC. 3.

KpoMe cTabminTpoHa B CXE€My BKIIOUYEH M KOHAEHCATOp ¢ eMKocThio C.
npuMepHo 5000 nd.

B snextpuyeckoil menu, coaeprKalieil KOHAEHCATOp U conpoTuBiieHuE (0e3
CAMOMHIYKIMM), DPa3psA] KOHJIEHCATopa 4Yepe3 CONPOTHUBIEHHE IPEICTaBISIET
coboil amepuoanueckuii npouecc. OJHAKO paspsay MOXKHO NpPHIATH H
NEPUOIMYECKUN XapaKTep, BO30OHOBIIASA 3apsi)i KOHJIEHCATOpa Yepe3 NOCTOSIHHbIE
npoMexXyTku BpeMeHU. KorneOaHusi B 3TOM ciaydae SBJISIOTCS COBOKYIHOCTBIO
JIBYX alepuoJIMYECKUX MPOLECCOB - MPOLEcca 3apsAIKi KOHIEHCATopa U Mpoliecca
ero paspsaaku. Takue kojgeOaHus Ha3bIBAIOTCSA
penakcanMoHHbIMH. Ponp "kiroua', —
00€CIEeYNBAaIOIIEro  IONEPEMEHHYIO .= R
3apsAAKy M pa3psaaKy KOHAEHCATopa, — 1

| ’C1
i

B 3TOM ciry4ae Urpaer
razopaspsiiHbIA THO.

- C
T ¢ / I(V)

Puc.3.
PaccmoTpum  cxemy ycTaHOBKHM, wu300paxkeHHyro Ha puc.3. Ilycth
HampsDKEHUE Ha KMCTOYHUKE & Oosbllie HampspkeHuss 3axkwuranus U;. B
0003HaYEHUSAX MPHUHSITHIX HA CXEME, YpaBHCHHUE TOKA B IICTTH UMEET BU]I

du -U
I.+1U)=(s-U)/R mncdt+l(U)=‘9 _ L)
B ycnoBusix, xorma U=const, T.e. at =0, u3 (1) monyunm ypaBHeHHe I
Harpy304HOU MPSAMOU
I =(6-U)R. 2)

Beipaxxenune (2) - rpaduuecku npencrasieH Ha puc. 4. Ilpu pasueix R,
rpa@ukd MMEIT BHUJ NPSIMBIX, nepecekamommxcs B touke J = 0, U = E
CrauyvoHapHbIA PEXUM CXEMBI OIPENEISIETCS IYTEM COBMECTHOTO PEIICHHS
ypaBueHuss (2) u ypaBHenus | = [(U), ompenensromnryto BOJIbTaMIEPHYIO
XapakTEpUCTUKy Jiamnbl. Ha puc. 4 pemieHne naercsd TOYKOM HepecedeHus
BOJITAMIIEPHBIX XapaKTEPUCTHUK JaMIibl U " Harpy3ouHoil" mpsmoil. Kpome Toro,
U3 puc.4 cieayer, 4To Takas TOYKa UMEETCs TOJIBKO MpU MajbIx R.

Cayyaii, korna R=R, = (8 -V, ) / I, sABASIETCSI KPUTUYECKUM.
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[Ipu nanpHEWUIIEM YBEIMYEHUN
R, rpapuku He mnepecekarTcs, U
pEeXUM CTaIl[MOHAPHOCTH
CTAHOBUTCSI HEBO3MOXXHBIM. B 3TOM
clIyvae B cUcTemMe
YCTaHaBIUBAKOTCS KoJie0aHusl.
PaccMoTpuM, Kak MpPOUCXOTUT cam
KoJie0aTeIbHbIN MpoILiecC.

V, v

Puc. 4. Onpenenenue cTalliOHAPHOTO
pexuma.

[Iycts B Hayane omnbiTa K04 K pa3soMkHyT U U = 0 . 3amkHem kirou K.
Kongencatop C HauMHaeT 3apsbKaTbesl yepe3 conpotuBienue R, Hanpsbkenune U
yBennunBaeTcs. Kak TOJbKO OHO TOCTUTHET "HamnpsbkeHud 3axkuranus' Up, nammna
OTKpPBIBAETCSI — JIaMIIa HAYWHAET IMPOBOJAMTH TOK, NPHUYEM IPOXOKIACHHE TOKa
yepes JIaMIly CONPOBOXKAAETCS pa3psiAKONM KOHIEHCATOPA, a 3HAYUT HCTOYHUK TOKA
(Garapest), Oyayuu BKJIIOUYECHHBIM dYepe3 COmpoTuBiIeHHEe R, He MOXKer
HOJIIEPKUBATh HEOOXOAUMYIO JUIsl TOPEHUS JIAMITbl BEJIMYMHY TOKA.

Bo Bpems ropeHus ammbl v 4
KOHJICHCATOp  paspsbKaercsi W
HallpsDKEHUE Ha HEM  [ajaer.

Korna OHO JIOCTUTAET
"HanpsbkeHuss ramenus " U
Jamra

Puc.5. OcuninorpamMmma
peIaKCcalMOHHBIX KOJICOaHUM.
3amupaeTcs, T.. JIamma T[epPecTaeT MPOBOAUTh TOK, M KOHICHCATOP BHOBH
HaYMHAET 3apsukaThes. Dopma KpuBOH HANPSDKEHHS HA KOHICHCATOPE N300paxeHa
Ha puc.5. AMmuryaa kojebanuit papHa U;-U,. YcinoBue camoBo30yXaeHUs NpU
ATOM MMEECT BU]I

R>R, =(e-V,)/1,. (3)

Brruncnum niepuo penakcarmoHHbIX Kojiebanuid. [TonHoe Bpems konebaHuit

T COCTOHMT M3 CyMMBI BPEMEHHU 3apsAAKH 73 M BPEMEHH DPas3psikd - 7, . OObIYHO

COIPOTHBIIEHUE HArpy3ku R BBHIOMpAIOT CYIIECTBEHHO OOJIBLINM, YEM BHYTPEHHEE

conmpoTUBJIEHUE Jamnbl. B sTtom ciywae, mepuong T = 73. Bo Bpemsa 3apsaku
KOHJIeHcaTopa Jiamma He ropur, T.e. | (U) = 0 u ypaBHenue (1) npuoOperaeT Bu
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dv
R-C==¢-V. (4)
dt
By,[[CM OTCUUTBIBATL BPEMsA C MOMCHTA 3aTyXaHHs JIaMIIbl, TaK 4YTO IIpHU U=

U,, umeem

V=8—(8—V2)-exp(— t/RC). (5)
B moment 3axuranus t = 7, U = U;. [ToaTomy umeem
V,=e—(e—V,)exp(t;/RC). (6)
N3 (5) u (6) HETpyAHO HANTH
T=1;=RC-In(e-V,)/(e V). (7)

Pa3BuTas BbIle Teopus sBiseTcs nmpubauxkeHHo. Clienyer UMETh B BUAY,
YTO MbI MOJIHOCTBIO MpEeHEOperajyd Mapa3uTHHIMU E€MKOCTSIMU U TMapa3UTHBIMU
CaMOMHIYKIMUSAMU cXeMbl. M30KeHHass TEOpusl CIpPaBEUIMBA B TEX CIIy4asXx,
KOIJIa B CXEME YCTaHOBJIEHA JOCTAaTO4YHO Oouibmas eMkocTh C M Korja NepuoJ
KOJICOAHUM CYIIECTBEHHO OOJBIIE BPEMEH pPa3BUTUA paspsja U JEUOHU3AIUU
(mpaxTiaeckn 107 ¢.).

[TopsiI0K BBIMOTHEHHUS YIIPAXKHEHHUS:

1. CoOpath 3MEKTPUUECKYIO CXEMY, TPUBEIICHHYIO Ha pucC. .

2. BxirouuTh pa3BepTKy ocuusuiorpada u U3MeHssl BEIMUMHY Harpy304HOTO
conpoTuBjiieHus: R, HaWTH pexuM, B KOTOPOM BO3HHUKAIOT peJlaKCAllMOHHBIE
xoseOanus. Onpenenurts R,, 1 CPaBHUTH NOyYEHHOE 3Ha4YeHHE R,, C BENMYHHOMN,
paccuuTanHol 1o hopmyie (3).

3. U3menss 3nauenue R, yoenuTbest B TOM, UTO yCIOBHUE CaMOBO30YKIICHUS B
HIMPOKHUX MPEeNIaX HE 3aBUCHUT OT BEJIMYMHBI COTPOTUBIICHUS.

3apucoBaTh Ha KaJdbKy KapTUHY KoyieOaHWi, BO3HUKAIONIMX  Ha
octmiorpade. ConpoTUBIEHUE U3MEPSIETCS C TIOMOIIBI0 OMMETPA.

[
-

- Ro I—PH MOCTY IJii M3MepeHus R
2

5 O

bt

o z
N7

\f
_ + X
_l_ X é:[ . 3T
3

Puc. 6. Cxema 151 HaOIIIOICHUSI peTIaKCallMOHHBIX KOJICOaHMi
U OTIPE/ICJICHUS UX YacTOT.
Jns ompenenieHusl 4acTOThl (Mepuojia) KojaebaHui HEe0OXOIUMO BKIHOYUTH
reHepaTop pa3BepTKU ocuwuiorpada U MoaaTh Ha TOPU3OHTAIBHBIM yCUIIUTENb
HaIpsHKEeHUE ¢ 3BYKOBOTO reHeparopa. [lpu 3ToM Ha skpane moiyudaercs ¢urypa
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Jluccaxy, COOTBETCTBYIOLIAs OTHOLIEHMIO dYactoT 1:1 (B omimume oOT
TapMOHHYECKHUX KOJICOAHUM, PU peTaKCallMOHHBIX Kojebanusax ¢urypa Jluccaxy
HE UMeeT, (POPMBI MPABUIIHLHOTO AILTUIICA).

CpaBHUTE HM3MEpPEHHOE 3HAYEHHUE IEPHOJa PEIaKCAIMOHHBIX KOJeOaHUil ¢
BEITMYMHON TIEpHUOa, pacCUuTaHHOU 1Mo hopmyse (7) U MONb3ysICh 3HAYCHUEM &,
HallICHHBIM B YIPa)KHEHUH 1.

O1eHUTE NOTPEIIHOCTD, BOSHUKIIIYIO OT IPEHEOPEKEHNS BpPEMEHEM Pa3psIKU
Tp.

W3mepenus npoaenath JUIsl pa3IMuyHbIX CONPOTUBIEHUH R,.

ITo ocumnnorpaMMe OLICHUTH 3HAYEHUS 7, U 73 (CM. PHUC.5) IIPH Pa3INYHBIX
3HaueHUIX R,.

Jlureparypa

1. Kanamnuko C.I'. DnmektpuuectBo. - M., 1977r., 216, 74, c. 166, 169, 170,
74,

2. Cusyxun /I.B. O6mmii kypc ¢usuxu. - M., 1977r. T.3, ra. VIII. §§. 109,
111, 134. § 134. C. 476 — 498, 600.

3. ®pum C.D., Tumopena A.B. Kypc obmieit pusukn. M.:2007. T.2. §§ 182 —

184. C. 222 - 235.

CaenbeB U.B. Kypc obmieii puszuku. - M., 1978. T.2, C. 80- 83.

Hacrosmee yue6H0e mocodue, yacts 1. § 12. C.97.

o b
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3agaua 5.
IMPOBEPKA 3AKOHA OMA B ITPOBOJJHUKAX BTOPOI'O POJIA.
ONPEIAEJIEHUE 3APS A DJEKTPOHA

Hear pabdoThl: MOBEpKa BHIMONHSAEMOCTH 3akoHa Oma B HPOBOJAHHUKAX
BTOpOTO pona. OnpeaeneHne 3apsia IEKTPOHA 10 TaHHBIM JyTsl uncia Dapajes.

IpuHAaN/IeKHOCTH: WCTOYHHUK IMOCTOSHHOTO TOKA, aMIIEPMETpP, BOJIBTMETP,
MeIHbIe ANeKTpoanl, coiib CuSO, IUCTWIIMPOBAHHAsT BOJA, BECHl C
pa3HOBECKaMHU, AJICKTPOJIU3ED.

IIponecc  pacnmaga MOJIEKYJIbl HAa  OTHAEIBHBIE  HOHBI  Ha3bIBACTCS
INEKMPONUMUUECKOU Ouccoyuayueri. ITOT IIPOLECC MOXKHO IIPEICTABUTH
cienyomuM oopazom. OKOJIO KaXJI0ro MOHA, U3 KOTOPBIX COCTOUT MOJEKYJa
PAaCTBOPEHHOIO BEIIECTBA, OPUEHTUPYIOTCS IOJISIPHBIE MOJIEKYJIBI PACTBOPUTEIIS.
K mosouTenpHOMY MOHY MOJIEKYJIBI PACTBOPEHHOI'O BEHIECTBA MPUTATHUBAIOTCS
OTpULATEIbHBIE TIOJIIOCHI MOJIEKYJ PAcCTBOPHUTENS, HpHU 3STOM OHH OyIyT
OTTAJIKUBaTh JApPYrod HOH »3TOW Mojekynbl. Ilpouecc obOnemneHus wnoHa
MOJIEKYJIAMU PACTBOPUTEIIS HA3bIBACTCS

colpBaTaner (a1 BOJABI - H* H*
ryparanvs), Kak 3TO IOKAa3aHO Ha @) &)
PUCYHKE CIIpaBa. e @———@ °

@ Na* )
H* H'

CornacHo 3akoHy KynoHa cuna B3aMMOAEHCTBHS MEXKIYy MOHAMHU MOJIEKYJIbI
ocnabnsiercs B € pa3, (rae, & - AUIIEKTpUYECKasi MPOHUIIAEMOCTb PACTBOPUTEIIS).
[Ipu 3TOM 3HEprusi TEMJIOBOIO JABUXEHHUS B PACTBOPE OKAa3bIBAETCS JOCTATOUYHOM
JUISL TOTO, 4TOOBI OTACIUTH MOHOB MOJEKYJIbl Apyr oT apyra. Ilocnme pacmana
MOJIEKYJIBI MOHBl OCTalOTCSI B COJBBATHBIX O0O0JIOYKAX U MPOAOCHKAIOT
y4acTBOBaTh B TEIJIOM JBUKEHUU B CPEJIE.

BemecTBa, MOJIEKYJIBI KOTOPBIX B PACTBOPE WJIM B PacIlJIaBe pacliaJaroTcs Ha
VOHBI, Ha3bIBAIOTCS IPOBOJHUKAMU BTOporo poja. K mpoBogHukaMm BTOporo poaa
(37IEKTpOJIUTaM) OTHOCSITCS BOAHBIE PACTBOPHI COJIEW, KUCJIOT W OCHOBAaHUH, a
TaK)K€ PAcCIUIaBJICHHbIE COJIM. DJIEKTPUUECKUN TOK B 3JIEKTPOIUTAX OOYCIIOBJICH
JBHKEHUEM HOHOB TOJ JEMCTBHUEM BHEIIHETO 3JEKTpUueckoro mois. I[loatomy
IPOBOJUMOCTb 3JEKTPOJUTOB, B OTIMYMH OT DJIEKTPOHHOM MIPOBOJUMOCTH
METaJUIOB, IPUHATO HA3bIBATh UOHHOIL.

[Ipoxok/ieHHE TMOCTOSIHHOTO 3JIEKTPUYECKOTO TOKa Yepe3 DIEKTPOJIMUTHI
COMPOBOXK/IA€TCS BBIJICIICHUEM COCTABHBIX YACTEH 3THUX BEIIECTB HA JJEKTPOAAX.
DTO SIBJICHUE HA3BIBAIOTCS 2J1EKMPOSIUZOM.

Ecnu BHECTH B 3JEKTPOJUT JIBa 3IEKTPOJa (METAIMYECKUX UM YTOJIbHBIX ),
COEJIMHEHHBIX C MOJIOCAMU HCTOYHHMKA MOCTOSHHOIO TOKAa, TO MO JAEUCTBUEM
ANEKTPUYECKUX CHJI MOHBI B PACTBOpPE NPHUAYT B HampaBiieHHOe ABmxeHue. K
aHoxy OyAyT JBUTAaTbCsl OTpPHUIATENIbHBIE HOHBI - @HUOHBL, a K Karony -
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MOJIOKUTENbHBIE UOHBI - KAMUOHbBL. JJOCTUTHYB AJIEKTPO/IOB, HOHBI Pa3psKatOTCs:
aHUOHBI ~ OTHAIOT AHOJMY W3OBITOYHBIE JJIEKTPOHBI, HAMPOTUB, KaTHOHBI
BOCCTaHABJIMBAIOTCS Ha Karoze. [lockonbKy 3apsia ogHoro nona pased (- Z, rae q
- 3apsAJl DJIEKTPOHA, Z - BAJEHTHOCTh MOHA, T.€. YUCIIO 3JIEKTPOHOB, OTJAAHHBIX WJIU
NPUOOPETEHHBIX MPH JUCCOLMALMU KaXIbIM aTOMOM, TO 3apsJ]l, OTIaBAEMbIN
MOHAMH JIEKTPONY, OyJIeT paBeH
Q = nzq. (1)
31ech N - 4UCII0 HOHOB.
C npyroi CTOpOHBI, Macca BEIIECTBA, BBIICIAIOLIECIOCS Ha JJIEKTPOJE IpU
3IIEKTPOJIN3E, paBHA
M=nm, (2)
rze M - Macca OJTHOTO MOHa.
N3 popmy (1) u (2) naxonqum M paBHOUI

m
M _qu' 3)

Ecau ydects, 4TO B 0JIHOM rpaMm - moiiekyie (A) moboro BemecTra (T.€. B
Macce BEIIECTBAa BBIPAXEHHOW B I'paMMax, PaBHOM €ro MOJICKYJISIPHOMY BeCY),
COJIEP)KUTCS OJITMHAKOBOE YHCJIO aTOMOB

N,=6.023-1 0% monv™’ (arco ABOrajpo), To Macca HOHa

m=A/No. 4)
[Toacrasnsis Beipaxenue (4) B (3), nomyuum aiast M
A
M = =K
N2 Q=kQ, (5)
k= A/((Nozq), 6)
rnie K — mocrosHHas  JUIsi K&KIOTO — BEIIECTBA,  Ha3bIBacMas

ANEKTPOXUMUYECKUM SKBUBAJICHTOM.

W3 BeIpaxkeHusd (5), HOCSIIETr0 Ha3BaHUE nepeviil 3akon Dapadesn, cnenyer,
4TO Macca M, BBIIEIAIOLIA’CS Ha JJIEKTPOJAE BEIIECTBA IPU  AJIEKTPONIH3E,
IPOMOPIIMOHANIbHA 3apsay Q, MmpoieAmeMy depe3 SJICKTPOIHUT. YUYHUTHIBas, YTO

BenuunHa 3apsna Q paBHa MpoW3BENCHUIO CHJIBI Toka | Ha Bpems ero
MIPOXO0XKACHUS (Q=1-1), nngs M MOXHO 3amucarh:
A A
M = At=—-1-1, (7)
N ez zF
3nece Alz - xumuueckuit skBuBasieHT, F = (N, - umcmo ®Papanes.

Bripaxkenue (7) HOCUT Ha3BaHUE 6mopoii 3axkon Dapades 15 dAEKTPOIN3A.

Jli1st Toro, 9YTOOBI Ha JIEKTPOJIE BHIACINUIOCH KOJTUYECTBO BEIIECTBA, PABHOTO
XUMHYECKOMY SKBHBaJicHTY M = A/z, depe3 3JeKTPOJIUT HAI0 MPOMYCTUTh 3apsj
Q = F . CnenoBarensHo, uncino Papanes F aucnenno paBHo BenuduHe 3apsiaa Q,
IpU MOPOXOXKICHUU KOTOPOrO YEPE3 HJIEKTPOJHUT BBIACTSACTCS OAWUH TpaMM -
DKBUBAJICHT BelecTra - A/z, T.e.
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A
F= ~No. (8)

Tak kak 3apsiJi 5KBUBAJICHTHOTO MOHA YKMCIEHHO PABEH 3apsily AJIEKTPOHA, TO

JUTSI BBIUMCTICHUS 3apsijia DJIEKTPOHA MOXKET OBITh MCTIOJIb30BaHa (hopmyiia
q= A F (9)
ZkN, N,
Ynpa:xuenue 1.
lIposepka 3axona Oma 8 npoBOOHUKAX 8MOPO2O POOa.

DNEKTPONIUTHI, MOJOOHO APYTMM TMPOBOJHHKAM, OKAa3bIBAIOT HEKOTOPOE
COIIPOTUBIICHUE MTPOXOKACHUIO Yepe3 HUX IEKTPHUUECKOro Toka. ComnpoTuBICHUE
AIEKTPOIUTA TPSMO TMPOMOPIHUOHATBEHO MEXIIEKTPOJHOMY paccTosHHi0 L u
00paTHO MPOMOPIIMOHAIBHO MOTIEPEYHOMY CEYEHUIO €T0 S

L
R=p=. 10
pS (10)

KosdduimenT mnpomnopioHalibHOCTH P, Ha3bIBAEMOE €ro  yACJbHBIM
COMPOTHUBJICHUEM 3aBUCHUT OT TIPUPOIBI pacTBopa (MPOBOJIHHUKA), KOHIICHTPAITUU H
temriepaTypbl. COPOTHUBIICHHUE JIEKTPOJIUTOB, KaK W MPOBOJHUKOB IIEPBOTO POJIA,
py OOBIYHBIX YCIIOBHSIX HE 3aBUCHUT OT MPHJIOKEHHOTO W3BHE HAIMPSOHKEHUS (ITO
MPaBWJIO HApyIIaeTCs MNpH OOJIBIIUX HANpsLDKEHUsX - I¢gpgpexm Buna wnu B
MEePEMEHHBIX TOKAaX BBICOKON 4acToThl - ddekt [ebas - DonbkeHrarena) u amis
HUX CIIpaBelIuB 3akoH Oma

= AU, (11)

rae  Kodh UIMEHT NPOMOPIUOHATBFHOCTH A - BeIWYMHA, OOpaTHas
COMPOTHBIICHHIO MpoBogHUKa A=1/R u m3mepsercs B oOpaTHbx omax (Om™). U3
ypaHenu#t (10) u (11) mu1st mageHust HAMPSHKEHUS B SJICKTPOJIUTE TIOJIyHYaeM:

U=——, (12)
cS

rne o =1/p ynenbHas 3JIEKTPONPOBOJAHOCTh MM 3JICKTPOIPOBOIHOCTD
KyOHKa BEIeCTBa C JUIMHOMN pedpa B 1 cM.; pasmepHocTth ee OM cm ™. Jlaree, eciu
UMETh B BUAY IUIOTHOCTH TOKA, T.€. TOK, OTHECEHHBIM K €IUHHIIE IMOIEPEYHOro
ceuyeHus MPoBOHUKA J=1/S, TO mageHne HANPSHKSHUS B AJIEKTPOJIUTE OYIeT paBHO

U=jL/o. (13)

Takum 00pa3om, MajJeHuE HANPSHDKEHHS B DJIEKTPOJIMTE MPOMOPIUOHAIBHO
IUIOTHOCTA TOKa |, PpACCTOSHHIO MEXay odyekTpogaMmu L w®  oOpaTHO
MPONOPIIMOHAIIBHO YAEIBHON 3JIEKTPONPOBOAHOCTU 0. BenuunHa o onpenensiercs
MIPUPOAOH, KOHIIEHTPALIMEN PACTBOPA U EI0 TEMIIEPATYPOU.

UYame Bcero 3akon Oma B ¢hopme Boipakenus (13) mpuMeHSIOT 11 mocyeTa
NaJieHUsl  HaAOpsDKEHUs B DJIEKTPOJIUTE  NPU  HU3BECTHOM  yJEIbHOU
ANEKTPONPOBOJHOCT M 3aJaHHOW IUIOTHOCTUM ToKa. Ilpu oOuyeHb MaibIx
IJIOTHOCTSAX TOKa (13) MoeT ObITh MCMOJIB30BAHO TAKXKE U JIJISI MPUOIUKEHHOTO
OTpEIEICHUS SJIEKTPONPOBOJHOCTH (0€3 yueTa CONMPOTUBIIECHUS TPAHULIBI pa3jiena
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ANEKTPOA - DJIEKTPOJUT, TAE U3 - 3a AJIEKTPOAHON moJispu3anuu 3akoH Oma He
BBITTOJIHSCTCS).

BolosiHeHUs1 pa0d0ThI

1. CoOpatb cxemy, NMpUBEACHHYIO Ha pUC.l: rae 1 - UCTOUHHUK MOCTOSIHHOTO
toka (M), 2 - anexTponmsep (D), MPEACTABIAIONINN COOOM CTEKISTHHBIA COCY C
MEJIHBIMU 3JIeKTpojamMu (katon - K,

aHon - A B BHJE IUIACTUHOK C - 1
OJIMHAKOBBIMH ILIOIAISIMU S), — uri

3 - ammepMmeTp Ha 5 A, !

4 - BOJIBTMCTP IMIOCTOAHHOI'O TOKA 4

+

(V))— > )

3
10 B, 5 - peocrar. 2 * N
IS ESIESS R

Puc.1.

B anexrpomuzep 3ammBaror 0.1 M CuSO, - penuHOpManbHBIM pacTBOP
ceprHokucnoi Meau. 0.1M pactBop CuSO” mpUroToBNSAIOT pacTBOpeHHEM 16 T.
MEJHOTr0 Kynopoca B 1 1uTpe TUCTUIUIMPOBAHHON BOJIBI.

a. OnpeieneHue y1eabHOIO COMPOTUBIICHUS 3JIEKTPOJIHTA.

B Hauane 31eKTpo/ibl MapajulesIbHO 3aKPEIUISIOT HEMOABUKHO Ha HEKOTOPOM
PaccTOsSIHUM APYT OT Apyra (Hampumep, Ha pacCTOssHUU L paBHOro mpumepHo Ha 5
CM. 3a BpeMs OIBITA ATO PACCTOSAHHME HE MEHsI0T). llocTeneHHo, U3MEHss TOK
MEXy JJIEKTPOJaMHU, CHHUMAIOT BOJbTammepHyro xapaktepuctuky (BAX), t.e.
U3MEPSIOT TaJeHue HamnpsokeHuss npu  usMeHeHun Toka . IlomyueHHbie
pe3ynbTaTrhl M300paxkaloT rpaduyecku B Buae 3aBucumoctd U ot | (mpu L =
const). 3atem Mo TaHTeHCY yria HAKJIOHA Ipaduka onpeaeisioT OPUEHTUPOBOUHO
3HaueHue G. [Ipu 3Tom HE0OX0MMO yuecTh, uto tgaa=AU/Aj=L/c.

[locine »9TOro HNEKTPOABl YCTAHABIUBAIOTCS TaKUM O00pa3oM, YTOObI
paccTosiHue MEXIy HUMH ObLIO 2 CM., 3aT€M BKJIIOYAIOT TOK U CIYCTS HECKOJIBKO
MUHYT 3alMCBIBAIOT IIOKAa3aHUs BOJIbTMETpa. [lanee yBenMUMBAIOT pPacCTOSHUE
MEXY DJICKTPOJaMM TOCJIEA0BATEIBHO Yepe3 Kaxawsli 1- 2 cMm g0 15 - 17 cm,
NOAJIEP)KUBAsE C TIOMOLIBIO PEOCTaTa, GEIUYUHY MOKA HOCHMOAHHOU U
3aMMCHIBAIOT TOKa3aHUsl BOJbTMETpa. Kak W B TIpeablAylIeM OIbITe, CTPOST

rpaduk 3aBucumoctd U ot L, HO yxke mpu | = const. TanreHc yria HakjJIOHa
BBIUCPUYCHHON KpuBoi mpuOmmxkenHo paeH tga=I/(So). Ilpm wu3BecTHOM
wioTHocTH Toka (J = 1/S) 3TO MO3BONSET OMPEACTUTH AJICKTPOIPOBOIHOCTh

pactBopa. O0s3aTeNbHO OINPENETUTE NI0UA0b MONbKO NOSDYHCEHHOU Yacmu
91eKmMpooa.
YnpaxHenue 2.
U3yyenue KoHyenmpayuoHHoU 3a8UCUMOCMU
NIeKMPONPOBOOHOCHU NPOBOOHUKOE BMOPO20 POOd
DTO  ympakHEHUE [MO3BOJIsIET OOHAPYXKUTh 3aBUCUMOCTb  y/EJIbHON
DJIGKTPOTIPOBOJTHOCTA ~ pacTBOpa MPU  HM3MEHEHHWH  €ro  KOHIIEHTPAIIWH.
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DONEeKTpUYECKUA TOK B BJIEKTPOJUTAX HMEET MHOTO CXOAHBIX YEepPT C TOKOM B

MeTaiax. B anekTponuTax, Kak yxe OTMEYald BbIIIE CBOOOJHBIE HOCUTEIH B

BUJIC AaHHOHOB M KaTHOHOB OOpa3ylOTCs B pe3yibTaTre >SJIEKTPOIUTHUECKON

JUCCOIUALUY. OOpasyromuecss ~ HOCUTENIM  3apsAoB  y4yacTBYHOT B

AIIEKTPOIPOBOIHOCTH pacTBopa. I[lonmHas IJIOTHOCTH TOKa, OOYCIOBJICHHAs
nperioM KaTHOHOB M aHMOHOB paBHA

J=J++]j=n.qu.+n.qo =neq (vt v), (14)

rae o - Ko3(pQGUIUEHT AUCCOIMaIKY, N - YUCIIO MOJIEKYJ B €IMHUIIE 00beMa,

U+, L. - JIpeiidoBas CKOPOCTh KATHOHOB M aHWOHOB, COOTBETCTBEHHO. JlpetidoBas

CKOPOCTb HOHOB CBSI3aHa C DJIEKTPUYECKUM TIOJIEM 4Yepe3 HUX MOJBUKHOCTD

9 g
b, = E n b= £ Otcroza JyIs IIOTHOCTH ToKa | umeeM: | = nqa (b+ + b)E,
WIN IS YACTBHOU 3IIEKTPOIPOBOIHOCTH:

c= neoc(b L+ b_) , (15)

U3 KOTOPOTO CJIEAYET, YTO YACIbHAS JIEKTPOIPOBOTHOCTh O JOJIKHA W3MEHUTHCS
JUHEHHO C M3MEHEHHWEM KOHIIEHTpAllMM WOHOB N B pacTBope. [ns mpoBepku
3aBUCUMOCTH O OT KOHILIEHTPAIlMU UOHOB B PACTBOPAX MCIOIB3YIOTCS TaHHbBIC JIJIS
MajJICHUS] HAMPSDKEHUS B PAaCTBOpPAxX C M3BECTHBIMHU KOHIICHTpaIusMu. J[is sToro,
npu L=const, Hy)KHO HW3MEpUTh NaJCHUEC HANPSHKEHUS OT IUIOTHOCTH TOKa,
MOCTPOUTH rpaduK 3aBUCUMOCTH | oT U U MO yrily HaKJIOHA OMPEICIIUTh HAXOISAT
G.

Jlist onpenenenus ¢ pacTBOpa APYroi KOHIIEHTPAIIMH, HE MEHSISI PacCTOSIHUE
Mexay anekrponamu  (L=cCONnst) W3MEHSIOT KOHIICHTpAIMIO pacTBopa B
DJIEKTpOJIM3epe H MOBTOpstoT u3MepeHus | ot U. Ilpoueaypy u3MeHeHHs
KOHIIEHTpAIIMU HYKHO TTOBTOPUTH HE MEeHee TpH pasza. [lo pesynbraram 3 u Gonee
U3MEPEHU CTPOSIT rpaduK 3aBUCUMOCTH G OT KOHIIEHTpAI[UU pacTBOpa.

KoHmeHTpamusi pacTBOpa 3JEKTPOJIMTa BO BCEX Cydasx 3apaHee T0JDKHA
OBITh U3BECTHOIA.

Ynpaxxkuenue 3.

Onpeoenenue uucna Papades u 3apsa0a 21eKMpoHa.

[Ipy mpoITyCKaHWM TTOCTOSIHHOTO JJICKTPUYECKOTO TOKAa Yepe3 AJICKTPOJIUT
MIPOUCXOJIUT DIEKTPOJIN3, T.€. BBIJICIICHUE BEIIECTB Ha deKTpoaax. K anoxy OyayT
JBUTAThCS AHUOHBI, K KaTOAy - KaTHOHBIL. JIOCTUTHYB JJIEKTPOJOB, OHHU
pa3psKAloTCS; AHWOHBI OTNAIOT aHOJY W30BITOYHBIC AJIEKTPOHBI, KATHOHBI
BOCCTaHABIIMBAIOTCS Ha Karoje. Hampumep, monekynbl MenHoro kynopoca CuSOy
[MCCOLMUPYIOTCS. TPH PACTBOPEHWHM HA TONOXHTEnbHbIe HOHBI Cu”’ U
orpunareisabie Housl SO,”. Kpome noros Cu”* i SO4° pacTBOpP COIEPKHUT TAKKE
BOJIOPOJIHBIE H' u ruapokcuaabiec OH MOHBI BOJIBIL.

MoHbl Meau paspsbKaloTcs Jierde, 4eM HOHBI Bojgopona H', mostomy mpu
MIPOXOJKJICHUH TOKA Ha KaToze OyaeT MPOUCXOIUTH BhIICICHUE METH

Cu®* + 2e — Cul°.
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Vonsr SO,* paspsxatorcss tpymHee, deM wnouel OH. Ilostomy mpu
IPOXOXJACHUHM TOKA y aHOAa pa3pspKaloTCs WOHBI TUAPOKCHUIA WM BBLICISAETCS
KHUCIIOPO/T

20H -2e— H,O0+0; 20— 0,

Wonsr SO,” ¢ nonamu H* 06pasyror y aHoxa pacTBop cepHoit kuciaotsr: SO~
+ 2H+ — HgSO4.

Muade mpoTekaeT mpoIecc, eciau aHOA M3TOTOBIIEH U3 Meau. B aToM ciydae
pa3psii MOHOB MPOUCXOTUT TOJNBKO y KaToja, Y aHoJa kK€ HaoOOpOT, HMOHBI
MeTasuia (Meu) NepexoiaT B pacTBOP.

CnepoBarenbHo, anekTpoaun3 CuSO, mnpu MeaHOM aHoJle CBOJIUTCA K
NEPEHOCY MENIU C aHOJla Ha KaTo/; B TO € BpeMs KOJMYECTBO MEHOTO Kylopoca
B PACTBOPE OCTAETCA HEU3MEHHBIM.

BbinoJjiHeHUe YIIpa:KHEHHe

VYnpakHeHuE BBIIOJIHAETCS B CIEIYIOIIEM MOPSIKE:

1. Mcnone3yercs cobpaHHas yCTaHOBKA, YTO Ha puc. 1.

2. IpurotoButs 0.IM pacteop CuSO,; Ha AUCTHUIMPOBAaHHOM BOmE U
3aIlOJIHATh UM DJIEKTPOJIU3ED.

3. IIpuroToBuTh (3aYMCTUTH, MPOMBITH, IPOCYIIUTH) MEIHBIE DIEKTPOJIBL.
B3BecuTh Maccy karona u 3anucath (M).

4, DnekTpobl IPU MOMOLIM JJIEKTPOIAHBIX JepKATeNel YCTaHABIMBAKOT TaK,
4YTOOBI OHU HaXOAWJIUChH B CEpeANHE cocyia ¢ aneKkTpoauToM. CTporo ciaenuTs 3a
HOJIIPHOCTBIO MOTEHIIMAJIA HA IEKTPOAAX.

5. C oMOIIBI0 PeocTaTa yCTaHaBIMBAIOT TOK Uepes daeKTponut B 0.05A.

6. O)IHOBPCMCHHO C BKIIIOYCHHUCM TOKaA BKIIIOYACTCA CCKYHAOMCPD U B TCUCHHC
BPCMCHHN U3MCPCHUS TOK MMOAACPKHUBACTCS ITOCTOSAHHBIM.

/. Tlocne BeIkmrodenus Toka (depes 30 - 40 muHyT) d1mekTpox (KaToxn)
BBIHUMAIOT U3 COCYJIa, BTOPUYHO MPOCYIIMBAIOT W B3BEIIMBaIOT ero maccy (My).
Paznocts M, - M; = AM naet npupaiieHue Macchbl KaToa.

8. Io 3nauenuto AM (popmymna (7) BEMUCIAIOT BennuuHy uncna Oapazges. B
coenunennn CuSO,4 Menb AByXBaJleHTHA (Z = 2). Macca rpamm - atoma meau A =
63.54 1.

9. 3apsan snexrpona Beraucusercs no Gopmyse (9) B cucreme CU.
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3aoaua 6.
N3YYEHUE KOHTAKTHOI'O BBIIIPSIMUTEJIS.
BOJbT-AMIIEPHASI XAPAKTEPUCTUKA KOHTAKTHOI'O
BBIINTPSIMUTEJIS

Heab padoThi: U3yyeHUE NPUHIUIIA ACHCTBUS KOHTAKTHOTO BBIMPSIMUTEIS,
CHSITUE BOJIBTAMIIEPHON XapaKTEPUCTUKHA U KOA(P(GUIIMEHTA TOJIE3HOTO JIEHCTBHS
KOHTAKTHOTO BBIMPSIMUTEIIS.

IIpuHAAJIEXKHOCTH: CEJICHOBBIM BBINIPAMUTEIb, PEOCTAThl, BOJBTMETPHI,
aMIIEPMETPhI, MCTOYHUK IOCTOSHHOTO W IIEPEMEHHOr0 TOKAa, JBYXIIOJIOCHBIN
nepeKIIrYaTe b, MUUITHAMIIEPMETP, BAaTTMETP ocLuiiiorpad.

B 3aBUCMMOCTH OT IPaKTUYECKUX 1I€JIEN 4aCTO MPUXOJUTCS UCIOJIb30BaTh HE
MEPEMEHHbIM TOK, a TIOCTOSHHBI WJIM BBIOPSAMIICHHBIN TOK. Ilepeeoo
nepemMenHo20 MmoKa 6 NOCMOAHHBLIL MOK HA3bl6alom evinpamaeHuem. [t 3Tux
1enael UCIOoJIb3YIOT BBIMIPSMUTENM — YCTPOMCTBA, OOJaJarolue OJHOCTOPOHHEH
MPOBOAUMOCTEIO. B KauecTBe BBHINIPAMUTENCH HamboJiee 4YacTO Ha MPaKTHKE
UCIIOJIB3YIOT BaKYyYMHBIA JUOJ, MOJTYNPOBOJHUKOBBIN p-n MEPEXO] WM KOHTAKT
MeTa/lla C TMOJYNMPOBOJHUKOM M3BECTHBIM KaK KOHTAKTHBIA BBIIPSIMUTEIIb.
KOHTaKTHBIN BBINPAMUTEIL COCTOUT M3 JBYX DJIEKTPOJOB METAUNIMUYECKOTO U
MOJYTTPOBOJHUKOBOTO. s OTIPEICIICHHO BBIOpPaHHBIX MaTepuasoB,
COTNPOTUBJICHUE HA MECTE UX KOHTAKTOB (KOHTAKTHOE CONPOTUBIICHHUE) 3aBUCUT OT
BEJIMYMHBI M HaIpaBJICHUs TPUIIOKEHHOTO K HEMYy HampsbkeHus. PaccMoTpum
MEXaHHW3M 3TOW 3aBUCUMOCTH.

W3BecTHO, YTO MpU COMPUKOCHOBEHUU ABYX TeJ, OONANAIOININX PAZHbIMU
pabomamu evixooa y, IPOVMCXOJUT MEPETEKAHUE JICKTPOHOB M3 OJIHOrO Teja B
JPYroe Tak, 4TO AJIEKTPOHBI TeJIa ¢ MEHBIIICH pab0OTOM BBIXO/Ia MEPETEKAIOT B TEJIO
c Oonpmiet pabotod BbIxojga. Takum o00pa3oM, Ha TpaHWIE pasjena
METAJLJI/TIONYNPOBOJTHUK TEJIO € MEHbIIEH paboTol BbIXOJIA 3apsiKaeTcs
MOJIOKUTEIIBHO, a TeJIO ¢ Ooblel paboToN BhIXOAa — OTPUIIATEIILHO U HA TPaHULIe
MEXy IBYMsI TEJIaMU BO3HUKAET 080UHou 21ekmpuyeckuil caou ([JIC). Cxadok
noteHuana B J[OC paBeH pa3HOCTH paldOT BHIXOJIa KOHTAKTHPYIOIIMX Tell
Ay = ), — ¥, ¥ €ro Ha3bIBAIOT KOHMaKkmuoi paznocmoio nomenuuana (KPII). B

JIBOMHOM JJIEKTPUUYECKOM CJIO€, MT0JIe Ha KOHTAKTE HAIMPaBJICHO OT TeJia C MECHbIIICH
paboToii BBIXOJA K Temy ¢ Ooinbmieir pabotoit BeIxoma. [lpw sTOoM 3apsabi
pacrmoyiaraloTcsi HE CTPOro Ha TMOBEPXHOCTH (KaK OSTO TPHUHSATO CUATATH B
AJIEKTPOCTATHKE), & PACTIPE/ICTICHBI B IIOTPAHUYHBIX CIIOSX HEKOTOPOU TOJIIUHBI. B
MeTayuiax (W3-3a OOJBINOW TIJIOTHOCTH DJJIGKTPOHOB B HHUX) OJTOT 3apsf
COCpEI0TauMBACTCSI TIOYTH HA TTOBEPXHOCTH (B MPEAENIax OJHOTO - JBYX aTOMHBIX
cioeB, puc 1 a) m 0)), B MOJYyNpPOBOJHHMKAX K€ (BCICICTBUE WX MaJIOi
MIPOBOJAMMOCTH) JJIEKTPUYECKOE TOJIe MPOCTUPACTCS HAa 3HAYUTEIHHO OOJIBIIYIO
riryouHy. D¢ dEeKTUBHAS TOJIIMHA CI0S TMPOHUKHOBEHHS ITOJISI B MOJTYIIPOBOJTHHUK
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(TonmuHa OOBEMHOrO 3apsAga) IMpPU STOM MOXKET Ha HECKOJIBKO IOPSIKOB
MPEBBIIIATH TOJIIIUHBI IPOHUKHOBEHUS MO B METaJUI, puc.l B).

Ecnu MeTtasn HaxoquTCsl B KOHTAKTE C 271eKmPOHHBIM TIOTYTIPOBOIHUKOM (71-
TUM), paboTa BBIXOJA HJIEKTPOHOB KOTOPOTO MEHbIE, YeM paboTa BBIXOIa
AJIEKTPOHA W3 METaula, TO B STOM Ciy4yae Mpu OOpa3oBaHHM SJICKTPUUYECKOTO
KOHTaKTa (B YCIOBHUSX TEPMOJAUHAMUYECKOTO PABHOBECHUS) MEMalll 3apanicaemcs
ompuyamenvbHo, a B NOJIYNPOBOOHUKe B PE3yNIbTaTe YMEHBIICHHS KOHIEHTPALlUU
AJIEKTPOHOB, BOJIM3U TPAHUIIBI 00pa3yeTCs PaBHBIN 110 BETUIUHE NOJI0OHCUMETbHbL
3aps0. I10CKONBKY MJIOTHOCTH JIEKTPOHOB B CJIOE MOJIYNPOBOJIHUKA HA FPAHULIE C
METAJIJIOM OKa3bIBa€TCS MEHBIIE, YEM B €ro IiyOHWHE, TO U CONPOTUBJICHUE
IPUKOHTAKTHON oOsactu Oyzaer Oosiblie, YeM B TIIyOMHE MOJIYNpPOBOIAHHKA, IS
Iepexo/ia AIEKTPOHOB Yepe3 KOHTAKT 00pa3yeTcsi HEKOTOPBIH nomeHyua bHblil
oapwvep, puc.2.

Takoe Ha TpaHHIIe METAIUIA C ObIPOUHBIM TIOTYIIPOBOIHUKOM (p-THUI) MOXKET
CYIIECTBOBAaTh, €CIM COOTHOIICHHE MEXIy padoTaMH BBIXOJAa MeTala |
NOJIyIPOBOJHUKA OyAeT oOpaTHbIM, T.e. paboTa BbIXOAA OJJIEKTPOHA H3
MOJIyIPOBOJHUKA OyneT OoJiblle, 4eM U3 MeTaila, (CM. puc. 2).
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Z, Xm# x,  Nlongnpadodsux \, 7~
! oy b Memaia ft-muna ‘
“T - T Py
il // | N, = Eh A
s s NN y I Ly
e yu 7 Anyenmopel
a) /,{/ ' ////
: T 1% Wl "
| ) A X NN
,";,;”’;/;7 &5 I 9 Nlanynpodadnun
T p-min
RS o T Nanynpabadnun
;f/ - '//" /’.'//’// [~ \\\-.\ \\ ‘ i y ‘ﬂ N M
eman
4) ! Memanr
T N—+—77 .
! S
X, | Yy Y7 ; / /7/0/
! . A
i — e — E / s
.::-—*.'-'/,/74,')’,!7/"_,’ w'_'—"ﬂ—""‘ﬂ //
e A 7
, ,;, L ._;'; P e e For //
’.r..-;,/// r// n\\\\\:\\\‘:\‘\\
£)
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CJI0€B Ha KOHTAaKTE

MeTaJ/ IMMOJYIIPOBOJIHUK.
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Ecnu xe paboTa BbIXOZa U3 3JEKTPOHHOTO MOJIYNPOBOJHUKA OyJeT OoJiblIe,
9YeM U3 KOHTaKTUPYIOIIETro C HUM METajlia, TO MOTeHIIUAIbHBIN Oapbep, a BMECTE €
HUM U CJIOH C TIOBBIIIICHHBIM COMPOTHBIICHHEM HE 00pasyercs. Beneactsue aToro,
TENepb MOJYHIPOBOJHUK 3apsDKACTCS OTPHUIATEIbHO W B TMOTPAHMYHOM CJIOE
co3maercss M30BITOYHAs KOHIEHTpAlUs OJCKTPOHOB, BO3HUKAET CIOM C
TOHIKEHHBIM CONPOTHBICHHeM, Tommmuoi 10 - 10° cm. Dto mpakTudecku He
OKa3plBaeT  BJIMSHHE  Ha  TMepexoAa  DJJIEKTPOHOB  Yepe3  KOHTAKT
METaJLJI/TIOIyTPOBOTHUK.

Tenepp paccMOTpuM, Kak BIMSIET BHEIIHEE AJIEKTPUYECKOE IIOJIE,
IPWIOKEHHOE K KOHTAKTy METaLI\IOIyNpOBOAHUK. [1ycTh moie MpHUiiokeHo Tak,
4YTOOBl €r0 HampaBlieHUE ObUIO HPOMUEONOI0IHCHOE KOHTAKTHOW pPa3HOCTU
noteHuuanoB. [Ipm 3TOM pesynbTupylollee MoJie B NPUKOHTAKTHOW 00sacTu
ocnabeer, M OOBEMHBIM MONOXUTEIbHBIA 3apsii B I[OTPAHUYHOM  CIIOE
MOJyIPOBOJJHUKA YMEHBLIUTCS. OJTO MNPHUBEAET K YMEHBIICHUIO TOJIIMHBI, a
CIIEIOBAaTeNIbHO, M K YMEHBIICHHIO KOHTAaKTHOTO compotuBieHus. [lpu
JOCTHKCHUH HANpsDHKEHUS, PABHOTO IO BETUYHMHE (HO MPOTHUBOIOJIOXKHOTO TIO
3HaKy) KOHTaKTHOW pPa3HOCTH MOTEHIMAJIOB, OOBEMHBIN 3apsa Ha MOBEPXHOCTH
MOJTyTIPOBOTHUKA, @ BMECTE C HUM CJIOM MOBBIIIECHHOTO COMPOTUBJICHHS UCUE3HYT,
U CONpOTHBJICHHE Ciosi OyAeT paBHO OMHUYECKOMY  COIPOTHUBICHHUIO
NOJyIPOBOJHUKA. B pe3ynpTaTe, HanbHelWiee yBETUYEHHE ToKa Oyner
MPOUCXOANTHh IO JUHEHHOMY 3aKOHY. DTO HAmpaBJeHHE MOJsI COOTBETCTBYET
NPONYCKHOMY VIU HPAMOMY HAIIPABIICHUIO.

[Tpy npUIOKEHUU BHEILIHEro IO0Js, HANpaBJIEHUE KOTOPOTO COBMAAAET C
HaIpaBJIEHUEM KOHTAKTHOMW Pa3HOCTH MOTEHLMAJIOB, 00JACTh MOJOXKHUTEIBHOTO
00BEMHOI0 3apsja MOJYNPOBOJHUKA, T.€. 00JACTh MOHMKEHHON KOHIIEHTpAIUU
AJIEKTPOHOB, pacIIUpsieTcsl. OTO TNPUBOAUT K YBEIMUEHUIO KOHTAKTHOIO
COIPOTUBIICHHUS.

Takum 00pa3om, U3MEHEHHE KOHIIEHTPALUU JJIEKTPOHOB B MPUKOHTAKTHOM
o0JacTd TOJYNPOBOJHUKA B 3aBUCHMOCTH OT BEJIMYMHBI W HAMpaBICHHS
IPUII0’KEHHOTO HATPSOKEHUS MO3BOJISIET KauyeCTBEHHO OOBSICHUTH
OJTHOCTOPOHHIOIO (BBITPSIMUTENFHBIE CBOWCTBA) MPOBOAMMOCTH KOHTAKTa MeTajia
C TOTYTIPOBOHUKOM.

JIJis 3IEKTPOHHBIX TOIYMPOBOJHUKOB TPSIMOE HANpaBICHHE COOTBETCTBYET
JBUKEHHUIO SJIEKTPOHOB OT IMOJIYIPOBOJHUKA K METauly, IJISl JABIPOYHBIX K€
OpsIMOE HampaBJieHUE COOTBETCTBYET [BMKEHHUIO JJIGKTPOHOB OT MeTauiia B
MOJIYNPOBOJHUK, puc. 1.

TeopeTnueckne BBHIYHUCICHUS 3aBUCHMOCTH TOKa OT HAMpPSDKEHUS MPHU 3TOM
IPUBOIAT K hOopMyJie BUA:

_ al,
I1=1, (e 1 ) , (1)
rac |0, O - KOHCTAaHTBI, 3aBHCAIIUE OT CBOMCTB IMMOJYIIPOBOJHUKA H

KOHTaKTHOW Pa3HOCTU MOTEHLIMAJIOB (Pa3HOCTU pabOT BBIXOJ1Aa) MEXKAY METAIIOM
u nonyrnpoBoauukom, U.. CormacHo ¢opmye (1) B mpssmom Hanpasienun (U,>0)
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TOK pAaCTCT 3KCIIOHCHIHAJIBHO, IIPU AOCTATOYHO 00JIBIIIOM HaIIpAKCHUU BCIIMYMHA

e >1 U ~U . u popmyna MoxeT OBITh 3a[IMCAHA B BHIC I=1,e"
Inl=Inl, +aU, (2)
3aBuUcHUMOCTh B BUaE (Hopmynbl (2) ymoOHa JUIsl CpaBHEHUS TEOPETHUECKUX

XapaKTEePUCTUK C  OKCIEPUMEHTAIbHBIMU  pe3yibTaramu. llpu  3TOM,
IKCIICPUMEHTAIBHBIN rpaduk B cucteme koopauHat Inl ot U gomkHa 1aTh JTHMHUIO
¢ yrmom tga=AlIn1/AU .
Ynpa:xxkuenue 1.
H3zyuenue xonmakmuozo gvlnpamumers. Borbmavnepnas xapakmepucmuxu
CEeeH0B020 GbLINPAMUME]ISL
B nganHoit pabGoTe mpUHIUI  pabOThl  KOHTAKTHOTO  BBIIPSMUTENS
paccMaTpHBaeTCsl Ha OCHOBE CEJIEHEBOrO BbIIpAMUTENS. OH COCTOUT W3 JBYX
Pa3JIMUHBIX METAJUIMYECKUX DJEKTPOJOB U TOHKOTO CJIOS KPHUCTAJUIMYECKOTO
CeJIeHa, 3aKJII0UYEHHOr0 MEeXAy HUMHU (puc.3).
1-noanep kuBaroias 5 4
JKee3Has maioa;
2 — KOHTAKTHBIN et
. g f\\\“\\ SR
3IIEKTPOJ (cmoit [ ew b
HUKEJIA);

3 — cioii cenena, Puc.3. CxemaTnueckuii pa3pe3 CEJIEHEBOTO
BBITIPSIMUTEIIS.

4 — BEHTWIbHBIA JJIEKTPOJ; 5 — 3amuparoiuil CJIoW, BO3HHUKAIOIMIUNA Ha
IPAHUIE BEHTHJIBHOT'O 3JIEKTPO/IA U CEJICHA.

Cnoii cenena umeet Toamunay 0,05 - 0,1 Mmm. OHUM U3 JEKTPOIOB SABISAETCS
HUKEJIMPOBaHHAsl JKeJie3Hasl Iaiiba, Ha3blBaeMasi KOHMAKMHBLIM IIAeKMPOOOM.
Brtopoii a5ekTpos — éenmuibHblil, TIPEACTABISIET COOONW TOHKHM CJIOM TPOWHOTO
cIuiaBa JierkoruiaBkux metamioB (Bi—Cd—-Sn).

Y CeneHOBBIX BBIIPSIMUTENCH TMPSMOE HAMpPaBJICHUE COOTBETCTBYET
JIBIDKCHUIO JJICKTPOHOB OT BEHTHUJIBHOTO 3JIEKTPOJIa Uyepe3 CelieH K KOHTAaKTHOMY
AIEKTPOAY, T.€. COOTBETCTBYET MOJSPHOCTH: IUIIOC HA KEJIE3HOU Iaibe, MUHYC -
Ha CJIOE CIIaBa.

B mpsiMoM HarpaBlIeHHHM COMPOTUBJICHUE BHIIPSAMUTENS R, U3MEPEHHOE Kak
GYHKIUS TPWIOKEHHOTO HAMPSHKEHHUS, OBICTPO YMEHBIIAETCS, CTPEeMsICh K
MOCTOSTHHOW Benu4uHe. B 00paTHOM HaIpaBieHUU COMPOTHUBIICHUE BBIPSIMUTEIS
BHAYaJIe pPACTET, JOCTUraeT MaKCHUMyMma, a 3aTéM YyMeHbIIaeTcs. TunuyHas
3aBUCUMOCTh  JU(G(EpPEHIINATFHOTO  CONPOTUBICHUS  BBIMPSAMHUTENS  OT
MIPWIOKEHHOTO HAMPsOKeHUs n300paxkeHa Ha puc.4.
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R, Ont/cne= 4

1 [} [ Y N

o U, B

Puc.4. Puc.5.
KauecTBO BBIIPAMUTEIIS XapaKTEPU3YIOTCI KOA(PGHUIUECHTOM BhITpsMIIeHUs K
paBHOE OTHONIIEHUIO MPSIMOTO TOKa K TOKY OOpaTHOMY, HW3MEPEHHBIX MpH

npam

obpam Jy_cons

Ha puc.5 wuzoOpaxkeHna 3aBUCUMOCTh Kod(dduimeHnTa BeIIpsMiIeHUs K ot

aOCOJIFOTHOM BETWYMHBI HANPSKEHUS, MPUIOKEHHOTO K BhiIpsimuteno. C

yBEIIMYEHUEM HampsDKeHUs KOA(M(PUIIMEHT BBIIPSIMIICHUS OBICTPO  pacTeT,

JIOCTUTAET MaKCHMMyMa, a 3aTeéM YMEHbIIaeTcs. YMEHbIIeHHue Koddduimenrta

BBINPSIMJIICHUST C JAJbHEHIIIUM POCTOM HAMNPSI)KEHUS! BBI3BIBACTCS BO3pACTaHUEM
TOKa B 0OpaTHOM HaIlpaBJICHUH.

IIopsi/I0K BBINOJHEHNSI PA0OTHI:
1. Cobparp cxemy cormacHo puc. 6. 3aech ucTouyHHMK nuTaHus BC-24
WCMOJIb3YEMbIN B KAUYECTBE UCTOYHHKA TOKA, J[-CeeHeBbIN

OJIMHAKOBBIX 10 BEJMYHHE TIPSMOTO M OOpaTHOrO HampsukeHuit K =

BBIHpS[MI/ITeJ'IB.
+ - |
o r
un R
Puc.6. Puc.7.

2. Tlocne cOOpKU CXE€Mbl CHUMUTE TIOJIHYIO BOJBTAMIIEPHYIO XapaKTEPUCTHUKY.
CHsTHE XapaKTEpPUCTUKHM PEKOMEHIYETCS HAuYMHATh C MAaKCUMAaJbHOT'O TOKa B
oOpatHoM HampaBiieHuu (He 6osiee 50 MA). 3aTeM, yMEHbIIAsk MOCTEIEHHO CHITY
TOKa [0 HyJs, NEpeMEHUTh HampaBieHue Toka (mepexmouarenem II) u
MPOU3BOJIUTH JAJIbHEHIIEE CHATHE XapaKTepuUCcTUK BAX B npsiMOM HampaBJIEHUU,
NOCTENEHHO YBEIU4MBas CUiIy Toka 70 1.5 — 2.0 A.

Tak Kak cuja TOKa 4epe3 BBINPSIMUTEIL 3aBUCUT OT HAIPSKEHUS] HA HEM 10
HKCIIOHEHITNATFHOMY 3aKOHY, TO yJ00HEee MPHU CHATUU XapaKTEPUCTHKU 3a/1aBaTh
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OTIpEJICTICHHbIC 3HAYEHMs] CHJIbl TOKA, BEIUYMHBI MOJTYYAIOIIUX HaNpPsHKEHHM
OTCUMTHIBATh MO BOJIBTMETPY.

3. IlocTpoiite BOJIBTAMIEPHBIE XAPAKTEPUCTUKHM B  JIMHEWHBIX W
MOJTyTOTapu(PMUUECKIX KOOpAMHATaX. B ciydae NUHEWHBIX KOOPAMHAT MO OCAM
oTkianbBaoTcs | B MA u Hanpspbkenue U B B, mpudeM XapaKTePUCTUKH MPSMOTO U
oOpaTHOTO HaIpaBJICHUI HAHOCAT HAa OJHY KOOPAMHATHYIO CETKY, CUMTAs MPSIMOM
TOK M HaNpsKEHUE MOJIOKUTEIBHBIMU, OOpATHBIM TOK W OOpaTHOE HANpPSIKEHUE
oTpUIaTeNbHBIMU. B cimydae jorapudmuueckux KOOPAMHAT IO OCH OpJIWHAT
OTKJIQJIBIBAIOTCS JIOTapr(PMBbl aOCOIIOTHBIX 3HAYEHUN 00paTHOTO U MPSMOT0 TOKOB,
a 1o ocu adcuuce - abCo0THAS BeIMYrnHa HanpsbkeHus B BoabTax (Inl ot U).

4. Ilo mnomynorapudMUuecKOd KPUBOM JUIsI XapaKTEPUCTUKU TMPSIMOTO
HaIpaBJIeHUs HAlAUTE mapaMeTpsl ypaBHeHus (2): a u l,.

5. [octpoiite rpaduk 3aBucumoctu comnpotuBiieHus R=U/l BeimpsmuTens B
PSIMOM U OOpPAaTHOM HAaIpaBJICHHUIX OT HanpsbkeHus B koopauHarax (IgR ot U).

6. Tloctpoiite rpaduk 3aBucumMocTd Kod(hduimeHTa BhIpsMIeHUS K oT
HaMpsHDKeHUS (10 MAKCUMaJIbHO BO3MOJKHOT'O 3HAYEHUS MPSMOTO HANpsKEHUS) B
koopauHatax (IgK, U).

YnpaxHenue 2.

Tlonyuenue xapaxmepucmuxu 8pinpsamumens ¢ HOMOWbIO ocyuiiozpaga.

1. Cobepute cxemy cornacHo puc.7, rae T, - noHmkaromuil Tpanchopmarop,
R - peocrar ma 200 Owm, - uccienyemMblii KOHTaKTHBIA BBIIpsSMUTENH, O -
ocrmyuiorpad; ¢ paboToil KOTOPOro CileayeT O3HAKOMHUTHCS 10 WHCTPYKIIUH.
Ilepen BkItOUueHHMEM B ceTh ykazarenb ABvxkka JIATPA crmemyer moctaBuTh B
HavyaJbHOE MoJiokeHue. HanpspkeHne Ha conmpoTHBiIeHHHM R, mpornopiuoHanbHOe
TOKY, TEKYIIEMY 4Yepe3 BBLIIPSMUTEIb, MOABOAUTCS K KJIEMMaM BEPTUKAJILHOIO
OTKJIOHEHHUA ocuuiuiorpada. HamnpsokeHue ¢ BBIIPAMUTENS MOAACTCS HA IJIACTUHBI
TOPU30HTAJIBHOIO OTKJIOHEHUs ocuwuiorpada. Ilostomy mnyd mpu  cBoem
JIBIDKEHWW TI0 DJKpaHy 4YEpPTUT XapaKTePUCTUKY BBIIPAMUTEIS B CHCTEME
KOOPJAMHAT: 110 BEPTUKAIM TOK, IO TOPU30HTAIIN HAMPSKEHUE.

2. Bxutounte ocmwiorpad W UCTOYHUK TIEPEMEHHOTO TOKAa  WIIU
nabopatopHsbiii Tpancpopmarop (JIATP) momyumte Ha skpane ocmuiorpada
COOTBETCTBYIOIIYIO XapaKTEPUCTUKY. MeHss 4yBCTBUTEIHHOCTh OcHiuiorpada u
BETMUMHY HAIPsSOKEHUS Ha BBIIPSAMUTENE, MoAOepuTe Hamboee YyI0O0HYIO
HAOIOICHUIO KAapTHUHY. 3apUCyWTe TOJYyYEeHHYI0 KapTHHY Ha Kaibky. Ecim
XapaKTEPUCTHKA Ha KpaHe ocuuiuiorpada oKa3bIBaeTCs HEYJAOOHO MOBEPHYTOM,
TO TMEPEKIIOYEHUEM TPOBOAOB y ocuuiorpada ¥ y BBIIPIMUTENS HYXKHO
JTOOUTHCS OOBIYHON OPUEHTAIUU OCEeH KOOPIAUHAT ISl XapaKTEPUCTHUKH.

Ynpaxxkuenue 3.

Uzmepenue koagguyuenma noneznozo oeticmausi KOHMaKmHo20
BLINPAMUMEIA.
1. Cobepure cxemy OJHOMOIYIEPUOTHOTO BBITTPSMIICHUSI COTJIACHO PHUC.8.



W-BarT™meTp (BKJIIOUAETCS IO
cxeme, n300pakeHHOoU Ha puc.8. B- | @
BONBTMETp W A-ammepmerp R- | 3 W A
Harpy304HOE conporuBieHue | I | .
(peoctat Ha 200 Owm. S v R
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Puc.8. Cxema nns usmepennst KII1J]
BBINIPSIMHUTETIS.

2. Bxmounte ociumiorpad u ¢ nomouisio BYII-24 unu JIATPa mennenno

yBEJIMYMBAsl HaNpsHKEHHE, CHUMUTE 3aBUCUMOCTb MOKazaHwil ammepmerpa | u
BojbT™METpa U oT MomtHOCTH niepemeHHoro Toka W . (mpu u3MepeHusax CUIy TOKa
He yBennuuBarth cBbime 0,5 A).

3. Pe3ynbTarhl U3MepeHul 3aHectu B Tabiuily co cronduamu (BT), [, mA, U,

B, W, Bt, 1, %; rne W. MOIIIHOCTh Ha IEPEMEHHOM TOKE, U3MEPEHHAs BATMETPOM,
W_ MoOmHOCTh 1O MOCTOSIHHOMY TOKY, paBHas W _=I|--U-, a n - ko3 ¢duuueHt
HIOJIC3HOTO JIeHCTBUS, paBHbIH N=W_/W_

4, 3apHCYﬁT€ Ha KaJIbKYy B OCHUJIJIOI'PAaMM I BBIIPAMIICHHBIX TOKOB B 0,2

u 0,5A.
Jlureparypa

1. CasenbeB U.B. Kypc obmieit pusuku. - M., 1979. 1.3, I'n. 8. §§55, 57, 59,
. 9., §§ 60 - 64.

2. Kanmamaukor C.I'. DnekrpudectBo.- M., 1986. I'n. 19, §§151-153, 198, 203-
205.

3. CusyxuH /I.B. Kypc obOme#t pusuku.- M.,1977, I'n.7,8, §§104, 108, 100

4. ®dpum C.O., TumopeBa A.B. Kypc ob6meit ¢uszuxu. — M.: 2007. T.2.
I'm.XV1.§§ 168 -171 C. 174 —193.

5. Hacrosmee yaebHoe mocoodue, gacts 1. §9. C.74, §10. C.81.
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3adaua 7. N3YYEHUE JUDJIEKTPUYECKHUX CBOVICTB
CEI'HETOJ2JIEKTPUKOB

Hear  paGoTrbl: TONyYeHHME W  HU3YYCHHE TIE€TJIM  TUCTepe3uca

cerHeToMarepuara, U3YYCHHE TEMIEPaTypHO 3aBHCUMOCTH ero
JTURJIEKTpUYECKON npoHuiaemMoctu. Onpenenenne Touku Kropu.
Ipunaniexnocru: CETHETORJICKTPUK (BaTiOs), octruiorpad,

HarpeBaTeybHbIA 351eMeHT, JIATP wimm npyrold MCTOYHHMK TOKA, MOBBIMIAFOLIUN
TpaHcpopmaTop, STAJOHHAsE €MKOCTb, MAara3uH COINPOTUBIICHUI, TepMmomnapa,
U3MEPUTENIb EMKOCTH, MUKPOBOJIBTMETP WIIM IPUOOP VISl U3MEPEHUS TEPMOD/IC.

Cpenn JIUBJIEKTPAYECKUX MaTepUaIoB CYILIECTBYIOT BEILlECTBA
JIUDJIEKTPAYECKas IIPOHULIAEMOCTD, KOTOPBIX IIPU OIIPEIECICHHBIX YCIOBUSAX MOKET
JOCTUYb HECKOJBKMX ThICAY e€auHUL. MX nuanekrpudeckas NIPOHUIIAEMOCTH
aBigeTcsl (YHKIMEW HANps)KEHHOCTH BHEIIHErO  DJIEKTPUYECKOro MOJs U
Temneparypsl. [lepBoHauanbHO Takoe CBOMCTBO OBLIO OOHAPYKEHO Y KPUCTAIIIOB
CETHETOBOM COJIM, U II03TOMY BCE JUAIEKTPUKU TaKOTO pOJa MOJIY4YUIN HA3BAHUE
CETHETOIIECKTPUKHU.

CerHeTodJeKTpuKHU, Hampumep, TUTaHat Oapust BaTiOz; mmeror Oosnbmioe
IIPAKTUYECKOE TPUMEHEHHE, B CBA3U C UX IIMPOKUM IIPUMEHEHUEM, B YACTHOCTH,
JUISL U3TOTOBJIEHUS KOHAEHCATOPOB C HENIMHENHBIMU CBOVCTBAMH.

OpHONl M3 BaXHBIX CBOMCTB CErHETOMAaTEpPUAJIOB COCTOMT B TOM, YTO
3HAYEHUE DJIEKTPUYECKOIO0 CMEIIECHUSA B HUX OINPENEIAETCS HE TOIbKO BEINYMHON
M 3HAKOM HANPsKEHHOCTH II0JIA, HO 3aBUCUT €II€ OT IPEAUIECTBYIOINX
COCTOSIHUM IOJISPU3ALUMU, HO U OT TeMIepaTrypbl. B HEKOTOpOM TeMIlepaTypHOM
WHTEpBAJIE IUAJIEKTPUUECKasl IPOHULIAEMOCTh CETHETODIEKTPUKOB BECbMA BEJIMKA
u gocturaer mopsaka 10% emmmmu. Tlpm  TemmepaTypax, INpPeBBINIAFONIKX
ONPENEIICHHOE €ro 3HA4€HHE CETHETOXIEKTPUYECKHE CBOWCTBA MarTepuaia
MCYE3al0T U CErHETOAIEKTPUK MPEBPAILAETCS B OOBIYHBINA MOJISIPHBIN JUAIEKTPHUK.
Ora TemnepaTypa Ha3biBaeTcs Temreparypou Kropu nim toukon Kropwu, Ty.

TemneparypHas 3aBUCUMOCTb JHMDJIEKTPUYECKOM IPOHULIAEMOCTH IS
CETHETOBOM COJIM ITOKa3aHa Ha puc.l

Jnsa  pasmuuHblx  cerHeromarepuanioB T, pasnuuyHa.  [IpuuyuHou
BO3HUKHOBEHUSI CETHETODJIETPUYECKUX CBOMCTB SBIIAETCS CaMOIIPOM3BOJIbHAS
HOJIIPU3ALUS CETHETOAIEKTPUKOB, BOSHUKAIOIINX B HUX MOJ] IEHCTBUEM OCOOCHHO
CUJIbHOTO B3aMMOJIEHUCTBUS MEKY YACTULIAMH.
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Puc.2.

[Ton BAMsHMEM 3TOro  B3aMMOJCHCTBUS O0BEM  CETHETOKEPAMUKH
noJpa3feNisieTcss Ha OTAENbHbIE O001acTh (JOMEHBbI), B TNpeaenax KOTOPBIX
JUIIOJIBHBIE MOMEHTBI MOJIEKYJl OPUEHTHUPOBAHBI B OIIPENEICHHOM HAlpPaBIICHUH,
KaK 3TO IOKa3zaHO Ha puc.2. Korga KpucTamin CErHeTO3JEKTpUKAa BHOCUTCS B
AIEKTPUUECKOE II0JIe, MPOUCXOJUT MEPEOPUEHTALMsI JUMNOJIbHBIX MOMEHTOB
JOMEHOB M OH mnojspusyercsi. B Touke Kropu poMeHbl paspymarorcs,
CErHETOANEKTPHUK MPEBPAILAETCS B MOJISPHBIA JUAIECKTPHK.

Cxema W3MEpPUTENHHOW YCTAHOBKH [JJIS HW3YYEHUS CETHETOAJICKTPUKOB
IIPUBEICHA Ha pucC.3

A A
=

- Tp‘

Punc.3.

Ynpaxnenuel.

H3yuenue cucmepesuca cecnemoaiekmpuxa mumanama oapus
¢ nomMowbo ocyuniocpaga.

B kadectBe m3ywaemoro oOpasiia B paboTe HCIONB3yeTCs TUTaHAT Oapus
(BaTiO3) — mnactuhka amameTpoM B 10 MM M TOMIIUHOK | MM, KOTOPYIO
MOMENIAIOT  MEXIy  OoOkimaakamu  KoHaeHcatopa C,,  mociemoBaTeabHO
COEIMHEHHBIN C ATATIOHHOU eMKOCThIO Cy (KOHAEHCATOP C U3BECTHON EMKOCTHIO).
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Hannuue octatodHO# NoNsipu3aiy B CErHETOMAaTepraax MPUBOIUT K TOMY,
YTO 3aBHCHMOCTh MEXIY BEKTOPAMH TOJISIPU3AIMH ICKTPUISCKON HHAYKIHH D u
HaIPSHKEHHOCTH JIEKTPUICCKOTO oISl E He sSBsieTCs OAHO3HAYHON U 3aBUCHUT HE
TOJIBKO OT TPEABIAYIIECTO0 3HaUYCHUs E B MaHHBIT MOMEHT BPEMEHHU, HO M OT €ro
MPEABIAYIIEro 3HaYSHUs, KOTOPOE U3BECTHO KaK cucmepe3uc. JIjisi ero moiaydeHus
(3aBucumoctn D=f(E)) Ha »skpaHe ocmmwmuiorpada JJTOCTATOYHO TOJATh Ha
BEPTUKAJIbHO OTKJIOHSIOIIME IUIACTUHBI HampsbkeHue Uy,  IpomnopuuoHalbHOE
BekTopy uHAyknuu D (Uy~D), a Ha rOpH30HTANBHO OTKJIOHSIOUINE HANPSDKEHUE —
U, npomnopuuoHanbHoe HanpsokeHHocTH moist E (Uy~E).

Kak BuaHO 13 pucyHKa 3 0HO W Toke HampspkeHue U mopaercs Ha JeuTeh
U3 TIOCJEN0BAaTEeNIbHO COEIMHEHHBIX comnpotuBieHnii R; m R, u Ha
nocJieIoOBaTeNbHO coeMHeHHbIe KoHeHcaTopsl C, u C,.

NHaykiuysa »7IeKTpOCTaTUYECKOTO MMOJS BHYTPH  CETHETORJIEKTpUKA paBHA
MOBEPXHOCTHOM TUIOTHOCTH & 3apsiIOB Ha TUIACTUHAX KOHJieHcaTtopa D = 4, HO 6 =
q/S, rae S — mIomaab MOBEPXHOCTH OOKIIAOK KOHACHCATOpA, (| — 3apsij OJTHON U3
IUTACTHH 3TOTO KOHACHcaTopa, Tak 4to D =(/S. I[Tockonbky kouaeHcaTtopsl C, u Co
COCIMHEHBI TIOCIIEIOBATEIBHO, 3apsAabl HAa IUTACTMHAX OAWHAKOBHEL. I[loaTomMy
HarpspKeHue Ha KoHaeHcatope Cy paBHO

Uy=UC0 =QD/C0 (l)

Takum oOpa3oM, HampsbkeHne Ha KoHAeHcaTope Cy, mMmomaBaeMoe Ha
BEPTUKAJILHO OTKJIOHSIOIIME TUTACTHHBI  ocIuniorpada, MPOIOPIHOHATBEHO
BEKTOPY dJIEKTpUIECKON MHAYKIIH D.

Hanpsokenne Uy, Ha  TOPU3OHTAIBHO  OTKJIOHSIONIMX  TUTACTHHAX
MPOMOPIIMOHATIEHO HAMPSKEHHOCTH F, TOCKOJBKY B OJKCHEPUMEHTaX OOBIYHO
eMKOCTh KOoH7eHcaTopa Cy 3HAUUTENTHHO MEHbINEe eMKOCcTU Cgp, T.e. PAKTUYECKU
Bce Hamnpspbkenue U npusoskeHo k koHjeHcatopy Cy. ITO HampspKeHHE CBS3aHO C
HanpsbkeHHOCThI0 E cootHomennem E=U/d (d—paccTosiHue Mexmy IIacTHHAMH
kouaeHcaropa Co).

Ha skpane ocummiorpada, TakuM 00pa3oM, BO3HHMKAET TETISI THCTEPE3NCa,
rac Uyzle, szsz; k]_:S/Co, k2=d/(R1/R2+1).

Jiis BBITTOJTHEHUsT pabOThI BEIMUCISIOT Ky 1 K, o m3BectHeiM Cy, S, d, Ry m
R,.

Jlanee, 3Has UYYBCTBUTCIBHOCTH oOcCIuuiorpada B BEPTUKAIBHOM H
TOPU30HTAILHOM HAMpaBICHUAX, CTPOAT .rpaduk 3aBucumoctd D =f(E) mis
UCCJIEYEMOTO CETHETORJIeKTpUKa. [Ipu 3TOM MO OCHM OpAWMHAT OTKJIAIBIBAIOT
3HAYCHHUS B K/z\cmz, 10 ocu abermec — 3Havenus E B B/em®,

YnpaxHenue 2.

U3zyuenue memnepamypHotl 3a86ucumocmu. OUd1eKmpuiecKoll
NPOHUYAEMOCTNU Ce2HEeMOIIeKMPUKA.

N3yyenune 3aBUCUMOCTH AUDIIEKTPUIECKON MPOHUIIAEMOCTH OT TeMIIepaTyphl
NPOU3BOAST HA YCTaHOBKE, KoTopas u3o0pakeHa Ha puc.4. OTHOCUTENBHYIO
JTUDJICKTPHYECKYIO TIPOHUIIAEMOCTh & HaXOAUM, HCHONB3YS  (Gopmyny mis
TUTOCKOTO KOHJIEHCATOpa
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_ C,d _ C.d
2
S gy
rae d — TonmmHa, I —paauyc TabaeTku TuTanara Oapus. 3HaueHue Cy Oepercs
0 JIaHHBIM YTIpaXXKHEHUs | WK U3MEPSIOT ¢ MpudopoM

5

. e 50 1 — n3yqaemsblit oOpaser;
— 2 — TepMonapa;
- 3 \ 3 — HarpeBaTels,
* 4 4 — UCTOYHUK TIUTAHUS JJIS
6 ‘ 1 | Harpesarens (J1atp),
* 2 2 / 5 — raJgbBaHOMETP WJIH
Tee fe e P MHUKpOBOJIBTMETD;
' 6 — mpubop 175 U3MepeHus
{ oo
) 5 I
Puc 4.

HOpHIlOK BbBINNOJHCHUSA YIIPAKHCHHUS:

1. BKJIIOYAIOT HArpeBaTeNIbHYIO ME€Yb U YCTAHABIMBAIOT HAIpPsHKECHUE Ha
BBIXO/I€ UCTOYHHKA TOKA WM Ha JIaTpe;
2. KOHTpOIMpyeT u3Menenust Cx yepes kaxpie 1-2 °C 1160 1o npudopy
JUTSL K3MEPEHUsT eMKOCTH 1100 uepe3 aenutenb Cy/Co;
3. COCTABJISIIOT ~ COOTBETCTBYIOIYIO TaOmuily wusMepeHuir (dhopma
TaOIMILIBI TPUBEIEHA HIDKE).
4, CTpOAT rpaduK 3aBUCUMOCTH AMAJICKTPUYECKOW MPOHULIAEMOCTH OT
TEMIEPATYPHI;
S. 1o rpaduky Haxonat Touky Kropu.
dopma TabIUIIBI
Ne m\n U, mB °C Cy, 1D €
Jluteparypa
1. KanamnukoB C.I'. DnektpudectBo.- M.,1986. I'n. V. §§ 50-52. C. 101 —-110.
2. Cusyxun JI. B. Kypc obmeii puzuku.- M.,1977. § 39. C. 162.

3. @pum C.3., Tumopesa A.B. Kypc obmeit puzuku. — M.: 2007. T.2. I'n.1. §§
146 — 147. C. 97.

CagenweB 1.B. Kypc o6mieit puszuku. M.: 1977. T. 2.

5. Hacrosmiee yuebnoe nmocodue, gacts 1. §5. C43.

B
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3adaua 8. N3YYEHUE TEPMODJIEKTPUYECKUX SABJIEHUMN HA
KOHTAKTAX METAJIVIOB

Heab padoTbl: O3HAKOMJIEHUE C TEPMOSJIEKTPUUYECKUMH SIBIICHUSAMH Ha
KOHTaKTaX METaJlIOB.

IIpuHaNIeKHOCTH: METAIUIBI JJISI COCTABIICHUSI DJIEKTPUUECKON LIENH (CEJIEH,
BUCMYT), MaTe€pUalibl JJIsl U3TOTOBJIEHUSI TepMoONap, PTyTHBIM TepmomeTp 10 100 0
C, wnarpeBaTenb, HWCTOYHUK THUTAHUS, MHUKPOBOJIBTMETP WIM Tpubop As
U3MEPEHUs TEPMOIJIC, aMIIEPMETP MOCTOSTHHOTO TOKA.

[110THOCTH 3JIEKTPOHHOTO Ta3a (CBOOOJHBIX AJEKTPOHOB) BHYTPH METAJIIOB
npuGmsuTensHo pasHa (10%- 10%°)/em™®, a HOBEPXHOCTHOCTh METAILIA HPH STOM
UIPaeT pojb CTEHKH COCYJd, B KOTOPOM HaXOAATCS 3JEKTPOHBbI. 1Ioka anekTpoH
HaxXOAMUTCS BHYTPU MeETajula, CUJIbL, JIEHCTBYIOIIME HAa HEro CO CTOPOHBI
MOJIOXKUTEIILHBIX HOHOB HAXOJAIIUXCS B Yy3JlaX KPUCTAJUIMYECKOW PpEIIETKH,
HaIpaBJICHbl BO BCE CTOPOHBI M B CPEIHEM B3alMHO YypaBHOBEUIEHbI. Ecim xe
ANEKTPOH OKazajcs 3a I[peaejaMd MeTajla, TO Ha HEro cO CTOPOHBI
MOJIOKUTENbHBIX HOHOB JIEMCTBYIOT CHJIbI, HANPABICHHBIE TOJBKO BHYTPb
Metaia. TakuM oOpa3oM, BOJM3M MOBEPXHOCTHOTO CJIOSI MeTajia o0pasyercs
ANeKTpUYecKoe 1noJie. Bektop £ B 3TOM Cl10€ BO3pACTAET 10 HEKOTOPOTO 3HAYEHUS
Ey v 3aTeM yObIBaeT 0 HyJsl Ha OOJBIIMX PACCTOSHUAX OT Tejaa. DTO O3HAYAET,
YTO B TMOBEPXHOCTHOM CJIO€ MeETajljla CYIIECTBYET MNOTEHUUAIbHBIA Oapbep,
(moTeHIMAbHAS DHEPTUsl DJICKTPOHA Ha OOJBIIMX PACCTOSHUSAX OT MeTalia
MPUHSITA CYUTATh PABHOM HYJIO, & BHYTPU MeTallla - OTPUIATENILHON BEIMYUHE,
paBHoii Up). Jli1st TOro 4ToObI 2JIEKTPOH MOT MPEOJOJICTh CHIIbI, IIPUTSTHBAFOIIIEC
€ro K MOHHOM pelleTKe MeTayia, T.e. MPOWTH uepe3 MOTEHIMAIbHBIN Oaphep B
MOBEPXHOCTHOM CJIO€ U YAAIUTHCS U3 METaJlIa, HEOOXOJUMO 3aTPaTUTh HEKOTOPYIO
sHepruro. MakcumanbHas KHHETHYECKash SHEprus, KOTOPYI0 MOXET HMETh
AJIEKTPOH BHYTPU MeETajula, HEJOCTaTOuHa AJis 3Toro. IloaToMy A mpeoosieHus
noTeHuuagbHoro 6apbepa Uy K 3JIEKTpOHY HEOOXOIUMO KaKMM-HUOYAb 00pazoM
COOOIIUTH €MY JOIMOJHUTEIBLHOE KOJUYECTBO AHepruu. Pabora, KoTopas JoJIKHA
OBITh 3aTpayeHa Ha OCBOOOXKICHHUE DJIEKTPOHA U3 METallla, Ha3bIBACTCS padomoi
6bIX00a WV SIBJSIETCS OJTHOM M3 BaXKHBIX XapaKTepUCTUK Merayuia. OHa cBs3aHa C
AIEKTPUYECKUM IOJIEM B IOBEPXHOCTHOM CJIO€ METaJlIa:

¢ ¢ A
A:jeA(ﬁ)dx; _[E(x)dng; (1)
0 0
IJle WHTETPUPOBAHUE BJOJb JFO0ONW TPACKTOPUH JOJDKHO TPOU3BOIUTHCS OT
KaKOM-HUOY/Ib TOYKH, B3SITOM BHYTPH MeETaIa, JO TOYEK, PaCIOJIOKEHHBIX
JIOCTATOYHO JaJIEKO OT €ro TMOBEPXHOCTH (HAmpuMep, Ui YUCTON TTOBEPXHOCTH
BoJIb(ppama 3Ta pabora paBHa 4,5 5B, a y apyrux (YMCTHIX) METAUIOB 3Ta paboTa
KosiebJieTcst B mpezenax ot 1,8 1o 5,3 3B).
Ecnmm moBepxHOCTh OmHOTO MeTauta (1) IpHBECTH B CONMPHKOCHOBEHUE
(KOHTaKT) C MOBEPXHOCTBIO JPYroro Meramia (2), TO MPOUCXOIUT MEPETCKAHUE
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AJIIEKTPOHOB M3 OJIHOTO MeTajula B JPYIroOil, BCIEICTBHE YEro OJMH M3 HUX
3apsKACTCS MOJIOKUTENBHO, APYrod - OTpHUIATEeNIbHO. BO3HMKaromas mpu 3ToM
pPa3HOCTh MOTEHIMAIOB MEXJy CONPHUKACAIOIIMMHUCA TEIaMH Ha3bIBAETCS
KOHMAaKmMHOU PA3HOCMbI0 NOMEHYUAI08.

[losiBIeHME KOHTAKTHOM pPa3HOCTH TNOTEHUMAJIOB OOYCIOBIEHO JABYMs
MIPUYIUHAMH:

1) paznmuariem B paboTax BBIXOJA (A) 3JEKTPOHA U3 METAILIOB, MPUBEACHHBIX
B CONPHUKOCHOBEHHE. B 3TOM ciydae CHIIbl, JEHCTBYIOIIME Ha 3JIEKTPOHBI B
NOTPaHUYHOM 00JacTM CO CTOPOHBI HOHHBIX KapKacoB OOOMX METaslioB
(HampaBJICHHbIE B MPOTHUBOIOJIOKHBIE CTOPOHBI), HE YPABHOBEIICHBI U TMOITOMY
BBI3BIBAIOT IIEPEXO/ AJIEKTPOHOB U3 OJJHOTO METAJLIA B APYIOW;

2) pa3Ir4yreM B TUIOTHOCTSX (N) 3JIEKTPOHHOTO ra3a B METajliaX, BCICACTBHUEC
4Yero BO3HHMKAeT AU(PPY3HBIN MEpexo] IIEKTPOHOB U3 MeTaija, IJle IUIOTHOCTh
ATOTO rasza 0oJiblliasi, B METAJI, T/I€ 3Ta IJIOTHOCTh MEHBIIIE.

PaccMOTpuM B OTJIENBHOCTH IEUCTBUE KAXKIOH U3 3TUX PUYMH:

1. Ha 3JIEKTPOH, OKA3aBUINICS B

MOTPAaHUYHOM 00NacTH (MEXIy MOHHBIMH
pemieTkaMu  000UX METAJJIOB), JIEUCTBYIOT
anekTpuueckue mnons E; m E,, co3maHHbIe
MOBEPXHOCTHBIMU  CJIOSIMM  KaXAO0r0 U3
METaJJIOB u HaIpaBJIeHHbIC B
IPOTHBOIIOJIOKHBIE CTOPOHBI. CymMma

Puc.1.

BEKTOpOB E; 1 E>0TiMYHA OT HyJIA, U TO3TOMY Ha 3JIEKTPOH, OKa3aBIIMNCS B
aTO oOnactu, Oyner JeiCTBOBaTH HEKOTOpas pe3yJNbTUPYIOIIas Cuja,
HalpaBJICHHAas B CTOPOHY OJXHOro u3 MerauioB. Ha puc. | mokas3aHbl MOHHBIE
pemeTku AByX MeTauioB (1 u 2) ¢ pa3nuyHbIMU 0ObEMHBIMU IJIOTHOCTSIMU HOHOB.
O4eBUIHO, HA BJEKTPOHBI, OKa3aBIIMECS B MOTPAHUYHON OOJACTH, CO CTOPOHBI
Metaima (1) OynyT AelcTBOBaTh MEHBIIIME CUJIBI, YEM CO CTOPOHBI MeTauia (2),
uMerolero Oosiee IUIOTHYIO HMOHHYIO pEIIeTKy; padoTa BbIXOJA d3JEKTPOHA M3
meTaiia 1 (A;) Oyaer MeHblie, yeM U3 Metaiuia 2 (A4,). Ecim ny = ny, To BeaeaCTBUE
TEIJIOBOrO0 JBWXKEHUs 00a Merayuia OyIyT MOChUIaTh B TOTPAHUYHBIA CJOU
onvHakoBoe 4ucio 37eKTpoHOB N. M3 stux 2N s1exkTpoHOB Oosibliasi 4acTh
BTATHBaeTca B MeTayn 2. Takum oOpa3oM, M3 NOTPAaHUYHOTO clios MeTamt 1
MOJTy4aeT MEHbIIE JIEKTPOHOB, YEM MOCHUIAET CaM, a METasll 2 - OOJIbIIIE; EPBbI
3apsKAETCS MOJIOKUTEIBHO, BTOPOW - OTPUUATENBHO. DTO BBI3OBET IOSIBJICHUE B
NOTPAaHUYHON O0JACTU @HeutHe2o rNeKmpuuecko2o noaa E, HanpaBiIeHHOTO OT
MOJIOKUTENBHO 3apsDKEHHOT0 METalla K OTPUIATENIbHO 3apsSKEHHOMY; OHO OyzeT
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IPEMSITCTBOBATh YKa3aHHOMY BBIIIE TIEPEXO/Y AJIEKTPOHOB OT OJHOTO MeTajia K
npyromy. ITpu sTom muTerpan JEAX Gyaer paBeH pasHOCTH MOTEHIHATIOB 0OOMX
METaJIOB — KOHTaKTHAash Pa3HOCTh IOTEHIMAIOB, OOYCIOBJICHHAS pPAa3HOCTHIO

paboT BBIXOJa, TOATOMY e¢ OyeM 0003Ha4YaTh yepes ((Pl —Q, ) A . O4eBUIHO, UTO

((Pl _(Pz) A :_(A1 —Az)/e, rae 3Hak '"MuUHYC" y4yHTBIBaeT 3HAK 3apsja
AJIEKTPOHA.

2. PaccMOTpUM KOHTaKTHYHO Pa3HOCTh MOTEHIIMAJIOB, KOTOpas BBI3BIBACTCS
pazIMyueM IIJIOTHOCTEH JJIEKTPOHHOro raza B Meramuiax. Jlomyctum, 49ro y

COIIpUKACAIOINNXCA MCTAJIIIOB pa6OTI)I BbIXO/J[da PAaBHBI (Al = Az), HO 4YHcCJia

CBOOOJHBIX DJIEKTPOHOB B eauHKIE 00beMa omuatores (N, #N,) . Ilpu N, # N,
KOKIBIM M3 METAUIOB OyAET €KECeKYHIHO TOCHUIATh B TIOTPAHUYHYIO 00JIACTh
paznuuHble KonuuecTBa HMEKTpoHOB N3 m N, Tak kak B 3Toil oOnactu
OJIHOCTOPOHHE JCUCTBYIOMIMX CUJl Toka HeT, To u3 N; + N, 3JeKTpoHOB,
©KECEKYHIHO TIOCTYMAONMX B ATy 00IacTh, IMOJIOBUHA OyAET BTIHYTa B OJUH
MeTasul, Apyras MOJIOBUHA — BO BTOpOM Metayl. Takum oOpa3oM, U3 TMEPBOTO
MeTalula eXeceKyHAHO BbIXomsaT N; smektponoB, a moctymaioT (Ni+ Nj)/2
AJIEKTPOHOB; pa3HUIA MEKY STUMHU YKCIaMHU BBI30BET HEJAOCTATOK WA U30BITOK
AJIEKTPOHOB B JIAHHOM METaJUIe, T. €. €r0 MOJOKUTEIbHYIO WIN OTPUIATEIHHYIO
3apsaky. Bropoii metann npuoOpeTaeT MpOTHUBOMOJIOKHBIN 3apsii. BeneactBue
ATOTO TOSBUTCS JJIEKTPUUECKOE Toyie F, HampaBlIeHHOE OT IMOJOKUTEIHLHOTO
3apsHKEHHOTO METajlla K OTPUIIATEIbHOMY, KOTOPOE CO BPEMEHEM MPUOCTAHOBUT
niddy3uro 2JIEKTPOHOB M3 OJHOTO MeTaula B jApyro. B 3Tom ciiydae B
MOTPAHUYHOW O0JIaCTH MEXIy MeTaUlaMd Tak)Ke BO3HUKAET KOHTAKTHOE
AJIEKTPUYECKOe Tojie £, KOTOpOe MPENATCTBYET BBIPABHUBAHHUIO TUIOTHOCTEH
AJIEKTPOHHOTO Ta3a B MeTa/ulaX. BHyTpH 3TOH 0071aCTH MJIOTHOCTh 3JIEKTPOHHOTO
ra3a JOJDKHa HM3MEHATBHCS OT 73, B OJAHOM MeETale, MO0 #; - B JPYIrOM C
pacripenierieHueM (1o 3akoHy bosbimMana)

n, =nexp(—AIT),
rne A paboTa mepeHoca SJEKTPOHA Yepe3 MOTPaHUYHYI0 00JIaCTh, paBHAs

e((ﬁl - (Dg)n rme Y, u @, - NOTCHIMAIBI METAUIOB IIOCJIE HACTYIUICHUS
PaBHOBECHOTO COCTOsIHUA. Toraa
A=e(p, —9,), =kTIn(n, /n,); (¢, —p,), =kT'leln(n, /n,) 3)
rie K - moctosinas boabimana, T - abcomoTHAS TeMIiepaTypa METaJljIoB.

O4eBUIHO, €CIM CYIIECTBYIOT O0€ NPUYWHBI, BBI3BIBAIONINE KOHTAKTHYIO
Pa3HOCTh MOTEHIUAIIOB, TO

((Dl_(”z):_(A&_Az)/e+kT/e|n(n1/n2)- 4)

N3 Belpaxkenust (4) ciaemyer, YTO €CIIA MUMEETCS CHUCTEMa M3 HECKOJbKUX
Pa3HOPOJIHBIX TPOBOJHUKOB, COCTABISIIOMIMX 3aMKHYTYIO LI€Mb, B YCIOBHUAX
TEPMOJAMHAMUYECKOTO PABHOBECUSI M B CHUCTEME HE MPOUCXOIUT XHUMHUUYECKHUX
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U3MEHEHUH, TO B 3aMKHYTOM 1enu (CM. pHUC.2 a) KOHTAaKTHbIE Pa3HOCTU
TIOTEHITAJIOB HE MOTYT BBI3BATh 3JICKTPHUECKOTO TOKA (3aK0H BoJibTa).

2 | O
1 J 12 3 4« |5
Tz Bz ) B
A 1 Z
; T, 7
a) Puc.2. 0) Puc.3

Ecnu Takas nens pazomMkHyTa (cM. puc.2 0), TO pa3HOCTb MOTEHLUATIOB MEXY
KOHEYHBIMU TIPOBOJHUKAMU OIPEACIACTCS TOJBKO MAaTepUAIaMU KOHEYHBIX
IPOBOJHUKOB U HE 3aBUCUT OT IIPOMEKYTOUHBIX MaTEpHUaJIOB — OHAa OyIeT TOYHO
TaKOM K€, KaK U MPU CONPUKOCHOBEHNH OJHUX TOJBKO KpalHUX MPOBOJHUKOB. B
JTOM CIIy4ae

f,—f,=—(A —A,)/e+kT/eln(n,/n,). (5)

O‘-IGBI/II[HO, CCJIN KpaﬁHHe HpOBOI[HI/IKI/I COBepH_IeHHO OAMHAKOBBIC, TO
A=A,n=n,uf -1 =0,

[Ipy HamMuuu pasHOCTEM TEMIIEPATyp B 3aMKHYTOM LEIMHA BO3HUKAET

ANEKTPUUYECKU TOK. PaccMOTpUM CHUCTEMY M3 IBYX Pa3jIMYHbIX METAUIOB | u 2,
KOHTAaKThl (Clav) MeXIy KOTOPBIMH HAaXOASTCA MPU Pa3IUYHBIX TEeMIEpaTypax

(puc. 3). Torma pasHOCTh MOTEHIMATIOB P; — (P, , BOBHUKAIOIIAS B MECTE€ KOHTAKTa C

temneparypoit 73, OyJdeT OoTiau4aThCsi OT PAa3HOCTH MOTEHUHAIOB @) — @, B
KOHTaKTe C TeMIeparypou T».

Jomyctim, uto paboThl BeIxoAa A; M A, ¥ IUIOTHOCTH DJIEKTPOHOB /1, W 1y HE
M3MEHAIOTCS ¢ TeMIEpaTypou, TorJaa CyMMapHasi pa3HOCTh IMOTEHIIMAIOB MEXIY
toukamu B u C (pu pa3oMKHYTOH 11enH) OyIeT paBHa:

— A, KT n
00 =0, 0) + (0~ ) =B Ceain ) ¢
2
A Sl WL LEST USRS S S SRS e S TR )
e e n e n,

OTa pa3HOCTh NOTEHUUAJIOB SBJISIETCS AIEKTPOABUKYILIEH CHIION, HA3bIBAEMOM
MepMOINEKMPOOGUIICYuiell  CUNol, a CUCTEMY, HW300paKEHHYI0 Ha puc.3, -
mepmodnemenmom. OYEBUIHO, €CIM JUIA JAHHBIX JBYX METAUIOB HM3BECTHA
noctossHHas C TEpPMOAJEKTPOJBIDKYIIEH CHIIBI, TO BbIpaxkeHue (6) MOXKHO
NepennucaTh

e=C(T, -T,). (7)
Takum oOpa3om, U3Mepsis € U 3HasI TEMIIEPATYPy OJHOTO M3 CIIaeB, HAIIPUMEP

7>, MOXXHO OmpeAEeauTh TeMmneparypy 131 cpelbl, B KOTOPOM HAXOIWTCSA APYrou
cnai. OTHM TMOJB3YIHOTCA IS U3MEPEHHS OYEHb BBICOKMX W OYEHb HHU3KUX
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TEMIIEPATYp, a TAKKE JII U3MEPEHUs TEMIIEpAaTyp B TE€X MECTaxX, I/I€ HENb3d
UCIIOJIb30BaTh OOBIYHBIE PTYTHBIE TEpPMOMETphl. Bemmuumna mnocrossHHON C
COCTABJISIET MUKPOBOJIBTHI HAa OJIMH I'paayc pa3HOCTH TeMiiepaTyp. Hanpumep, ms
TepMOdJIEMEHTa 13 JKenesa n KoHerantana C— 5,2-10° B/rpay.

Cnengyer 3aMeTwM, 4YTO U3MEpeHUE A TO3BOJSET HAWUTH OTHONIICHUE
IUIOTHOCTEM 3JEKTPOHHOI'O Tra3a B KOHTAKTHUPYIOIIMX METAIaX, IOCKOJIbKY

C=k/exIn(n/n,).

Yupaxuenue 1.

I'paoyuposka mepmonapul.

['panynpoBka TepMmomapsl MOXKET ObITh IPOU3BEAEHA MPU MOMOIIU CXEMBI,
IIPUBEJCHHON HAa pUCYHKE 4, rae I NOoAJIep KaHWs IOCTOSHHOW TEMIIEpaTyphl
XOJIOMHBIN crail "g" morpyeH B TawlUil JieJ B CTEKISHHOM cocyae (s
KOHTPOJISL TEMIIEPATYphl COCY CHA0XEH PTYTHBIM TepMOMeTpoM). ['opsumii craii
"g" Tax)ke TOMEIIAeTCsl B MOJIorpeBaeMblii cocya ¢ Bogon. Cocyn ¢ BOJOi uMeeT
3JIEKTpOHArpeBaTeslb U CHa0XKeH TepMOMETpoM ' 1 Memankoi M.

Puc.4.

J{nst TpamyupoBKH TEpMOMNaphl COMPOTUBIICHUE R BBIKIIOYAIOT U3 LeNH (Tpu
MIOMOIIIM KOHTAKTHBIX KITFOUCH).

Bxirouaror asnekTpoHarpeBaTelb U B TEYEHHUE BCETO IMEPHOJIA HArpeBAHUS
BOJIbl Pa3MELIMBAIOT Mewankou. Uepes kaxzapie S °Cc PETUCTPUPYIOT IMOKA3AHUSA
raibBaHoMeTpa G mim MUKpoBosibTMETpa [lanee ctposar rpaduk, OTKIaaAbIBas 1O
ocu abCIMCC MOKa3aHUs TAIbBAHOMETPA, a TI0 OCH OPJMHAT - Pa3HOCTh TEMIIEPATYP
MEXTy OOCUMU CTIasiMU TEPMODJIEMEHTA.

Ynpaxnenue 2.

Onpeodenenue mepmodIeKmpoOSUNCYeti CUTbL.

YhpaxHeHUE BBIIOJHSIIOT HAa TOM JKE€ YCTAHOBKE, 4YTO W [JII TIEPBOTO
ynpaxkHeHus (puc.4). Ilpeamonoxxum, 4TO XOJIOAHBIA U TOPSAYUN CIAal UMEIOT
TeMriepatypsl t; u t,. Eciiu conportuBieHue R BBIKIIOUEH U3 LIETH, TO TOK, UAYIIHMA

g
yepe3 rajbpBaHoMeTp Oymer paBen |=——=kn rne Rg - comporusieHue

Rs

rajbBaHOMETpa, TEPMOMapbl W TOABOMAIIMX TPOBOAOB, K - IieHA JeJeHHUs
rajbBaHoMeTpa G, #n-4ucio IeeHni, yKa3biBaeMbIX TaIbBAHOMETPOM.
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ECJ'IPI, HC U3MCHAA TCMIICPATYPLI CIIasl, BKIIFOYUTH BHCIMHCC COIIPOTUBJICHUC R

o I __ _ !
(IpM MOMOINM KOHTAKTHBIX Kiroueit), To | = =kn" . Uckmouas wu3

Rs +R

nn
n—-n'

MOTYYeHHBIX ypaBHEHHH Rg, Haiizem & =K R. CpapmmBas mocnennee

BhIpakeHue ¢ popmyioit (7), nist C nmoaydum
_ kR n'n
t'—tn-n"" ®

D Kk ciepuMeHTaIbHO C OMPEENIOT CIEeIYIOINUM 00pa3oM: YCTaHABIMBAIOT
HEKOTOPYIO TeMmIieparypy Boisl t' (It 3TOro 3JIEKTPOIUTMTKY BBIKIIOYAIOT U
BBDKHMJIAIOT HECKOJIBKO MHUHYT, TIOKa TEMIIepaTrypa BOAbl B COCYJ€ HE MEPECTaHET
NOBBILIATECSA). OTMEYarOT TMOKa3aHUs # TrajJbBaHOMETPA M PETUCTPUPYIOT
Temrepatypy t'Harperoro cras. BKIrodyaror B 1€l CONPOTHBIICHHE R U 0TMEYaroT
HOBOE TOKa3aHue ranbBanomerpa N'. [TokasaHus rajibBaHOMETPA JOJKHBI OBITH
CHSATBI CTPOTO TIPH TO# ke Temiieparype t', uTo u mokasanus n.

OTCUMTBIBAIOT IO TEPMOMETPY TEMIIEpATypy XosoaHoro cnas t. Beraucisem
no gopmyse (8) TepMOAIEKTPOABIKYILYIO cuity C, BOZHUKAIOUIYIO NPU Pa3HOCTU
temriepatyp 1°C (B MUKpOBOJIbTaX Ha IPAIYC).

Lonoanumenvroe 3adanue

1. [Iponymaiite u mnpemnoxure cxeMmy mia onpeaenenus OJ(C

TepMOnapbl METOJIOM KOMIIEHCALIUU HA PEOXOP/IE.

Jlureparypa

1. CasenweB 1.B. Kypc o6mieit puszuku. - M., 1979. T.3, rn. 8. §§ 55, 57, 59, I'n.
9., 8§ 60 - 64.

2. Kanamaukop C.I'. DmekrpudectBo.- M., 1986. I'm. 19 §§ 151-153, 198, 203-
205.

3. CuByxuH [[.B. Kypc o6mie#t hpuzuku.- M.,1977, I'n.7,8, §§ 104, 108, 100

4. ®pum C.0., Tumopena A.B. Kypc o6mieit dusuku. M.: 2007. T.2. I'n.XV1.
§§ 168 - 171 C. 174 — 193.

5. Hacrosimee yue6Hoe nocodue, yacts 1. §10. C.81.
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3aoaua 9.
ITPOBEPKA 3AKOHA OMA JIUIAA HEPEMEHHOI'O TOKA.
MN3MEPEHUE KOO®OPUIMNEHTA CAMONHAYKIUU N EMKOCTH
Leab padoTbl: O3HAKOMJICHHE C TMPUHIUIOM H3MepeHHsl Kodd¢uimeHTa
CaMOMHIYKIIMH, EMKOCTH KOHJIEHCATOpa, MpOBepKa 3akoHa OMma J1sl IEPEMEHHOTO
TOKA.
IIpunagnexnocTu: UCTOYHUK Toka BVYII-24M, ammepmerp, BOJBTMETD,
peocTaT, Mara3uH €eMKOCTEW, HHIYKTUBHOCTb, IBOWHOW U OJUHAPHBIE KIIIOUH

Ecou x KOHIIAM ITPOBOAHHKA C AKTHBHBIM COIIPOTHBJIICHHCM RO IIPpUIIOKCHA
IICPCMCHHAsA JJICKTPOABHMIKYIIAA CHIIA, BCIMYHHA KOTOpOﬁ B Ka)K,HBIfI MOMCHT
BpCMCHH t OIIPCACIACTCA YPAaBHCHHUCM

U(t)=U,sin ot (1)

rne Uy - aMIUIMTyJHOE 3HAueHWe HanpskeHus, a (O = 27TV - kpyrosas
4acTOTa, TO B HEM BO3HUKAET NMEPEMEHHBIN AIEKTPUUYECKUN TOK, CHJIa KOTOPOTO B
TOT K€ MOMEHT BpPEMEHHU omnpeiensaeTcs mo 3akony Oma

I(t):ﬁsin ot =1,sin ot (2)
RO

I
R, =p—
rae Ry pS

YAEIBbHOE CONPOTUBJICHUE TPOBOJHUKA.
CooTBeTCTBYIOIIME IEKTpUUECKas cxema, rpaduk 3aBucuMoct Toka u 3/[C
OT BPEMEHU, U BEKTOpPHAS JuarpaMma MpUBEACHBI Ha puc. .

E| A A I U=LRo
v 1

(&)

— AKmueHoe conpomuejieHue, I, Swu p — HJIKnHA, CCYCHUC U

Puc.1.

Ecnu e nomMuMMO akTHBHOTO CONpOTHBIEHUS R, B 1enu umMeercs
WHIYKTUBHOCTh, XapakTtepusyemas Kod(hdUIMEHTOM caMOuMHAyKuuu L, To mon
JNEUCTBUEM TOM K€ DIICKTPOABUIKYILEHU CUIIbI BOSHUKAET TOK CUIION

1(t) =1, sin(ewt —¢) (3)

CoOTBETCTBYIOIIUE AIEKTpUUECKas cxema, rpaduk 3aBucuMocTu Toka u IJ1C
OT BPEMEHU, U BEKTOPHAs Juarpamma MpUBEICHbI HA puc.2.

W3 5TON BEKTOPHOU TUArpaMMBI CIEAYET, YTO

U 0 U 0 U 0

Iy = - - o 3a
" RZ+R?  Ri+(al)? Z (2)
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@ - ciBuT (a3 MEKLY TOKOM U HAIPSDKCHHEM, OTIPeIeIseMblii 1o hopmyIie

Lo
tgp=R /R, =—. (30)
R0
Bemmunna oL =R, HocuUT Ha3BaHUE pPeAKMUBHO20 UHOYKMUBHOZ0
CONPOMueIeHUAL.
1]
o - _Ua=IR. _

N e /A
N7

o
A

Puc.2.
N3 comnocraBnenuit ypaBHeHuit (1) u (3) cimemyeT, 4TO B 3TOM Clydae TOK

OTCTAST 10 (a3e OT HATIPSIKEHNUS HA BeMHUHHy @

B Boipaskennn 3(a) Z =R{ +(aL ) (3B)

HOCHUT Ha3BAHUE MOJHOT'O COMPOTHUBIICHUS ISl LIENH IEPEMEHHOIO TOKA WJIN
umMneoanc yenu, Tak Kak oHa urpaet B hopmyiie (3a) Ty ke poJib, UTO U 0OBIYHOE
COIIPOTHUBJICHUE B 3aKoHe OMma.

Ecam moMuMo akKTHBHOTO CONPOTHUBIICHHS R, BMECTO MHIYKTMBHOCTH B IICIb
MEpEeMEHHOr0 TOKa BKIOYeHa &€MmkocTh C, TO TIOJ JEMCTBHEM TOM K€
BJICKTPOJIBUKYILIEH CHJIBI B IIENIM BOBHUKAET TOK CUJION

[(t)=1,sin(wt + @) . (4)

=
(A U.c= LEc

Puc.3.

B stom cinydae cunma Toka mo (ase omepexxaeT HampsDKeHHE (CpaBHUTE
BoipakeHnst 1 u 4). CooTBeTcTByIoIasi dJEKTpUYECKas cXxema, Tpaduxu
3aBucuMocTd Toka U DJIC OT BpeMeHHM U BEKTOpHas AuarpamMma IpPUBEICHbI Ha
puc.3. 13 370l BEKTOPHOI UarpaMMbl CIEAYET, YTO

| U, U, U,

" OJRE+RE JRZ+1l(w)? 27

1€ 1JIs 9TOM 1ienu Z Ternepb NPUHUMAET BUI:

(42)
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z =\/RD2+1/(a)C ). (46)
Bemnuuny pasayio 1/(wC)=R, Ha3bIBaIOT eMKOCHMHBIM PEAKMUGHLIM

conpomuejienuém, a CIABUT (1)33 MCIKIAY TOKOM M HAIIPSKCHUCEM OIIPCACIIACTCA 110

dbopmyie
1

Ry, @

tgp=R /R, = (4B)
B sTOoM citydae Tok omnepekaeT HalpspDKEHUE Ha BETUIHHY (.
Haxkownerr, B o0miem ciay4ae, KOrjia B IENb BKIIOYEHBI MOCIEIOBATEIBHO BCE
Tpu Benuuunskl - R, L, C (puc. 4), cuiia Toka B 1IeMA MOXKET ObITh 3allMCaHa B BUJIC

I(t) = 1,sin(awt —¢). (5)

CooTBeTCcTBYyIOIIAsA JIEKTPUUYECKas cxeMa, rpaduk 3aBucuMocty Toka u 3/[C
OT BPEMEHM U BEKTOpHAs JuarpamMma MpUBEICHBI HAa puc.4, U3 KOTOPOU CIlIeIyeT
JUISL AaMIUTUTYAbI TOKA

Iozﬁz Yo ’ (5a)
Z  JR?+(wl-1/aC)?

R,-R,. Lw-1/aC
casura (a3 tgp = = (50)
R 0 R 0

Y TIOJTHOTO COTPOTUBJICHUS £ = \/ RS+ (oL —1/aC )* . (5B)

O LU U, =R, I,

v I // ————— (RL'RJ I,
R ¢
|:i| T 1 2 U.s=LE,
L U..=LE.
— i

Puc. 4.

Bripaxxenne (5a) HamomuHaeT 3akoH OMa M IMOATOMY Ha3bIBACTCS 3aKOHOM
OmMa 115 nenu nepeMeHHoro Toka, rae |, u U, - amniauTynHble 3HaueHus: TOKa U
HanpspkeHWs. Tak Kak TIpuOopaMu ISl  TEPEMEHHOTO TOKa HM3MEPSIOT
dpdexruBnble 3HaueHus >tux BesmuuH (l,, 1 U,;), To, ydnThIBas, 4ro OHH
CBSI3aHBI MEKy COOOM COOTHOIICHUSIMU:

(1., =% l, =0,711,,U,, = %UO =0,71U,),
BbIpakeHus (2, 3,4 U 5) MOXHO Mepenucarh B BUJIE:
U, U’

_ U s _ 7
Z JRZ+R?  RZ+(wL)?’
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| U,, U 50 U 50 )
3(75 —_— —_— —_— )
Z  JRZ+R* R +1l(w,)?
| ) U " o U ///3@

20 —

Z  JRZ+(wL-1/aC)? ®)

Bo Bcex atux ¢opmynax R, cregyer moHMMaTh Kak CyMMY BCEX aKTHBHBIX
CONPOTUBJICHUH 1IeNH (B TOM YKCIIE M KaTyIIKU camMOWHAYKIuK). Ecnu pasHOCTh
MMOTCHOUAJIIOB HU3MCPACTCA HCHIOCPCACTBCHHO Ha 3aKMMaX KaTYHIKH, TO RO CCTh
COIMIPOTHUBJICHUC O,Z[HOI?I JIMIb KaTYIIKH.

Jlnst  BBITIOTHEHHWS] JIAaHHOWM paboThl COOMPAIOT DJIEKTPUUYECKYIO CXEMY,
IMPUBCACHHYIO Ha pI/IC.S, A€ IMocCJCI0BATCIIbHO BKIIFOUCHLBI R, L, C Hewussecturlie
BCIINYHNHBI Ro, L ) C HaxoaiT 110 MNpCaAbLIY UM HU3MCPCHUAM

U oemr Vioems Uoas 15 mo dopmynam (6-9).

R
oo y o
E¥n ¥ E;r:;
L ] .H.-
- ] Ell_.-' E!.__-’
L C
Al @

Puc. 5.

B yka3aHHOW Ha pHC.S DJIEKTPUUYECKOM LENU BOJIBTMETP U aMIIEPMETP
JOJDKHBI OBITH MPUTOIHBI I H3MEPEHUIN KaK MOCTOSTHHOTO, TaK W MEPEMEHHOTO
Toka. Jlna ompenmeneHuss (¥ HEOOXOAWMMO 3HATH YACTOTY NEPEMEHHOTO TOKa,
KOTOpasi Jisi TOPOACKOi ceT, Ha Tepputopul PO V =50 Tuu o= 2zv=1007T1.

Ynpaxnenue 1.

Usmepenue koagpgpuyuenma camounoyxyuu L.

Jlnst uanyktuBHocTH L u3 popmyner (6) criemyer, 4To

JZ PR}

L= (10)

Omnpenenus BenmuuuHbl Z, R, mo ¢opmymnam (6) u nocrasuB ux B (10) u (30),
HaxOJUM HCKOMbBIC 3HAUCHMS WHIYKTMBHOCTH L W cinBura ¢asz mexay TOKOM U
HaIpsHKCHUEM.

JlaHHOE ympa)KHEHUE BBITOJHACTCS TPHU 6bIKAI0YeHHOM K); VI BKIIOUCHHOM
K. 3aTem:

1. 3ambikatoT pyounsHUK K Ha nocmosnuslilt TOK. MenjieHHO nepenBuras
MOJI3YyHOK PEO0CTara, YCTAaHABIMBAIOT €r0 B TAKOM IMOJIOKEHUHU, YTOOBI CTPENIKU
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amIepMeTpa U BOJbTMETpPA OTKIOHWIUCH OOJIbIlIE YEM Ha TOJIOBUHY IIKAJIbI.
3anuceiBatOT Mo npubopam cmiry Toka l,,. u U, 1, mo dhopmyie (6), BEIMUCISIIOT
3HAYEHUE aKTUBHOI'O CONMPOTUBIECHUS R,.

2. Jlma ompeneneHus MOJHOIO COMNPOTHBICHUS KaTyIIKH Z 3aMbIKaKoT
pyomnbHuk K Ha nepemennwtit ToK. [Ipon3BOJs COOTBETCTBYIOIIME OTCYETHI MO
aMIepMeTpy U BOJIBTMETPY HEOOXOMUMBIX 3HaueHud i |,y u U,, 1 moxcraBuss
ux B Gopmyiny (6), BEIYUCISAIOT COOTBETCTBYIOINIECE 3HAYCHUSI CONMPOTUBIICHUS Z.
Omnpenenus, TakuMm 00pa3om, 3HaueHust Z u R,, mo popmyrne (10) manee Haxogum
3HaueHus L.

Ynpa:xxkuenue 2.

Hszmepenue emkocmu KoHOeHcamopa.
st emxoctu C u3 Gopmyisl (40) crienyer
1

C=—_~—-
o7 R -

rae Z u R, mojiHOe U aKTUBHOE COMTPOTUBJICHUS LICTIH.

VYrpaxxHeHHe BBINOJIHAETCS MO TOM XKE CXeme, 4Yro Ha puc.5. [ns
omnpenesnieHuss R, B 2JIEKTpUYECKOW 1ENM HAAO BBIKIIOYUTH E€MKOCTh U
WHIYKTUBHOCTh M3 CXeMbl (3amoikarom xmoun K; u K, m1poBOJIOYHOMU
MEepPEeMBbIUKON, a KItou K MEepeKiIIoyaroT Ha MOCTOSHHBIM TOK) U TpPHU 33JJaHHOM
COMPOTHUBJICHUH PEOcTaTa 3aMuChIBAIOT MOKa3aHUS |,p, U U 0, U IO opMmyIie (6)
BBIUHUCIIAIOT R,.

s onpenenenns Z ko4 K OCTaBISIOT éKkaoueHHbim, K, éviknouaom, a
pyOnnbHUK K NEpEeKIoYaoT Ha UCTOYHUK IEPEMEHHOIO TOKA, 3alMCHIBAIOT |,y 1
U,4. Onpenenus Z no ¢opmyne (6), noacrasisaor 3HaueHus Z u R, B hopmyiisl
(11), (406) 1 HaxoOsAT UCKOMBbIE 3HA4YECHHs U3MepsAeMor €MKOcTH C M BEIMYUHY
yria casura Qas.

Bo Bcex uzmepenusx peoctat R ciy>XUT Julb NpeoXpaHUTeNIeM Ha ciiydail
npo0Osi U KOPOTKOTO 3aMblKaHUs OOKJIAJOK KOHJAEHCAaTOpa U JOJDKEH ObITh
BKJIIOUEH HA 3HAUUTEJIBHOE COIMPOTHUBIICHHE (JBUKOK HAa PEOCTATe YCTAaHOBUTH
MPUMEPHO HA CPENIUHY).

Ynpa:xxkuenue 3.

IIposepka 3axona Oma 05 nepemeHHo20 MmoKa.

B cinyuae mocnenoBarenbHO BKIIOUEHHBIX R, L, C MOJHOE CONMPOTUBIICHUE

MEPEMEHHOTO TOKa orpeaensercs mo Gopmyse (5B)

U3®:Z:\/R§+(a)L—1/a)C)2 , (58)

20
Jlist mpoBepKu 3TON (OPMYJIIBI B 1IETIh IEPEMEHHOTO TOKa (PHC.5) BKIIOUYAIOT
MOCJIEA0BATEIbHO: KaTYyIIKy C HM3BECTHOM WHIYKTHMBHOCTHIO L, KOHIeHcatop ¢
U3BECTHON €MKOCThIO C M peocTaT. Y IPaXKHEHUE BBITIOJTHSAETCS C 8bIKI0YEHHBIMU
kioyamMu K; n K. YCTaHOBHB pPeOCTaT Ha ONPEICIICHHOE CONPOTHUBICHHUE U
BKJIIOUMB pyOWIbHUK K Ha TIEpEeMEHHBIM TOK, JOOMBAIOTCS JTOCTATOYHBIX
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OTKJIOHEHUH CTPENIOK Ha MPHOOpax M HNPOU3BOAAT OTCYET |,y 1 U,,. [lomydennsle
pe3yabTaThl MOJICTABIISAIOT B PaBYIO YacTh GopMyIbl (5B) U BRIYUCISIOT Z.

C npyroil CTOpPOHBI, BEIWYMHY Z HAXOIAT TOJCTAHOBKOW B JIEBYIO YacTh
dbopmysl (5B) m3BecTHBIX (MO pesynbratam ympaxkuenud 1 m 2) L u C.
Wzmepenue R, mpu 3TOM MPOU3BOIAT CIEAYIOMUM 00pa3zom: kitod K, éxiouarom,
a pyownpHUK K TIEpPEeKITIOYal0T Ha TIOCTOSHHBIM TOK (IIPU HEU3MEHHOM
COMPOTHUBJICHUU pEOCcTaTa), 3aMHCHIBAIOT TOKa3aHust MPUOOPOB |l,oem U U,per,, @
3areM mo Qopmyrne (6) Haxomar R,. IlomydeHHbie pe3ynbTaThl CPaBHHBAIOT Ha
IpeMET MPOBEPKHU CIPaBeNIUBOCTU 3aKkoHa OMa 1Ji IEpEMEHHOTO TOKa.

Hanee, mo u3zBecTtHbIM BenuuuHaMm L, C, R, , mo ¢opmyne (56), onpeaenstor
BENUYMHY yria capura ¢a3. OTYET NpejCcTaBiIsIOT B BUJIE TAOIUIIBI K3MEPEHHBIX
1 BeIUMCIEeHHBIX BesmunH R, L, C, Z.

Tab6mauma 1.
No |~ U~ Z I- U- Ro L C (0} Zl/l3M ZBbl‘l

/o

Jlureparypa

1. MarseeB A.H. DnektpudectBo u maruetusm. — M: 1983. §48. - C.335-346.
2. CuByxun [1.B. O6mmit kypc ¢usuku. T.3 (snexrpudectBo) — M: 1977.

I'n.10, § 129-131.
3. Kanammnukos C.I'. DnekrpuuectBo — M: 1977. T'm. 21, §§ 217-220. C 473-
482.
CagenbeB 1.B. Kypc o6mieit puzuxu. T.2 - M: 1978. I'n.13, §92. C.262.
Opum C.92., Tumopera A.B. Kypc obmieit puszuku. — M.:2007. T.2, §§ 232 —
234. C.432 — 446.
6. Hacrosmee yue6Hoe mocodue, gactp 1. §18. C.151. [Ipunoxenue 5.

oA~
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3aoaua 10. A3YUEHUE PE3OHAHCA HANIPSIKEHUM
U TOKA B DJIEKTPHUECKOM IIENIN
Leab padoThi: N3yueHHE PE30HAHCHBIX SIBICHUN B IETH MEPEMEHHOTO TOKa
npu Hamuuu R, L, C u uctounuka J1C
IpunannexnocTu: BonbsTMmeTpsl, 3BykoBoi reHeparop 31—18, Habop
€MKOCTEM, KaTyIlIKa HUHIYKTUBHOCTH, PEOCTATHI.

B 3aBucumoctu ot ¢opmbl BkitoueHus R,L,C B snexkTpuueckoil menu, B
JAaHHOM 3aJ]aue pacCMAaTPUBAIOT : PE30HAHC 10 HAIIPSKEHUIO U PE30HAHC TI0 TOKY.
1. N3yuyeHue pe3oHaHCA HANPSAKECHUS
[IpoTekanue mnepeMEeHHOTo TOKa B Lenu, obmagaromeid €EmkocTeio C,
MHAYKTUBHOCTBIO L ¥ aKTUBHBIM CONPOTUBIEHUEM Ry, 00YCIOBIEHO TEpEeEMEHHBIM
HaIPSHKEHUEM

U(t)=U,sin at (1)

¢ wacrotoii @ =27V or ucrounnka IJC. Eciu IIPU 3TOM B JJIEKTPUUYECKOU
nmemd L, C, R m wucrounmk mnepemenHoro 3IJ[C BKIIOYEHBI MEXIy CcOOOMH
nociiedosamesibHoO, KaK 3TO MOKa3aHO Ha puc.l, TO B ienu Oy1eT OAMHAKOBBIM.

U @/‘ U, g U,

| |
% A ﬁnu
A
(v)
0
Uiy
Puc.1.

B paccmarpuBaemoii nienu oommm st Ro, L, C siBasieTcsl TOK, TaK 4TO IO
BTOpOMY 3akoHY Kupxroda ypaBuenue nisa U 3anuiiercst B BUJE:

Ut)=U,sinet=U +U.+U, = Lﬂ+%_|'ldt+lR0 )

dt
dl
rne U, =1L gt~ TMaJCHHC HANPHKCHWS HA MHIYKTHBHOM (peaKTHUBHOM)
1
comporuBienun R, =aL; U .= C:_'[Idt - NajJeHHe HaNpsHKEHHS Ha
EMKOCTHOM (pEaKTHBHOM) CONPOTHBICHHN R.=1/aC ; U ,=IR, -

naJicHUe HANPsHKEHHUS HA OMUYEeCKOM (aKTHBHOM) CONPOTHBIICHHH R, = O S

Peuienne ypaBHenus (1) miis Toka nojiy4aeTcsi B BUIE

I[(t)=1,sin(at—9¢) (2)
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rae o - aMImuTy1HOe 3HaYeHue CUITbl TOKA.

CootBetcTBytomue rpadguku 3aBucuMocty Toka 1 J[C oT BpeMeHH, a TaKkxKe
BEKTOpHAs IMarpaMMa IMPUBEJICHBI Ha PUC.2, U3 KOTOPOU CIEAYET JJIsi aMILIUTYIbl
TOKa

U, U,
IO = Z = - =, (3)
JRZ + (0L -1/ &C)
casura a3
R,-R, Lwo-1/aC
t = - =
g¢ ~ ~ (4)
Y TIOJTHOT'O COMPOTHBIICHUS
_ 2 2
z = JRE+(0L -1/ aC )? 5)
rie Z - Ha3bBAIOT UMHEOAHCOM W HOJIHBIM CONPOMUGICHUEM

INEKMPUYECKOli Uenu no nepemeHHomy moky, P — yron ciasura da3 MexIy
TOKOM U HaPsDKCHHEM, KOTOPOE OMPEISIACTCS U3 COOTHOIICHUS (4).

LA LU U.=R. I,
U I / _____ (RL-R‘\:) IIJ
K oo
|::| -7 i £ U.r=LE,
L U..=LR.
ooan
Puc.2.

N3 pucynka 2 BHIHO, UYTO MaJCHUE HAMNPSHKEHUS HAa AKTHBHOM
COTNIPOTHUBJICHUU H3MEHSIETCS C TOKOM T0 (ha3e, TMaJeHHE HaANpsOHKSHUs Ha

T

€MKOCTHOM CONPOTHUBJICHUH OTCTAeT OT TOKa Mo ¢aze Ha - » & Ha HHIYKTHBHOM -
T

TOK omepexaer no Qasze Ha o

Ananus popmynsl (4) mokassiBaer, uto npu WL >1/@C  npunoxennoe
nanpsokenne U omepeskaer Tok mo dase u @ >0, mpu b <1/ @C 1ok Gymer

orepexars Hanpsokerne u @ <0. B wactHoM ciyuae, korna WL =1/ @wC (@ =0)
TOK B KOHTYpE OYICT OmpeaeisaThCs 3HAUCHHUEM aKTHBHOTO COMPOTHUBIIEHUSA Ry H
JIOCTHTHET HaWOOJBIIEr0 3HAYCHHS. MaKCHMaJIbHOMY 3HAQUCHHUIO TOKa B IICIH
COOTBETCTBYET MakcuMasibHOe HanpsibkeHue Uy = lg Rg— pezonanc nanpsoicenus.
TakuMm 00pa3oMm, pPE30HAHCOM HAIpPSHKEHWH B IEMH IEPEMEHHOIO TOKa
Ha3BIBAIOT TAKOW PEKMM B HEPA3BETBICHHOM IJICKTPUYECCKON IIEIH, COACpIKaIei
MOCJICIOBATEIbHO COCIWHEHHBIE YYacTKH C WHAYKTHBHOCTBIO, EMKOCTHIO,
aKTUBHBIM CONPOTHBJICHUEM M HWCTOYHHUKOM cTOpoHHUX DJIC, mpu KoTOpoMm
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pPa3HOCTh (a3 MKy TOKOM U HampsbDkeHneM paBHa HyJro. [Ipu atom R =R, u ToK
JIOCTATaeT CBOEro MakcumaiapHoro sHadeHus |= lo = Uy/Z = Uy /R,.
B HEPA3BETBJICHHOM IIETIH MIEPEMEHHOT0 TOKa, cocTosimei n3 R, L, C, ycinoBue
pEe30HaHCa MOXKET OBITh TIOCTUTHYTO TPEMs CIIOCOOaMH:
1) wu3meHeHnueM eMkocTH - C,
2) U3MCHECHHUEM UHIYKTUBHOCTH - L,

3) U3MeHeHHeM YacToTh - (© = 27TV

B nmanHoit paboTe pe3oHaHC HampsbkeHusi OyaeM paccMaTpuBaTh B
3aBUCHMOCTH OT 9acTOThI BHeITHEH DJ[C.

OOmmii BHUJI KPUBBIX 3aBUCUMOCTH H3MEPSIEMOr0 TOKA OT YacTOTHI
II0/IABAEMOT0 HAIIPSDKEHUS JJI PA3JIMYHBIX 3HAYEHHUI CONpOTUBIEHUs Ry noka3ax
Ha puc.3. MakcuManabHOE 3HAYEHHE TOKA B LIENIM MMEET MECTO IIPU PE30HAHCE
HaIpsDKEHUN Ha MHIYKTUBHOCTH U €MKOCTH.

lok

F3=ra=>r

To
Puc.3.

JInst  BBINOJIHEHUA ~ YHNPaKHEHUS COOMPAIOT  AJIEKTPHUECKYIO  CXEMY
MIPUBEICHHYIO Ha pUC 4.

Puc.4.

HcrouynnkoM mnuTaHus SBIsSIETCS 3ByKOBOW reHeparop [3-18. JlammoBbii
BoibT™MEeTp (JIB) ¢ OonbmiuM  BXoAHBIM  compoTuBieHueM. llepeMeHHoe
CONMPOTHUBJIEHUE Ro B cxeMe NpelCTaBiigeT cOOOW Mara3uH CONPOTUBICHUN WM
BBICOKOOMHBIN peocTaT. MuaykTuBHOCTH L 1 emkocTh C 3a1ar0TCsl.

[Ipu cOopke cxembl OOpaTUTE BHHMaHHE Ha TO, YTOOBI 3akuM "3emis"
reHepaTopa OKazalics COEIUHEHHBIM C 3axkumoMm '"3emua' BoabTMeTpa. Ha
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reHepaTtope TymOnep "BHyTp. Harp." mocraBeTe B TojiokeHue "Bii.",
CTYIEHYAThI MEPEeKIIoYarTeslb aTTeHIaTopa NocTaBpTe B mosioxkeHue "600".
BbIX0/THOE HaIpsHKEHUE FEHEPATOPA 60 8PEMA IKCHEPUMEHMA NOOOEPHCUBAECMCA
HOCMOAHHBIM Y KOHTPOJIUPYETCS C MMOMOIIBIO TaMnoBOro BoiasT™MeTpa JIB. Ero He
cienyet OpaTh Bbiiie 3 B, Bo n3bexanue nmpo0os KOHAEHCATOpa MPU PE30HAHCE.

PaGoTta BBIMOMHSETCS W3MEHEHHWEM YacCTOTHl BBIXOJHOTO HAIPSKCHUSA,
caumaeMoro ¢ ['3 - 18. Iyt Havana Heob6xoo0umo onpedeaums 0OaaCmMb 4acCmom, 8
KOMOopoU npoucxooum Hauboxee cywecmeennoe usmenenue Uc npu uzmenenuu
yacmomsl, a 3areM (M0 YCMOTPEHHUIO) ONPENENSAI0T IIar HW3MEHEHUS,
00eCIeYMBAOIINI TOCTATOYHO JCTATbHOE U3MEHEHHE 3aBrucuMocTu UC(@).

PesynbTaThl  3KCHEpUMEHTa 3aHOCAT B Tabmuiyy 1. Yactotel u
COOTBETCTBYIOIIME HANpPsDKEHUS, CHUMAIOT CO IIKaJd 3BYKOBOTO TIe€HepaTopa M
M(POBOro BOJIBTMETPA WIH ¢ ociuuiorpada. Uucino u3sMepeHHbIX TOUEK JOJIKHO
OBITh JOCTATOYHOM, YTOOBI MpPH 3aJaHHOM R uHeTko ompeaensuiach pe30HaHCHAas
KpUBasl.

I1o pe3ynpTaTaM U3MEPEHUM:

1. IToctpoiiTe rpadguk, BrIpaxarluid 3aBUCUMOCTb aMIUTUTYIbl HATTPSHKCHUS

Ha KOHJEHCATOPE OT YAacTOThl MHUTAIOLIETO HANPSHKEHUS MPH  [MOCTOSHHOU

aMINIUTYyAC ITOCICOAHCTO U Ro ~ O Te xe HU3MCPCHHUA U ITIOCTPOCHHUA IIPOBCOUTC

IPU HECKOJIBKUX APYruX 3HadeHUsX Rg. (Rp >10 — 1000 Owm),

2. Ilo pe3oHaHCHBIM KpPHUBBIM HAWJIUTE COOTBETCTBYIOIIME PE30OHAHCHBIE
1

JaCTOThI, W, = —F/—,
P JLC
3. BplunciuTe WHAYKTUBHOCTh KATYHIIKHM IO PE30HAHCHOM 4YacToTe

2
L=1/ , C (C 3azana o cxeme).
4. Hcnomb3ys  pe30OHaHCHbIe TpadHuuecKue  KpPUBBIC,  OIPECACIIHTE

ooopomnocmo Inekmpuueckoii uyenu - Q (Q - OespasMepHas BEIMYHHA,
27
XapakTepusyolias MOTepU DHEPTrUU B IICTH) Q:5—W’ rae W- osHeprus,

3amaceHHas B KoHType; 0 W — ymeHsbIieHue 3Toi sHepruu 3a 1 nepuon 7.
1 (L
IIpu manbix mortepsix sHeprun Q = U, /U, = o e 100pOTHOCTH

MOKa3bIBAE€T BO CKOJIbKO pa3 HampsikeHrue Ha C TPEBBIIIAET MPUIIOKECHHOE OT
reHeparopa HanmpsKeHUe, CM. puc.S.
C npyroii cTOpOHBI JOOPOTHOCTH ONPEIEISET OCTPOTY PE30HAHCHBIX KPUBBIX.
@
Q :_Ap , TIe Aw — IIMPHUHA PE30HAHCHOW KPHUBOW, OMPENCIISIEMOM Ha YPOBHE
@
0,71 oT pe30HAHCHOW AaMIUIUTyAbl TOKAa WM HaNpspKeHHs (cM. puc. 5). D10
2
cootBeTcTBYeT 0,5 MormHOcTH ipu pe3onance (0,5~ (0,71)°).
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5. ITo pesynbratam rpapuyeckoro usMepeHus A@ OmpeneiuTe BEIHYHHY
nobpotHoct Q st pa3HbIX 3HaueHUM R u moctpoiite paghux 3aeucumocmu Q
om R.

Pe3ynbpTaThl ©13MEpEeHU 1 pacueToB 3aHECUTE B TaOHILY 1.

Taodauna 1.

Upes, B Opes, [T | L, TH Ro, OM C,Mk® |Ao, I Q

WIN |-

Il. M3yyeHue pe3oHaHCa TOKOB
Pe3oHaHC 1O TOKY B AJIEKTpHUYECKOW Iternu HaOmomaercs, korma L, C,R u
uctoyHuk JJIC OyayT BKIIIOUEHBI IO OTHOIICHUIO IPYT K APYTY HAPALIEAbHO.
[lycTh anekTpuyeckas Lelb, COCTOSAMAas U3 TPEX BETBEH, OJJHA M3 KOTOPBIX
COJIEPKUT KOoHAeHcaTop emkocTH C, a apyras - KaTylIKy MHIYKTUBHOCTH L, a
TpeThs R mutarorcs ot ucrounuka cropoHux JIJIC ¢ U = Uy sin ot xak 310
MOKa3aHo Ha puc.l a.

AN — 1 NN
L R L
[ [

[ [

C C

R

Layle-] L]

a 0
Puc.1.

B paccmarpuBaeMoii Lienu oOIIUM SIBJISETCS HANIPSDKEHUE, a MOJIHAs CUJla
TOKa OyJleT paBHa
I=IR+IC+IL1 (1)
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rae lg =(Uy /R) sin aX, Ic = U, @ C cosat, I,.= U, /ak cos (at + 7).(2)
[Tocne moncraHoBku (2) B BbeipakeHue (1) g momHOoro Toka | Jerko
MOJTYYUTh
| = U, [1/Rsinat + (oC - 1/aL) sin (at + 22)]. (3)
BekTopHas nuarpamma it pa3BeTBieHHOM 1ieny, rae R, L u C BritoueHs! 1o
OTHOIIIEHUIO JPYT K JIpYTy B IapajUIelIbHBIX BETBSX, MOKa3aHa Ha puc.2a.
ILe—wCU,

L-UNIR (w(‘—ﬁ I

o A
w20,

U,

fo- %

Puc.2.
Ecau B nens BrimroyeHsl Toibko C m L, mpudemM MHAYKTUBHOCTH 0OJagaet
OMHUYECKHM COIPOTUBJIECHUEM R, OTIWYHBIM OT HyJs (puc.10), TO MONHBIM TOK B
nenu 1=lIg, +I,

rie — IC:UOSin(a)t+%), lr =Uo/VRZ+0?L> sin(wt-g, ).

CooTtBeTcTByIOIIas BEKTOPHAs [uarpaMmma rnpeacranieHa Ha puc.26. Kak sto
BUJHO W3 PHUC.20, IpU HEKOTOpPOM cooTHommeHnu mexay L, C u o casur ¢as
CTAaHOBUTCSl PaBHBIM HYIIO U, CJIEIOBATEIbHO, JJIEKTPUYECKasl IEMb BeIeT ceos,
KaK YMCTO aKTUBHOE COMPOTHUBIICHUE R,,.

[Tpu Hamuyum UHAYKTUBHOCTH B 1ienu, rae wL>>R,, yron cnsura ¢a3z ¢ ~ -
712, a Tok B nienu ¢ C onepexaeT HaNpsHKeHUS Ha @c = + /2. B pesynbrare oba
toka (I, u IC) obOmamaroT pasHOCTBIO (Da3, OMU3KOHW K 7, T.€. HAaXOOATCSA B
npotuBodazax. [loatomy monsslii TOK | B nenu npuOIM3uMTENbHO OYIET paBeH
pazHoctu TokoB | m IC. DTOT ciyuaid, Korja BeIUUHMHA HOJIHOZ0 MOKA 8 Yenu
CMAHOBUMCA HAUMEHbUlC, HA3bI6AIOM PE3OHAHCOM MmOK06. BennunHa
CONPOTHUBJICHUSI B DJIEKTPUYECKOM 1€MW NPU PE30HAHCE TOKA JOCTUTAET
HanOOJIBIIIErO 3HAYCHUS U HE paBHA aKTUBHOMY COMPOTHUBIICHUIO R,, T.K. 3aBUCHT
eme ot L u C.

[Tonp3ysich BEKTOpHOM auarpamMmoin (cMm. puc.20), HaAXOAWM YCIOBHE, MPHU
KOTOPOM HAacCTyNAaeT PE30HAHC TOKOB.

Ipu pe3onance Toka l,C = |, Singy, rae ammuTyaHbIe 3HaUCHUS IS loc 1 g
OyIyT paBHBI:

_ Uo

b e “

[lonp3ysiCh BEKTOPHOM IMarpaMMOM CIIOKEHHSI U C Y4YETOM  BBIPAKECHUHI

|0C= Uo aC
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(2,3,4) 11 aMITUTYTHOTO 3HAYEHUS MTOJTHOTO TOKa 0y/1eM UMETh
| = U, V1/ R? +(wc -1/ @l )’ sin(at + ), (5)

U3 KoToporo BuaHO, uto mpu (@C - l/w L) = 0, T.e. mpu paBeHCTBE
UHAYKTUBHOTO R| m emkocTHOrO RC comportusiennii (owl= 1/@w C), momHBIA TOK
MUHHMaJIeH (YCIIOBUE PE30HAHCA).

Ecmu (aC - 1/@wL ) >1/R, To B yCIOBHSIX pe30HAHCA TOK Yepe3 KOHICHCATOP U
WHIYKTUBHOCTH OYJET OOJIBIIE MOTHOTO TOKA.

Takum  oOpa3oM, pE30HAHCOM TOKOB  HA3bIBAIOT PEKUM  PabOTHI
Pa3BETBJICHHOW 3JIEKTPUYECKOM LIEMH, COIEpPKAIIEH BETBb C MHAYKTUBHOCTBIO L 1
BETBb ¢ eMKOCThIO C, MPU KOTOPOM PA3HOCTh (a3 HAIPSKEHUS Ha 3aKUMaxX IEnu
U TOKa Ha BBIXOJIe paBHa Hyt0. [Ipu 3TOM moamwlii mok B uenu Oyner
munumanen, v paset l, = Uy/R, a Toku B BetBsx ¢ L u C (I u Ic) OyayT HamMmHOrO

oonwire yem |. SHGKTpI/I“IeCKaH cXEMa, HCO6XOI[I/IMaSI L U3YUCHHUA PC30HAHCA
TOKOB IIPHUBCJICHA HA pI/IC3

:]]"' o
kT AP L:
I = JIH
Puc.3.

B kauectBe ucrounuka cropoHHnx J/[C mcnosb3yeTcs 3ByKOBOUM T€HEPATOP
I3 — 18; Ry u R, - pe3ucTopsl ¢ MepeMEHHBIM COMPOTHUBIIEHHWEM (peocTar u
Mara3uH COnpoTUBJIcHHS, R, >>R)).

C nomompio R; MOXHO M3MEHHUTh CHUJy TOKa B II€MH, a C momolibio R,
WU3MEHUTH IOOPOTHOCTH KOHTYpa DJEKTPUUECKOM TIETH.

J1s1 BBITIOTHEHUS PAOOThI

1. CobuparoT cxemy, MpUBEAECHHYIO Ha puc.3 u ¢ nomoipio '3 - 18 3anaror
(TOCTOSTHHBIN TIO aMIUIUTYJE) BbIXOAHOW curHan (He Oonee 3B). Brixomgnoe
HaNnpsDKEHWE KOHTPOJIMPYETCS € MOMOIIBIO JIaMnoBoro BoJsibtmerpa JIB. [l
OOHapy>KeHHsI PE30HAHCA MEHSIOT YacTOTy HaMpsHKEHUs, CHUMAeMOro OT
reHepaTopa. Opranbl ynpaBieHusi reHepatopa, u JIB ycTaHaBIMBamOT TakuM
oOpa3zoM, 4YTOOBl OBLIO yAOOHO wH3MepsATh HampsikeHue UC mpu u3MeHeHuu
4acTOThI TeHepaTopa. {1 Hauana Heobxo0umo onpederums odaacmo 4acmom, 6
Komopoit npoucxooum Hauodonee cyuwjecmeennoe usmenenue Uc npu
U3MEHeHUuUu 4acmomol, a 3aTeM (110 YCMOTPEHMIO) ONMPENENIOT 1Iar U3MEHEHUs
4acTOThbI, 00ECMEUMBAIOIINNA IOCTATOYHO JETAIbHOE M3MEHEeHUe 3aBucumoctu UC
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1. I3MeHsIs 9acTOTy HAINpsDKEHUS TeHepaTopa, CHUMUTE 3aBucumMocth UC(w),
3aHOCS JIaHHBIE B TaKyIO ke Tabnuiy 1.
2. BeruncnuTh TOK ¥ TOCTPOUTH Tpaduk 3aBUcUMOCTH | OT @.
3. Onpenenute 1o rpaduKy: 3HAYEHUE PE30HAHCHOM YaCTOTBI (,;; IOJIOCY
MPOITYCKAaHMS B TOOPOTHOCTH IEKTPUIECKOM mernu Q.
W3mepennsi 0 pe30HAHCY TOKa HY)KHO TOBTOPHUTH JUISI JABYX Pa3IUYHBIX
3HayeHui R, u C.
Jluteparypa
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2. CuByxun J[.B. O6mmit kypc ¢usuku (DnexkrpuuectBo). T.3. — M: 1977.
§130,127, - C.561.

3. Kamammukos C.I'. DnekrpudectBo. — M.: 2004. §§217-221,224,225.
4. CagenneB U.B. Kypc o6mieit pusuku. T.2. — M.: Hayka, 1978. §§90-91.
5. ®pum C.3., Tumopea A.B. Kypc obmieit puzuxu. — M:2007. T.2. §§ 232 —

234, 240. C.432 — 4406, 461.
6. Hacrosmee yue6HOe mocobme, gacts 1. §18. C.151. [Tpunoxenue 5.
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3aoaua 11.
N3MEPEHHUE MOIIHOCTHU NIEPEMEHHOI'O TOKA U CIBUT' A
®DA3 MEX]1Y TOKOM U HAIIPSI'KEHUEM

Leab padoThI: OCBOCHUE METOAA U3MEPEHUS MOITHOCTH IIEPEMEHHOIO TOKA
U capura (a3 MeEXIy TOKOM U HampsHKEHHEM C TOMOIIBI0O BaTTMETpa U
ocmuiorpada.

IIpunapiexxkHOCTH: aMIIepMeTp, BOJBTMETP, BaTTMmeTp, JIATP, peocratsl,
KaTyIIKa MHIYKTUBHOCTH, Mara3uH eMKOCTEH.

OHeprus UCTOYHHKA CTOPOHHUX ODJ[C B BJIEKTpUUYECKOW LIENH NEPEMEHHOTO
TOKa, npu Hanmuuu R, L, C ucnbIThIBaeT cieayomuye npeBpatieHms:

1. Ecim B menu MNEpEeMEHHOIO TOKA MMEETCS TOJIBKO AaKTUBHOE
cConpoTuBiieHHe R,, TO MrHOBEHHas MOILIHOCTb, pa3BUBacMasi HCTOYHUKOM
ctopoHHuX DJIC

WRZIUR:|2R01 (1)
MMPCBpAIACTCA B IKOYJICBO TCILIO HAI'PCBAHUA ITPOBOAHUKA.
2. Ecou B OCIIn IMCPCMCHHOI'O0 TOKa HMMCECTCA TOJIBKO HMHAYKTHBHOCTDH L, TO
MI'HOBCHHAs MOIIHOCTBL, Pa3BUBACMaA HCTOYHHUKOM CTOPOHHHX SHC

dl
W(t)L:Lla:ULI, (2)
MPEBPAIIAETCS B SHEPTUIO MATHUTHOTO MOJIA.
3. Eciu B 1ienu nepeMeHHOro TOKa UMEETCSl KOHAEeHcaTop ¢ éMKOCThI0 C, TO
MTHOBEHHAs1 MOITHOCTh, pa3BUBAaeMasi MICTOYHUKOM CTOpOHHUX DC

wy, =299_Q 1y 3)
Cdt C

MIpEeBpaIIaeTCs B SHEPTHIO AJIEKTpudeckoro moist; Q - 3apsa Ha TIacTHHAX
KOHJIEHCATOopa.

[Ipn wammumu R, L, C B menm mepeMeHHOTO TOKa IIOJHAs MIHOBEHHAas
motHocTh W(t), pazBuBaemasi ucrounukom croponnux J/[C Oyner paBHa

W(E)=W({), +W({t), +W({t). =U1+U I +U_.I . 4)

3nec Ug,U, U .- mageHus HanpsHKEHUM HAa OMHYECKOM, MHAYKTUBHOM M
€MKOCTHOM COMPOTHUBJICHUSX COOTBETCTBEHHO.

Ecnn B 2neKTpUYECKOM LENM NEPEMEHHBIM  TOK MEHSAETCS IO 3aKOHY

| =1,sinat | To na ocHoBanuu 3axona Oma mia Ug,U U u Bo3HHKarommx

CABUTOB (pa3 MOIy4HM:
U, =1,Rsin at,

Uc

l, .
Esm(a)t —rl2), (5)

U, =Il,Losin(at +7/2)
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NI 1 MT'HOBEHHOU MOIIDHOCTH:

2

P(t), = 1.Rsin? at, P(t). =- é sin at cosat, P(t), = | ol sin ot cosat

(6)

[IpakTHdecknii HMHTEpEC TMPEACTABISAET CpeAHEe 10 BPEMEHH 3HAYCHHUE
MortHOCTH <W>. s HaxoXJACHUS CPeIHEH MOIIHOCTH OepyT HMHTErpail oT
MTHOBEHHBIX 3HAYCHUI MOIITHOCTH (7) 3a rnepuoj u AT Ha T

1T
<W >= T.([W(t)dt_ )

Jns cpenHero 3HayeHUs MOIIHOCTH MOche MNojAcCTaHOBKU B dopmyny (7)
BbIpakeHus u3 (6) mosyyaercs

<W >= ; U cosgp=1,,U,,cosp (8)

rae lo u U, - aMImuTyAbl CUJIbI TOKA W HaANpPSIKEHUS, ¢ - pa3HOCTh (a3

MeXKJIy CHION Toka M HampsokeHneM; COS@ - kod(p(HIMEHT MOIIHOCTH, OT
KOTOPOT'O 3aBUCHUT, HACKOJBKO 3(P(PEKTUBHO MPOU3BOIUTCS NEperadya MOIIHOCTH
OT UCTOYHHKA TOKA K TOTPEOUTEITIO.

O¢dexTHBHBIE 3HAYE€HUA TOKA M HanpsbkeHud |,5,U,;, ycTaHaBIMBAKOT IO
PaBEHCTBY TEIUIOBBIX SHEPIHii, BBIAEISEMBIX Ha OJHOM M TOM K€ Harpyske mnpu
IPOIYCKAHUU IIOCTOSHHOTO M MEpPeMEHHOI0 TOKOB (Quoem, = Quep). UM
COOTBETCTBYIOT 3HA4Y€HUsI TOKa M HampsbkeHuss Ha ypoBHe 0,71 or mnx

AMINIUTY AHBIX 3HAUYCHUM:

1 1

|, =——1,=071l,; U, =——
o \/5 0 0 b \/E

Beenenue |,; u U,; Mo3BOISET paccMaTpuBaTh MOIIHOCTD IIEPEMEHHOIO TOKA

U, =0,71U,.

hopMaiIbHO Tak, Kak GyATO HeT KoleGanmii MowsocTy. Jlnmb npucyrcrue COS@
HAallOMUHAET O TOM, YTO pe4yb UAET O MEPEMEHHOM TOKE M TOKa3bIBa€T, YTO B
obmem cirydae (T.e. npu Hamuuk R, L, C) Beimensemas B ey MOIITHOCTh 3aBUCUT
OT CHJIBI TOKA, HAMPSDKEHUS M yTia cBUTa (a3 MEKIY HIUMH.

JIJis MOCTOSIHHOTO TOKa MTHOBEHHAsI MOIIHOCTb COBIIAJa€T CO CPEIHEe, Tak
KaK JJI IOCTOSIHHOT'O TOKa COS@ =1.
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Puc.1.

W3 BEeKTOpHOW OuarpamMMmbl JJIsS MEPEMEHHOTO TOKa JIETKO IOKa3aTh, 4TO B
oO1ieM ciyyae COS¢ - KO3(pPUIIMEHT MOITHOCTH, €CTh BEJIMYHHA, 3aBHCSIIAS OT
aKTHUBHOTO CONPOTHUBJIeHUS 1nenu R,, eé camounnykiuu L, émxoctin C ¥ 9acTOTHI
a
Ro

JRZ + (0L -1/0C)?

Ecii B Lielu MMeeTcsl JIUIIb OHA aKTHBHAs Harpyska R, torma COS@ =1 u
OTZaBaeMas B Harpy3Ky MOIIHOCTb IIpH 3aiaHHbIX |,4 1 U, MakcumanbeHa. Eciiu B
Ienb BKJIIOYUTH peakTuBHYIO Harpy3ky (Rc, Rp), To COS$ craner MeHbIie
CAVHMIIBI M JJI1 O0SCTICUCHUS Mepeayr MPEKHEH MOIIHOCTH B JJICKTPHUYECKYIO
LeNb HEOOXOAMMO COOTBETCTBEHHO yBenuuuth l,; U, T.e. K morpeburenro
DHEPTUU TI0 JIMHWM Tepeadd HaJo MOABOJUTH OONBIIWNA TOK. DTO MPUBOAUT K
YBEIMYCHHIO TTOTEPh SHEPTUHU Ha HKOYIICBO TETUIOTY B JIMHUM Tiepenadu. [loaTomy
BCET/a CTPEMSITCSL pacpeIeNIuTh HArpy3Ky Tak, YTOObI CABUT (ha3 MEXKIy TOKOM U

cosd =

©)

HATIPSDKCHUEM B LIEMH ObUT MHHUMAIBHBIM (MM MakcHMalbHbil COSQ)
Yupaxnenue 1.
H3mepenue MOWHOCMU NePEMEeHHO20 MOKA U CO8U2A (ha3 MedHcdy MOKOM U
HANPsIICeHUeM ¢ NOMOWYbIO 6AMMMempd.
JI71st BBITTOJTHEHHST YIPAKHEHUS HEOOXO0IUMO:
1. CoGpath 2NMEKTPUUYECKYIO 11eTb, TPUBEICHHYIO Ha puc.2 (a).
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g ) @ ¢ R

220 L L
o o B 7 o B il
C
S
a) Puc.2. 0)

N3mepenue cpeaHel MOIMHOCTH B IIENIM IEPEMEHHOrO TOKa IMPOBOIAT
npuOOpOM, Ha3bIBaeMblii eammmempom. (CxeMa €ro BKIIOUCHHS B IICIb
MpuBE/IeHa Ha puc.2 (a).

2. Jlanmee B cxemMy Ha MeCTO Z MOOYEPETHO BKIIOYAIOT KOMOMHAIIUIO HATPY30K
u3 R,L,C, ux coenuHeHuni, Kak 3TO MpeasIoKeHO Ha puc.2 0).

3. ITone3ysice u3smMepeHHbIMU 3HadeHusMH |,5, U,;, m W, Bbruuciure
COS¢ 1o dopmyie (8) H MONHOE COMPOTHBICHHE (MMIICIAHC) yYacTKa e Z =
U,/ 1.

— 2
4, 3arem wu3 BeIpaxeHus R, = W/I%,, ompemenuTh TO aKTHUBHOE

COMPOTHUBJICHUE, B KOTOPOM BBIJICTISICTCS IEPEMEHHBIM TOKOM JDKOYJIEBO TEILIO.

5. Tone3ysack 3HaueHusMu Z u R, u 3akoHoM Oma 11 IEPEMEHHOTO TOKa,
Haiitu R, RC u Tak Ha3piBaeMylo O€3BAaTTHYIO MOIIMHOCTH Wi, KOTOpas
OTIPEJIEIISIETCS TI0 BBIPAXKCHHUIO:

2 2
(Lw—l/Ca))Zzzz—Rzzuf‘D—V\i,

I3® |3®

I2u2 _W2
_ N\ e 09
Lo-1/Cow= ,24) , (10)
W. 1

W= 12000 -W2 tgg= |t e Wo=15(Lo- ).

(W, - Ge3BaTTHast MOIIHOCTb).
6. Pe3ynbraThl M3MEPEHUM W 3HAYCHHWS BBIYMCJICHHBIX BEIMYUH 3aHECTH B
Tabuiy 1.
Taodauma 1

Harpyska | lLg, | Uy, | W, | LUy | Wi | coso | Z Ro, | tg o
A B Bm Bm Bm Om | Owm
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Ynpa:xxkaenue 2.

Hzmepenue mownocmu nepemenHo20 moka u coguea ¢az mexcoy moxkom u
HanpsajiceHuem ¢ NOMowbio ocyuiozpaga.

DNEeKTpOHHBIA ociuuiorpad MokeT OBITh TPUMEHEH IS HATJsIHOTO
UCCIeIOBaHUs cBUTa (a3 MEXJy TOKOM M HampsDKEHUEM B LIETIH MEPEMEHHOTO
TOKa, a TAKXKE JJIsl UBMEPEHUSI MOIITHOCTH IEPEMEHHOTO TOKA.

Ha puc.3 npuBeneHa cxeMa yyacTKa LENU MEPEMEHHOIO TOKa, MOAJIEKAIIETO
UCCIICIOBAaHUIO, W TPUHIUNHAIbHAS CXEMa BKJIIOUYEHHOTO B JTOT YYacTOK
KaTOJHOTO ocuusuiorpada.

|

P

L]
=
g
-

|
8

e ™
|
b
-

K

] -1

Puc.3
Opna mapa miacTuH ocuusuiorpada (HampuMep, TOpU30HTANIbHAS) BKIIOYEHA
napajuiesibHO MCCleayeMOMYy y4dacTKy. BTopas mapa miactud ociuuiorpada npu
BCEX OINbITaX HEU3MEHHO COEJAMHEHA C OJTaJOHHBIM KoHaeHcatopoM C,,
BBEJICHHBIM B CXEMY CIICIIMAIBHO JIJII U3MEPUTEIbHBIX IIENICH.
Cpennsis MOIIHOCTh, pa3BUBAacMas MEPEMEHHBIM TOKOM Ha ydactke C, R, L
3anaercsa (popmynon

1
<W >= > .Uy cosg=1,U,,cosp, (11)

JUis  u3MepeHuss MOIIHOCTM NpHU MOMOUIM ociuuiorpaga HEoOX0IUMO
oOecrieynuTh TMOJAa4Yy HaA €ro IUIACTUHBI  OTKJIOHSIONIMX  HAIMpPSDHKEHUH,
MPOMOPIIMOHANIBHBIX BeNMWYMHAM, BXogsmmMm B Qopmyny (11). Ilpu stom
ociuiorpag paboTaeT mpu BHIKIIOUEHHOW BpeMEHHOU pa3BepTke. Hampsokenue,
MOJAHHOE HA TOPU30HTAIbHBIE IJIACTHUHBI, MPOMOPUUOHANBHO BenmuuuHe Ug| c.
CrnenoBatelibHO, OTKJIIOHEHHE KaTOAHOTO Jiyda B Hanpaiiennu ocu OY Oyner

y = UT('L*C = Lliosin ot (12)
1 1

rae K; - 9yBCTBUTENBHOCTH Jyda ocimniorpada B HampaBieHHH O0Y I10
HanpsbkeHuto. Benmmunna K Beipakaetcs B B/cu. Benuunna K - 310 mepeMeHHast
BEJIMYMHA, 3aBHUCSINAS OT HKCIOJb3YEMOr0 B JAHHBIX YCIOBHSIX KO3PQuIMeHTa
ycuieHus ocuuiorpada.

Benuuuna oTkioHeHHs Jy4ya B HampaBieHMHM ocd OX mpomnopiuoHajibHa
HaIpsHKEHUIO Ha ATATOHHOM KOHAEHcaTope. JIerko BUAETh, YTO 3TO HANPSIKEHUE
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B CBOIO OYepe/Ib MPOIMOPIMOHAILHO CHJIE TOKa B Iienu. Tok, mporekaromuii mo C,
NPUBECT K HATMYHMIO Ha KOHJIEHCATOPE 3apsiia.

: I
q =IIOS|n (ot +@)dt = —2cos(wt + ), (13)
)
¥ pasHocTu notennuanos Ue, = d .- g COS(CUt + (0) (14)
° G, Cow '

CrnenmoBaresibHO, BBEJEHUE B II€Mb ATAJOHHOTO KOHJIEHCATOpA IO3BOJISIET
MoJaTh  HAa  BEPTHKAJIbHBIE  IUIACTHHBI  ocowuiorpadga  HampspKEHUE,
MPONOPLIMOHAIBHOE ~ aMIUIMTYJle  CHAJIbl  TokKa. EciM  4yBCTBUTEIHLHOCTH
ocuwuiorpada B TOPH3OHTAJIHLHOM HAIpaBJIICHUH 0003HAYUTH dYepe3 K, TO
OTKJIOHEHHE JTy4da o ocu OX MOXKHO 3amucaTh TakK:

ocbk: OX = Ucyk, =- (I, / k; Cy @) cos (at + ). (15)

Takum o00Opa3oMm, Ha IUIACTMHAaX ocuwuiorpaga OyayT TMOJaHBI JBa
CUHYCOMJAIbHBIX HAINpPSKEHUS] C PaBHbIMM YacTOTaMH, HO C Pa3HbIMHU
aMmIiuTyaaMu 4 (paszamMu. ITU HAOpsDKEHUS MPONOPLMOHAIBHBI MHOKHUTEIISIM,
BXOJSIIUM B JOPMYJTy MOIIIHOCTH

W=1,; U,; cose.

B pesynbrare cnoxxeHus ABYX B3aUMHO MEPIECHANKYISIPHBIX TAPMOHHUYECKUX
KOJIeOaHWI ¢ paBHBIMM YaCTOTAMU CYMMAapHOE KoJyieOaHue SIBISIETCS, B OOIIEM
cly4yae, [JBM)KEHHEM MO  DJUIMITAYECKOM  TpaeKTOpUHU, Ybsi  IUIOLIAAb
MPONOPLMOHAIBHO PA3BUBAEMOI1 TOKOM MOIITHOCTH.

DNEeMEHT IUIOMAAH AIUIUATICA

dS = ydx =y sin(wt+ @)t =2 ' sin(wt + p)sin atdt= "D gt
kZCO 172 CO 1 ZCO
(16)
rae W(t) — MrHOBeHHass MOIIHOCTH TOKa. [IpM 3TOM HAXOIUM CPEIHIOIO
MOIIIHOCTb T10 BBIPAKEHUIO.

1 T T
Wy =2 gwmdt =v !vv(ndt. (17)

CrnemoBarenbHO, TMOCJIE€ COOTBETCTBYIOIICH TIIOCTAHOBKW JJIA CpeaHEH
MOIITHOCTH TIOJTYYUM BBIPAKEHUE

Wepeo = VCoklkz_[dS =VCokik;S | (18)
S

rae S - mromane diumunca, v = I/T. Yacrtora v = 50 I't. Bemnunna k; u ks,
3a7a10Tcss. EMKOCTh ATaJOHHOTO KOHEHCATOpa M3BECTHA. TakuM 00pa3oM, s
U3MEPEHUsT MOIIHOCTHM OCTaeTcsl HaWTH W3 ONbITa IUIOWAAb DJUIUIICA,
nojyyaronierocss Ha skpane ociusuiorpada. [lmomanes »simurnca HaxoguM Yepes
JUTMHBI OCeM a W 6 DJUIAICAa COOTHOIICHHEM S = e, HaOmromeHus amurca
MO3BOJISIET U3MEPUTH HA dKpaHe ocmmuiorpada a U g, OnpenenuTsCOSQ, a 3aTeM
BBIYUCIUTE U W0
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OpueHTaIus 3JUTMIICa TI0 OTHOIICHUIO K OCSIM KOOPJUHAT 3aBUCHUT OT yIJia (.
Tak, Hanpumep, npu ¢ = 0, ©/2, T W T. 4. OCH DJUIMIICA COBMAIAIOT C OCSIMHU
KOOPJIMHAT.

h
X
Puc. 4.
N3 dhopmynel (15), narorieit cMeIeHue Jryda 1Mo ocu 0X, BUJIHO, YTO mpu ot =
0, m, 2w, ..., MOXXHO HAWTH COSQ W3 BRIPAKCHUS
cos ¢ = -X/Xo, (19)

rae Xo - ammiurtyga kojebanuii mo ocu OX, a X - KoOpAMHATAa TOYKHU
nepeceyueHusl JUIMIca ¢ ocklo abciuce (puc. 4). HalineHHoe, TakuM o0OpazoMm,
3HauY€HHUE COS¢ TMO3BOJIAET ONPEACIUTh PAa3BHUBAEMYI0 TOKOM MOILIHOCThH Ye€pe3
abdexTuBHBIE CHIIly TOKa W HampsDKeHus, Bxogsmme B dopmyny (11).
JIefCTBUTENHHO, AMIUIUTYAHBIC 3HAUCHHSI CHIIBI TOKA U HAMPSHKEHUSI MOYKHO HaWTH
10 aMIUIUTYIHBIM 3HAYCHUSAM X, M Yo Kak U, = Ko, lo=ko®CyX,. ITocie atoro
BBIYHCIIAIOT COOTBETCTBYIOLIYIO MOIIIHOCTb, UCIIOJIb3YsI BBIPAXKEHUE

Ww=1/2 (k1k2C0 Yo Xo ® COS(P). (20)

[opsiioK BBIOTHEHUS] PpaOOThI

1.Cobpath cxemy, moka3zaHHyl Ha puc.3. MccieayembiM ydacTKOM IEeNH
NEPEMEHHOr0 TOKA SBJIAIOTCS TOCIENOBATENbHO COEIMHEHHbIE KoHaeHcatop C,
peoctatr R u karymka camouHaykuuu L (BO3MOXHBI M Jpyrue BHUIBI HX
COCIMHEHU ).

2. Ilepen HavyasioM U3MEpPEHUM, TOCIIE TOTO Kak coOpaHa cXema, YCTaHOBUTh
CBETSALIYIOCS TOUYKY Ha 3KpaHe ocluuiorpada Ha ero cepeuHy Tak, 4YTOObl OHa
COBIIAJia C TOYKOM MEPEeCEUCHUs] CPEIHUX JTMHUN HA KOOPAMHATHOUN ceTKe (Heb3s
JIOJITO JIEp’KaTh SIPKYI0O TOYKY Ha OJHOM MECT€, TaK KakK 3TO IMOPTUT HKpaH
ociuiorpadudeckoi Tpyoku). Jlanee:

a) JEUCTBYS YCWICHMSIMH OcCHWuiorpada, MOXKHO TOJIYYUTh DILUTUIIC
(pacTsiHYTBHIM B TOM WJIM HHOM HallPaBJIECHUN);

0) ans omnpenesaeHUs MOIIHOCTH MEPBBIM CIOCOOOM HAl0 U3MEPUTH IITUHBI
OCEM AJUIHTICA a ¥ 8 ¥ BOCTIONB30BaThes (popmyiioit (18);

B) JUISl ONpe/esieHns BeIM4MHbI caBura ¢gas no dopmyse (19) u MonrHocTu
BTOPBIM CIIOCOOOM HEOOXOAMMO M3MEepUTh X U X0 U y U YO. Benumuuny 2x
U3MEPSIOT HEMOCPEACTBEHHO Ha 3KpaHe ociuuiorpada Ha 3JUIAINCE KaK OTPE30K
€ro cexyiiei (cm. puc. 4);

r) anas u3MepeHus: XO OTKIIOYAloT OT CXE€Mbl TOpPU3OHTAJbHBIE TIACTHHBI
ocuuiiorpaga U M3MEPSIOT JJIMHY MOJYyYMBIIECHCS Ha 3KpaHe TOPU30HTAIbHOU
pPa3BEpTKU OTPE30K: €€ JJIMHA Ternepb paBHa 2Xo. AHAJTOTUYHO HAXOASAT BETUYMHY
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Yo. Bce u3MepeHuss mpoaenbIBalOT HECKOJIBKO pa3 W BBIUUCIAIOT CpeaHee
3HaYCHHE U3MEPSEMbIX BEJIHUNH;

J1) OMBIT MPOJENBIBAIOT MPH HECKOJbKUX 3HAYCHHSIX COMPOTHUBIECHUS R u
émkoctu C, yKa3aHHBIX HA YCTaHOBKE.

3. Benuunnbl W u COS@ U1 KQXKJIOTO ClTydasi BBIYUCISIOT 10 Gpopmynam (16)
u (17).

Jluteparypa
1. MarteeB A.H. DnekrpuyecTtBo U MaruetusMm. — M: Boicmas mikona, 1983.
§49. - C.346.
2. CuByxun [[.B. O6mmit kypc ¢usuku. T.3 (DnextpuuectBo) — M: 1977.
§131. - C.581.

3. CasenweB U.B. Kypc obmeit puzukn. T.2. — M: 1978. §92.- C.264.

4. KanamnukoB C.I'. Dnektpuyectso. - M: 2004. §223. - C.479

5. ®pum C.O., Tumopena A.B. Kypc o6mieit pmusuku. — M:2007. T.2. §§ 232 —
234. C.432 — 446.

6. Hacrosmee yue6Hoe nocodue, yacts 1. §18. C.121. Ilpunoxenue 5.
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3aoaua 12.

SJEKTPOMATHUTHBIE BOJIHBI B IBYXITPOBOJTHOM JINHUU

Henb padoTbl: M3MEPEHHUE IJIMHBI BOJIHBI HU3JIYyYEHHUS BBICOKOYACTOTHOTO
TE€HEpaTopa; M3YYEHHE PACIPENEICHHsS] aMIUIMTYJ TOKAa W HAIpPSHKEHHsS BIOJIb
JIBYXIIPOBOJIHOW JINHUH.

IIpunapexxHocTu:  reHepatop  3JeKTpoMarHuTHbIX  BoaH  (I'BY),
MHoronpenenbHbld  aMIIEPBOJIBTMETP, IIYNBI JUIA TOKA M HANPSDKEHUS,
KOHTPOJIbHBIE JIAMIIOYKH HaKaJIuBaHus Ha 6,3 B

Cucrema, cocTosias U3 reHeparopa IEKTPOMArHUTHBIX KOJIEOaHUN U IBYX
OJIM3KO paCHOJIOKEHHBIX APYr K JApPYry HapauieidbHbIX IPOBOJOB, HA3bIBACTCS
cucremont Jlexepa. Takyro cucreMy MOXKHO paccMaTpuBaTh Kak KojeOaTelbHbIN
KOHTYp C pacupeiesICHHbIMU [IapaMeTpaMHu.

1)

8 D IS >

A c

Puc.1.
Ha puc.l npuBeneH ciydaii, Korja reHepaTop MOJKIIOYEH K ABYXIIPOBOIHON
JIMHUM B TOukax A u B.
Toraa Mexay 3TUMH TOYKAMH BO3HHUKAET NEPEMEHHOE JJIEKTPUUECKOE IOJIE
E . DTO 10IIe CO31aeT B IPOCTPAHCTBE NEPEMEHHOE MATHUTHOE MOJIE HHAYKLIUK B,
B cBOI0 ouepenpr M3MEHAIONIEECS MAarHUTHOE II0JIE€ CO3JAaeT B MPOCTPAHCTBE
IIEPEMEHHOE  BHXPEBOE DIEKTpUYECKoe mone E. llpomecc  B3aMMHOIO
MpEBpAIICHUsS] DJIEKTPUYECKOTO M MATrHUTHOTO ToJie OyAeT MpoaoKaThCs
HENPEPBIBHO.
TakuMm 00pa3oM, B IPOCTPAHCTBE MOSIBISIOTCS OEryIHe AJIEKTPOMArHUTHbIE
BOJIHBL. VIX ypaBHEHUE UMEET BU/
E(X,t) = E, cos(at —kx)
B(x,t) = B, cos(at —kx)’ (1)

2

A

SHAYCHHUA BEKTOPOB SJICKTPHUYCCKOTO 1 MAaIrHUTHOTO HOJ'ICI\/'I, X —XOJ BOJIHBI.

rne kK = - BOJIHOBOE 4MCJIO, @ - 4actota; Ey , By — ammiurymaHbie

HampaBnenuss  BEKTOpOB E wu B DJICKTPOMArHUTHOW  BOJIHBI
MEPIEHAUKYJIAPHBI K BEKTOPY CKOPOCTH PACIIPOCTPAHEHUS BOJIHBI V.

B AByXIIpOBOAHOW JIMHUM 3HEPIUs 3JIEKTPOMATHUTHOM BOJIHBI IEPENACTCS
IOJIHOCTBIO OT WCTOYHUKA B HArpy3Ky (4epe3 ABYXIPOBOJHYIO JIMHHUIO) TOJIBKO



153

TOT/A, KOTZIa B JMHUM HET NOTEPh M OTPAKEHUM HSHepruu. B 3ToM ciiyyae B
cucteme Jlexepa CyIIEeCTBYIOT TOJIbKO Oerymiue BOJHBI, TJI€  BOJIHBI
IEKTPUYECKOTO M MarHUTHOTO TIOJICH COBMAAIOT 10 ¢ase, U B MPOBOIAX HECYTCS
BOJIHBI TOKAa W HaNpsDKeHUW. VX aMIuMTynbl HE 3aBUCAT OT KOOpAMHAT 0X, a
IJIOTHOCTh NEPEHOCUMOM DHEPIMM ONpENesieTcss BEKTOpoM YmoBa — [lolTuHra
I = [EH]. Takasa curyamusa B cucreMe Jlexepa BO3HMKAET, €CIM JIBYXIPOBOJHAS
JUHUS MO0 OECKOHEYHO JJIMHHAS, MO0 3aMKHYTa KOHEUHBIM CONPOTHBIICHHUEM,
U3BECTHBIM KaK BOJIHOBOE COIPOTHUBJICHHE Z, OMNpPEIEIsIeMO€ KaK OTHOIIECHUE
aMIUTUTY]] HaNpsDKEHUs U TOKa B Oeryiied BosiHe. Eciid cuMTath, 4TO TEIUIOBBIC
MOTEPU TOKA B JIMHUM Majbl, a yT€UKa MEXAY IMPOBOJAAMHU HE3HAUMUTENbHA, TO
MPUOJIMKEHHO BOJHOBOE COMTPOTUBIICHUE PABHO

L
Z =\ (2)

Tak Kak UHAYKTUBHOCTh €IMHUIILI JJTUHBI JIUHUU L 1 eMKkocTh C 3aBUCST OT
FEOMETPUYECKUX pa3MEpPOB M HX B3aUMHOTO PACIOJIOKEHHUS, TO BOJHOBOE
CONPOTHUBJICHUE  MOXKHO  BBIPa3UTh  4Ye€pe3  T'COMETPUYECKHUE  pa3Mepbl
JIBYXIIPOBOJHOM JIMHUM B TAKOM BHUJE

Z =276 loq( a/d), (3)

TJIE a - PacCTOSIHUE MKy MpoBoaMH, d - TuamMeTp MpoBoa.

Ecnu nunus 3akopodena (R = 0) wiu pazomkHyTa (R =), Ha KOHIIE JIMHUA
MPOUCXOJUT TOJTHOE OTPAXKEHUE SHEPIUH, U B JIMHUU YCTAHABIMBAETCS CTOAYAs
BOJIHA.

Ecnu Harpy3uTh TUHUIO HA KOHIIE COMPOTUBIIEHUEM OOJBIINM WJIM MEHBIITUM
BOJTHOBOTO (R # Z), TO MOSIBUTCSL OTpakeHHAs! BOJIHA U HapsiAy ¢ OeryIieil BOiIHOU
B JIMHUU YCTAHOBUTCS CHMOAYAA 80JIHA.

Heo6xonuMo uMeTh B BHIY, YTO B pPEIbHBIX JBYXIIPOBOJHBIX JIUMHUSX HE
MOTYT OBITh MPAKTUYECKU OCYIIECTBICHBI PEKUMBI YUCTO OETYIIMX WA YHUCTO
CTOSYUX BOJIH. [ [pUuMHBI 3TOr0 - HaJIMUKE BO BCAKOM PEAIbHOU JIMHUU OTPAKEHUM
U TOTEpPhb, CBSI3aHHBIX C BBIICJICHUEM JDKOYJEBAa TEIJIA W MU3JIy4EeHUEM
AJIEKTPOMArHUTHOM SHEPTUU B OKPY>KaIOIIyIo cpeny. Takum oOpa3oMm, B peaibHOM
JBYXTPOBOJAHOW JIMHUM BCET/Ia UMEET MECTO CMEIIAHHBIA peXuM Oerymux u
CTOSTYMX BOJIH.

[Ipotiecc oOpa3oBaHUs CTOSYUX BOJH B O8YXHPOBOOHOU JIUHUU KOHEUHOI
OJIUHBl TIPOUCXOJUT CIIEIYIOIIMM 00pa3oM (IJIsi MPOCTOThI PACCMOTPUM TOJBKO
ANEKTPUYECKYI0  COCTAaBJISAIONIYH0  DJICKTPOMArHUTHOW  BOJIHBI).  3amuIiieM
COOTBETCTBYIOILIEE YpPAaBHEHHE JUIsl TJIOCKOW BOJHBI, PACIPOCTpPAHSIONICHCS B
TIOJIOXKHUTEIBHOM HarpasiieHuu 1o ocu OX (0 anekmpuueckozo sexkmopa E)

E, = E, cos(at —kX) . (4a)
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—

1l

NS
NANVE

YpaBHeHue /U1l OTpaXKCHHOW BOJIHBI Oy1€T UMETh MPU 3TOM BH/T
E, = E,cos(at +kx—¢) , (46)
rae ¢ - $as3oBbId CABUT MEXKIYy Oeryiieid U OTpakeHHOW BoJHamu. byaem
CUMTATh, YTO OTPAKEHHE MPOUCXOIUT O0€3 MOTEePh IHEPTUU, TTOITOMY AMIUIUTY/IBI

Hana}omeﬁ u OTpa}KeHHOﬁ BOJIH OJJUHAKOBEI. O6e BOJIHBI, CKJIaAbIBasCh, O6pa3YIOT
CTOAYYIO BOJIHY

E(x,t)=E, +E, =2E, cos(kx—¢@/2)cos(at —¢p/2) (5)
Kak 3T10 cnemyer u3 BelpakeHus (5), eclid Ha JJIMHE JIMHUM YKIIAIbIBACTCS

1[eJI0€ YKCJIO MOJIYBOJIH, TO (Da30BbIN CABUT OYyAET MOCTOSHHBIM. Torjga B JUHUU
oOpa3zyeTcst CTosiuasi BOJIHA, aMIUIMTYJa KOTOPOil paBHA

SN

2E, cos(kx—¢ /2 (6)
YTO YK€ SIBISeTCS (PyHKUMEH OT KOOpAMHATHI X . Bua 3Toil pyHKIMM NOKa3aH Ha
puc.3 .
Iyunocme
<2
i |
| |
ol \! |
) i | v
™ | | X
0 o
1 2 3
6 E
1 . B3aumnas ~ OpHMEeHTHPOBKA
Vaen r/l2 NEKTPUYIECKOr0 H MAarHATHOTO BEKTODOB

ho (a) ‘K TIOCJIe (6 H 6) OTPpazKeHHud

Konebanus 3eKTpHYECKOr0 S7IEKTPOMArHUTHOA BOMHE!

TIOJNIS B CTOSYEH BOJIHE
Puc.3.
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AMiMryga KoneGaHuil BeKTopa E B CTOSYEH BOJHE 0oOpamiaercs B HyJb B

TOYKaX, UII KOTOPBIX COS(kX—¢/ 2) =0. Dtu Toukm HazwBarOTCH y3namu
AJIEKTPUYECKOTO TIOJIA choaueu 6ouansbl. 110 cepenuue Mexay ABYMs COCEIHUMU

y3JIaMH B TOYKE, I'€ COS(kX—¢/ 2) 21, aMILTUTyla KoJeOaHui MaKkCHUMallbHa.
Takue TOYKM HA3BIBAIOTCS HYYHOCMAMU DICKTPUUECKOTO BEKTOpa CmoAauel
6onnvl. B cmoaueil 6onne ne npoucxooum nepeoaua 3Hepzuu 4Epe3 y3ibl WIN
MIYYHOCTU BOJIHBI I UMeent MeCH o MobKo J10KAIbHOe ee 8030ycoeHue.

B crosueil BonHe koneOanus BektopoB £ m B me Oymyr comagats mo
daze, xak 510 ObUIO I Gerymieil BOJHBI. XapakKTep paclpeieleHHs Y3II0B H
IIy4HOCTEN DIEKTPHMYECKOTO M MATrHUTHOIO IIOJEH B CTOSYEN BOJIHE 3aBUCUT OT
YCIIOBHH Ha KOHIIAX JIMHHH, T.€. OT TPAHUYHBIX yCIOBUH (puc.4.).

PaccMOTpHM JBYXIIPOBOJHYIO JIMHUIO, OJUH KOHEL KOTOPOM Pa3OMKHYT, a
BTOPOIi - MHIYKTHBHO CBS3aH C T€HEPATOPOM BBICOKOM 4acToThl (puc.5). Tak kak
Pa30MKHYTHIA KOHEIl TPAHUYMT C JUIJIEKTPUKOM R = oo, TO, mo 3akoHy Oma,
AMIUIUTY/la TOKA Ha KOHIIE JIMHHMU OyJIeT paBHa HyJIO, a 3HAYMUT, 3[eCh OyleT

HAaXOAWThCA y3€Jd MarHuTHOTO mojis B U, cloegoBaTenbHO, IYYHOCTH
ANEKTPUYECKOTO TOJIA R re. MYYHOCTh HanpsbkeHus (puc 4, 5a).

Ecou nunusa 3akopodenHa (R=0), To aMmiauTyaa HampsbKeHHsT Ha KOHIIE
auHUU OyAET paBHA HYJIIO, @ 3HAUUT, 37€Ch OYJIeT HAXOIUTHCS

L S
mr

|
YLy

|
|
I
¢
:

X

Puc.4

y3€Jl IEKTPUUYECKOro MoJig E U, CIeN0BATENbHO, MyYHOCTh MArHUTHOIO MO B,
T.€. oOpa3yeTcsi My4YHOCTh TOKA W y3eJ] HampsbkeHus (puc.4 a), 1 Hao0opoT, eciu
JMHUS pa3oMkHyTa ( R — 00), To aMmiuTyaa Toka Ha KOHIC JUHHK OyAeT paBHA
HYJI0, a 3HA4YMUT, 37eCh OyJAeT HaxOIUThCA y3€1 MArHUTHOTO TIOJS W,
CJI€IOBATENLHO, IyYHOCTh DIEKTPUYECKOTO MONs B, T.e. 00pasyercs My4HOCTh
HaMpsOKEHUS U y3el Toka (puc.4 6).

Onucanue n1ad60opamopHoil ycmanoeKu 013 u3y4eHus J1eKmpoOMazHUNHbIX

60J1H 6 08YXNPOBOOHOIU TUHUU.

YcraHoBKa COCTOMT M3 TEHEpaTopa HE3aTyXaroUIMX AJIEKTPOMAarHUTHBIX
KOJIeOaHUM, JBYXMPOBOJHOW JIMHUU JJIMHOK OKOJIO 5 M (PacCTOSHUE MEXTY
npoBojamMu a = 124 mm, guamerp megHoro nposojga d = 2,38 MM) U JBYX,
nepeMeniaemMbix BAOJb JIMHUM, HW3MepuTeNed mnojs (MHAUKATOpbI) - OJIUH
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WHUKATOP U3MEPSAET BEINUUHY, IPOMOPIIMOHAIIBHYIO KBaIpaTy aMILUIUTY/IbI TOKA,
MPOTEKAIOLIEr0 MO JIMHUH, a APYTOW - BEIMYUHY, NPOMOPLHOHAIBHYIO KBaJapaTy
aMIUIUTYJbl HanpspkeHusa. H3MmepeHus paclnpefeneHds amIUIMTYZ[ TOoKa M
HAIMpsHDKCHUST BIIOJIb JIMHUM TIPOU3BOJATCA HMHIUKATOPAMHU, CXEMBI KOTOPBIX
n300pakeHsl Ha puc.5 u 6.

Nunukatop TOka B  BHUJAE BHUTKAa CBSI3M  (pUC.5) OPUEHTUPYIOT

NEPHEHANKYJIAPHO K HANpaBICHUID MAarHUTHOTO IOJIS B. DIC WHIYKIWUH,
HaBOJMMas B HEM BBICOKOYACTOTHBIM MAarHUTHBIM IIOJIEM, IpU ATOM  Oyjer
IPONOPIUOHATIbHA aMIUIUTYJIeé TOKa B TOM CEYEHHWU JIMHHUHU, OKOJIO KOTOPOTO
pacIoI0kKEH BUTOK CBA3H.

Wuaukatop HanpspkeHWsT B BHAE€ NPUEMHOM AaHTEHHBI  PacIoJiararoT
napajyiebHO MPOBOAAM JUHUM BOJM3M HUX, KaK 3TO MOKa3aHO Ha puc.6. Ilpu
5TOM BBICOKOYACTOTHOE JJIEKTPHYECKOE MoNe £ OydeT MHIyIMpOBaTh B LEMH
npudopa TOK, MPONOPLUUOHAIBHBINA AMIUIUTY/IE HANPSDKEHUST MEKy TPOBOJAMU, B
TOM CEYEHHH JIMHUHU, OKOJIO KOTOPOTO PACIIONIOKEHBI BUTKU CBA3H.

(4

Puc.5. Puc.6.

Heobxoaumo y4ecTh, 4TO HAMPSHXKEHHOCTh JJIEKTPUYECKOTO0 M MArHUTHOTO
noJiel BOJIM3U MPOBOJA OUYEHb CUJIBHO YOBIBAE€T C M3MEHEHHEM PACCTOSIHUS OT
npoBoja. Hampumep, u3aMeHeHue pacCTOSHUS Ha OJIMH - JIBa MHJUIUMETPA MOXKET
MPUBECTH K 3HAYUTEITHHON OIMMOKE, MO3TOMY HEOOXOIWMO TpPH H3MEPEHUHU
VHJIMKATOP JAEPXkKAaTh HA OJHOM U TOM K€ PACCTOSHUM OT JIMHUU HA BCEU €€ JJINHE.

Pexomenayercsa BO BpeMs U3MEPEHUM AEPKAThCSA MO BO3MOKHOCTH JajblIe
OT JIMHUH, TaK KaK, HAXO/ACh BOJM3H JIUHUU, IKCIIEPUMEHTATOP OYyJEeT BIUATH Ha
pacnpeaeaeHue mnoisl.

Ynpaxnenue 1.

Hszmepenue Onunbl 31eKMpomMacHUmHOU 80IHbL U
onpeoenenue Yacmomol 2eHepamopa

JIyist u3MepeHust JUTMHBI BOJHBI ¢ TIOMOIIBIO JBYXITPOBOIHON JTUHUU YAOOHO
WCITOJIB30BATh YCJIOBHS, KOT/Ia B JIMHUHM YCTAHOBHJIOCH OJHO U3 €€ COOCTBEHHBIX
KoJIeOaHMi, T.e. UMEET MECTO PE30HAHC JIMHUU ¢ TeHepaTtopoM. st Toro, 4ToObI
HACTPOUTH JIMHUIO B PE30HAHC, JTUHUIO 3aMBIKAIOT XOPOIIO MTPOBOIAIINM JIUCKOM U
MpY MOMOIIHA WHAWKATOPOB OTHICKHWBAIOT IMOJIOKEHUE JUCKA, COOTBETCTBYIOIIEE
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peXuMy JHHUK. B KauecTBe HMHAMKATOpa B JaHHOW pPabOTe UCIIOIb3YyeTCs
MEPEMBbIUKA C HEOHOBOW JIAMIIOYKOW WJIM JIAMIIOW HakanuBaHus. MHIuKaTopsbl
HaIpsHDKEHUST U TOKA Jal0T TeM OOJIbIlle MOKa3aHUsl COOTBETCTBEHHO B IMMYYHOCTSIX
HaNpsDKEHHUS. U TOKA, 4YeM TOYHEE JIMHUS HACTPOE€Ha B pe3oHaHc. Hamo mMeTs B
BUAY, OJIHAKO, YTO NPU TMEPEMEHICHUSAX OUCKAa CMEMIAITCA M IOJIOKECHUA
IyYHOCTEW, B KOTOPBIX HAJI0 MTOMEIIATh NHINKATOPHL.

Paccrossane | wmexay aAByMss MakCUMyMamM#l HaNpsDKEHHS WM TOKa,

. A
HaliIcHHOE  IEepeMENIAOIMMUCS ~ WHAWMKATOpaMu, Oymer pasHo | =7,

Cnenosarensro, A = 2| . Takum 06pasoM MOXKHO ONPEICIUTH U YACTOTY

C C

reLeparopa vV = z = ; , TJC € - CKOPOCTh PACIIPpOCTPAHCHUA BHCKTpOMaFHHTHOﬁ

BOJIHBI B Cpeie, IPHHIMaeTcst paBHoii 3.10° m/c.

YnpaxHenue 2.

Hccnedosanue pacnpedenerus amniumyo moka u
HanpsfceHus 800Jib JIUHUU.

DTHU U3MEPEHUS CeAYyeT MPOBECTH MPHU JIBYX HArpy3Kax Ha KOHIIE JIMHUU:

1. R =0, T.e. TMHUS 3aMKHYTa IUCKOM, U R = Z, Kor/ia Ha JJUHUU YCTaHOBJICH
noryiotutenb. [lornoTutens U3roTOBIEH B BHUJIE KOHyCa W3 T'yO4yaTOW pE3UHBI,
MPOMUTAHHONH pacTBOpoM Tpadurta. Takoll MOrIOTUTENh HAa KOHIE JWHUU
AKBUBAJICHTEH HArpy3ke JMHHM, PABHON BOJHOBOMY CONPOTUBICHHIO. OaHAKO
HEOOXOJIMMO YYeCTb, UYTO JaXe MPU OUYEHb JJIMHHBIX JHHUSAX U XOPOIIHUX
MOTJIOTUTEIISAX, HEBO3MOXKHO TMOJIYYHTh TOJBKO OETYIIYI0 BOJHY, MOITOMY 37E€Ch
OyIyT BO3HUKATh OJJHOBPEMEHHO OETyIias 1 CTos4asi BOJHBI.

J171s1 BBITIOJTHEHUS YIIpaKHEHUST HEOOXOAMMO, TepeMeIias UHIUKATOPhI BAOb
JMHAW Yepe3 KaxIple 5 CM, CHATh 3aBUCHUMOCTH aMIUIUTyAbl Toka I(X) wu
aMILTUTYAbl HarpspkeHust U(X) U1t IBYX ClIydaeB CTOSIUEH BOJIHBI:

a)R=0wu 60)R=2Z.

2. 3aBucumocty 1(X) u U(X) 11t KaKA0To ciiydast MPeICTaBUTh rpaduuecKH.
[Ipoananu3upoBaTh NOJYyYEHHBIE PE3YIIbTATHI.

3. Iloka3ath, 4TO B Cilyyae MPUMEHEHUS TMOIJIOTUTENS B JIMHUM MpeodIagacT
oeryias BoJHa.

4. OtieHUTE CTENEHb MOTJIOMICHUSI YHEPTUU BOJIHBI TTOTyIoTUTENEM. J[Jis A TOTO
HY>KHO MOMECTUTh MHAUKATOP TOKA WM HAIpPSHKEHHS 10 W TOCJE MOTJIOTUTENs
pUMEpHO Ha paccTossHUA 10 — 20 ¢M OT MOTJIOTUTENS U CPABHUTD PE3YJIbTATHI.

Jlureparypa
1. MarseeB A.H. DnexkrpuuectBo U MarueTusM. — M.: Beicmas mkomna, 1983. § 59 — 60. -
C.398.
2. Cusyxun [I.B. O0umii xypc ¢usuku. T.3 (OnexkrpuuectBo). - M: Hayka, 1977. §
143. - C. 620.
3. Kanamnukos C.I'. DnextpudectBo. - M: Hayka, 1985 - C.496.
4. CasenneB U.B. Kypc o6mieit pusuku. T.2, M: Hayka, 1982. §104 - 107, §99,93.

5. Hacrosmee yuebHOe mocobue, gacts 1. §§18-21. C.172, 176, 188.
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3aoaua 13. OIPEJEJEHHUE YJAEJIBHOI'O 3APAJIA DJIEKTPOHA
METOAOM MAT'HETPOHA

Ileap padoThbl: OompenencHUe YAEIBHOTO 3apsia JJIEKTPOHA IOCPEICTBOM
U3Y4YEHUSl €ro JBM)KCHHS BO B3aUMHO NEPHEHANKYJSPHBIX 3JIEKTPUYECKOM U
MAarHUTHOM MOJISIX.

IIpuHaqIeKHOCTH: BaKyyMHBIM WO, COJICHOMJ, UCTOYHHUK IMHUTAHMS IS
comeHonaa, BVYII, mukpoamnepmerp, ammnepmerpel Ha 1.5 A, BOJBTMETP,
peocCTaThl.

Hcnonp3yemMplii METOJ ONPENENICHUsl YAEIBHOTO 3apsjia e/m W3BECTEH B
JUTEPATYPE KaK METOJ MarHeTpoHa. [[poncxox1eHne Takoro Ha3BaHMsI CBSI3aHO C
YOPABJISIEMBIM MAarHMTHBIM IOJEM B BaKyyMHOM JHOJIE€ - MAarHeTpPOHOM,
CJLy>KalllM JUJIsl TEHEPALUH 3JIEKTPOMAarHUTHBIX BOJIH.

DNEKTPOHBI, MCIyCKAa€Mbl€ HArpeThiIM KaTOJOM BaKyyMHOro JUOJa,
JBUKYTCSl B KOJIBLEBOM IIPOCTPAHCTBE, 3AKIIOYEHHOM MEXy KaTOJAOM M aHOJAOM
(KoakcHanbHBIMHU IWIIMHJIPUYECKUMHU 3JeKTporaMu). brarogaps takoi dopme u
PACIIONIOKEHHUIO DIEKTPOJOB DJIEKTPUUECKOE TII0J€ FE B MEKIJIEKTPOIHOM
IIPOMEKYTKE HaAIpaBJiI€HO MO paauycy OT aHoa K karoay. CaM BaKyyMHBIA JUOJ
TIOMEMIEH BHYTPh COJIEHOMA TaK, YTO MATHUTHOE TIOJIE COJIEHOUIA B HAIPABIEHO
napajyielbHO OCH KaToja, T.e. NEPHEHAMKYJSPHO K DBJIEKTPUUYECKOMY IMOJIO.
DIEKTPUYECKOE MOJIE YCKOPSET 3JIEKTPOHBI B MPOCTPAHCTBE MEXKIY AJIEKTPOJAMHU,
a MarHUTHOE II0JI€ MCKPUBISAET MX TPACKTOPUIO (3TO HCKPUBJIIEHUE CBS3aHO C
cuinoit Jlopenma). B pe3ynpTare, HUCKpHUBJIEHHAs TPAEKTOPUSA HJIEKTPOHOB,
JBUKYLIUXCA MO/ IeHCTBUEM KOMOMHALIUU 3JIEKTPUYECKOTO M MArHUTHOTO TIOJIEH,
MO>XHO OIIMCAaTh YPABHEHUWEM  JIMHAMMKHM BpaIATEIbHOTO JBWXXEHHUS 4YeEpe3
MOMEHT CUIIBI M :

dC

=% [, .. alre] o lrlog]) ®
re ( - 3apsija dJEKTPOHa; F yar - CHIIA Jlopenua; L — momeHT uMmynbea (L
=lw); | = mr’ — MOMeHT WHEpIMU; M — Macca 3JIEKTPOHA; @- YTJIOBasi CKOPOCTh

BpAILICHUA JICKTPOHA MO OKPYKHOCTH; U = [60 ] - JINHEWHAs! CKOPOCTh BpaILlCHUS

—

9JIEKTPOHA IO OKPYKHOCTH paauyca | .
N3 Beipaxkenust (1), mocie ero HMHTErPUPOBAHMS MO BPEMEHHU, ISl @
noJiy4aem
e
w=-"8, 2)
U3 KOTOPOTO BUHO, YTO YTJI0Basi CKOPOCTh ANEKTPOHOB JTUHEHHO
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3aBUCUT OT B W TIpu JaHHOU
VHIYKIAW MAarHuTHOTO TIOJIA SIBJISIETCA
BEJIWYHHOMN MOCTOSHHON. OTMETHM, 4YTO
HaJu4yue  YIVIOBOM  CKOpOCTH Y
AJIEKTPOHOB CBUJECTEIbCTBYET 00
VCKPUBJICHUU 1504 TPACKTOPUU
MarHUTHBIM IOJIEM.

IIyTi 97EKTPOHOB B IIMIHHADHYE(KOM
| MArHeTPOHe

Puc.1.
[IpuMepHBI BUI TPACKTOPUM DJIEKTPOHOB JUISl PA3JIMYHBIX 3HAYeHUU B
MOKa3aH Ha puc. 1.
TpaekTopus 3JIEKTPOHOB B OOLIEM Cy4yae MPEJCTaBIsET COOOW KPHUBYIO C
NEPEMEHHON KPUBHM3HOM, yMEHbIIAIOUIEHCS Npu NpUOTMHKEHHH K aHoay. YUem
CWJIbHEE MAarHUTHOE IO0JIe, TEM OOJIbLIE HWCKPHUBICHHE TPACKTOPUU 3JIEKTPOHOB.

[Ipu B =0 tpaekTopus npeacTaBiseT npsaMyro nuauio (puc.la). [pu nomsx B<<
B.», B< By, TpaexTopusa HCKpHBIAETCSA, HO DJIEKTPOH BCE XKE JOCTUIAET aHOMA
(puc.1 6 u ). IIpy HEKOTOPOM KPUTHUECKOM 3HAYEHUU WMHIYKIUU MarHUTHOTO
nojs B,, TpaeKTOpus UCKPHUBIAETCS TaK CUJIBHO, YTO B CaMOM YJAJI€HHOH OT
KaroJa TOYKE DJIEKTPOH TOJBKO Kacaercs aHoja. M, Hakoweu, mpu B > B,
DIIEKTPOH COBCEM He momnanaer Ha aHox (cM. puc.l ¢). Tox guona mpu B = By,
HAYMHAET PE3KO YMEHBIIAThCA W C pOCTOM B cnajgaer no Hyas. WMuaykiuio
KPUTHYECKOTO 10s B,, MOXXHO HAalTH, €CIIU NIPUHATH BO BHUMAaHUE, YTO IIpU B =
B,, pannaibHas COCTaBIAIONMAs CKOPOCTH 3JICKTPOHA 00pAIaeTcs B HyJIb M B OTON
TOYKE OCTAETCS TOJIBKO TAaHT€HLIUANIbHASL COCTABJISIONIAs CKOPOCTH U, = @ I
VYuuTteiBas, 4TO MarHUTHOE IOJIE€ HaJ 3JEKTPOHOM pabOTy HE COBEpILAET,
paboTa 3JEKTPUUYECKOTO MOJs MO NEPEeMEUICHUIO JIEKTPOHA OT KaToJa K aHOIy
OyZeT paBHa NPUPALLEHUIO KHHETUYECKONW SHEPTUH 3JIEKTPOHA
2
qU _ mo. | (3)
2
rae U - pasHOCTh MOTEHUMANIOB MEXIy KaTtoxoM M aHomgoMm. Iloacramiss B
dbopmyiy (3) COOTBETCTBYIONIHE 3HAYCHUS I U, M @, TIOJIYIHM
U= dre; @
B kayecTBe HCTOYHHMKA OJHOPOJHOTO MArHUTHOTO ToNg B pabdore
ucnoip3yercs aauHHbIN (d/I<<1) comenomna. MHAYKIWIO MarHUTHOTO IOJIS B HEM
HaXOJUM IO TOKY |, IpOTEKAroIIEro no CoJIeHouy

B=wnl. n B, = unl,, (5)
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N —YUCIO BUTKOB HA €IMHMILY [JIMHBI COJICHOMJAA, [ —MarHUTHas
MOCTOSTHHASI.
VYuuteiBast cooTHomeHUE (5) paBeHCTBO (4) MOKHO NIEpENucaTh B BUJIE
q,. __ 8
kU=—1,, tme k=——=— (6)

m wn’r?’

Ypasuenue (5) npeacraBisier coO00H ypaBHEHHE TPSIMOU, MMPOXOAIICH depe3
Havano koopauHaT. OHO MO3BOJSIET BBIYUCIWUTH OTHOIIEHHE e/m. Jljia 3Toro

2
HeoOxomumo moctpouts rpapuk saBucumoct KU = f(l_). Tanmrenc yrma

HaKJIOHa 3TOoro rpaduka k ocu 0X (0ch I2,<p) JIaCT BEJIMYMHY OTHOILICHUS e/m.

[lops10K BBIMOTHEHHS PaOOTBHI:

1.CoOpath 5JIEKTPUYECKYIO CXE€My, MpUBEJACHHAas Ha puc.2, rtae: [ -
BAKYYMHBIN 1nof C aHoaoMm A u katoaoMm K, /[ - conenoun, M4, 4 - aMmnepMmeTpsl,
V — BosmbT™MeETp, R - peocrarsl. Ilutanue nuoga ocymiecTBIsIETCS OT WUCTOYHHMKA
nutanus BYII - 22. Hute Hakama quoaa mutaeTcs oT Beixona " «6,3B» depes 6ok
crabunu3zanuu Ha BYIle. OOMOTKa coeHOnIa MUTAETCS OT BBIXOA BBIIPSMUTEIS
C pEryJIMPyEMBbIM HAIIPSKEHUEM.

Py
o

(R —
x‘i‘s|@

O

md)—(® ]

~ 6,38

Puc. 2. [IppuHunnuanbsHas 3MeKTpUYEcKast CXeMa YCTAaHOBKH.

Cuna TOKa, mOTpeOisieMas COJEHOUIOM, H3MEPSAETCA C€  IOMOIIBIO
amriepmerpa. TOK depe3 COJICHOUJ U3MEHATh, PErYJIMPYs BEJIMYUHY HAIPSOHKCHUSA
Ha BbIXOJIe 0JI0Ka MUTaHUS.

Ilepeo mnauanom pabomer ycmano6ums NOMEHYUOMEMPbI, pe2yaupyioujue
Hanpsicenus Ha evixooe BYIla, 6 kpaiinee nesoe nonodicenue.

2. Brmrounte BYII — 22 1 ¢ noMOLIBIO MOTEHIMOMETPA YCTAaHOBUTH
aHonHoe Hanpspkenrne U B mpenenax pabouero auanaszona "10 — 25 B".
3. Bpamas pyuky perymupoBanus Ha BYIle mobuthcsi, uToOBI cTpenka

aMIIepMeTpa, U3MEPSIONIETr0 aHOAHBIN TOK |,, HAX0aUIack B Mpeeax mKajbl (Mpu
|. = 0). 3anucats 3nauenus U, |, u |, B Tabmumy 1.
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Taoauna 1.

U.B

Ul U2 U3 U4

|, men l., MA |, men I, mMA |, men I, mMA |, men I, MA

5. Pyukoii peryupoBKH BbIXOJ]a YBETUYUBATh TOK COJICHOUA Yepe3 KaxK/ble
0,1 A no 1,5 A u OJHOBpPEMEHHO CJEAUTh 3a CUiIoW aHomHoro Toka l,. Tok
COJICHOM/Ia YBEIWYUBATH JI0 JOCTHKCHHUS KPUTHYECKOTO PEXHMMa, T.. JOOUTHCS
3HAYNTEILHOTO YMEHBIIICHHUSI aHOJHOTO TOKA MPU YBEIMYCHUH TOKA COJCHOWIA.
3navenue Benmuunsbl .1 |, 3anectu B Tabnuiry 1

6. YkazaHHbIC U3MEPEHUS MPOJACIATh NMPH PA3IMYHBIX 3HAUYCHUSAX aHOIHOTO
HanpspKeHus, B3sAThIX B mHTepBaje "10 — 25 B". Jlng kaxmgoro 3nayeHus U
WU3MEPCHUS IOBTOPHTb.

7. Ilo nmanHbpiM Tabmunbl 1 moctpoutTs s pasnmuudbix U. rpaduxu
3aBucumoctd |, = f (l.), koTopsie Ha3pIBalOT "COPOCOBOH XapaKTEpUCTHKOW'.
[TockonbKy y BBUIETAIONIUX W3 KaToAa JJIEKTPOHOB €CTh HEKOTOpas HayaiabHas
CKOPOCTb U pazOpoc 3JIEKTPOHOB MO BEIUYMHE ITOM CKOPOCTH, TO cOpocoBas
XapaKTepucTuka He OyleT crajaTh TaK Pe3KO, KaK 3TO CIeAyeT U3 TECOPUHU, UTO
M300paKEHO Ha pPUC.3 MYHKTUPHOW IMHUEWH. KpuTudeckue ycioBHs, MOITOMY
OyIyT HOCTUTAThCS ISl Pa3IUYHBIX 3HAUYeHUU Toka l. DTo mpuBOaUT K OoJee
IJIAaBHOMY CIajly cOpOCOBOM XapaKTEpUCTUKH (CIUIONIHASL KpuBas Ha puc.3). Ota u
JIpYrUe TPUYHHBI MPUBOIAT K JOMOJTHHUTEIBHOMY  CIUTQKMBAHUIO COpPOCOBOM
XapaKTEPUCTHKH, YTO 3aTPYIHIECT TOYHOE OTIPEICICHUE /M.

L.

0 I I

TF T

Puc. 3 Puc.4
8. Ilo moctpoennsiM 3aBucumoctsim |, = f(l;) HaliTn kpuTHYECKOE 3HAYCHUE
TOoKa coneHonga l,,, paBHOEe cuile Toka coseHouzaa |, B camoM Hayane cmana
KpuBoi Toka (puc.4) Haiinennsle 3HaueHus |, u coorBercTByronme 3Hauenus U
3aHECTH B TaOIMILy 2.
Taoauma 2

U, B l,,, MA kU Ly
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9. Paccunrtath 1 3aHecTH B TaOnuIy 2 BenuauHbl KU 1 Izkp. 3HayeHus I U N U
JIpYTUe JaHHBIE B3STh U3 MACIIOPTa YCTAHOBKH.

s nanHou ycranoBku: d, = 10 mm; d, = 0,6 Mmm; N = 15250 M)

10. TTo maHHBIM TabmuIpl 2 mOCTpouTh Tpaduk 3aBucumoctd KU ot IZKp,
KOTOPBIH, COTJIACHO YPABHEHUIO (6) TOJKEH MPEACTABIATh COO0M MPSIMYIO JIMHHUIO,
POXOJSIIYIO YEPE3 HauaJIo KoOpAuHAT. TaHreHe yria ee HakjoHa K OCH 0X paBeH
BEIIMYMHE €/M

11. CpaBHUTH MOydeHHOE 3HAYCHUE /M C TaOJMYHBIM 3HaueHueM e/M Juis
AJIEKTPOHA U ONPEAEIUTh OTHOCUTEIBHYIO MOIPEUIHOCTh U3MEPEHUH.

Jlureparypa
. MatBeeB A.H. DnekrpudectBo u maraetusMm. — M: BIII,1983. §9,§§ 34,39.
2. CuByxun /JI.B. O6muii kypc ¢usuku. T.3 (snextpuuectBo). — M: Hayxka,
1977. §§40, 49, 55,86. I'n. I11.
. Kamamraukos C.I'. DnektpudectBo. - M: Hayka, 1985, ri. XVIII, §§178-182
4. Casenne U.B. Kypc o6mieit puszuku. T.2, M.; Hayka, 1982. I'n. X, §§72-74,
- C.201.
5. ©@pumt C.3., Tumopena A.B. Kypc obmeit pusuku. — M.: 2007. T.2. §§ 214,
218 — 219. C. 365, 382
6. Hactosmee yae6Hoe mocobue, yacts 1. §§1,13,14. C.6, 108, 114.

l_\

w
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3aoaua 14.
CHSITUE KPUBO HAMATHUYUBAHUS U TIETJIN
I'MCTEPE3UCA ®PEPPOMATIHETUKOB B TIEPEMEHHbIX
MAT'HUTHBIX TOJISX

Henr  pabdorbl:  uccIEAOBaHME  NPOLECCOB  HAMArHMYMBAHHUS U
nepeMarHuyruBanus (HEppOMArHUTHBIX MaTEPUAJOB B MEPEMEHHOM MAarHUTHOM
noJIe.

IIpunanIeKHOCTH: TOPOUJATBHBIN TpaHChOpMaTOp, 3BYKOBOM T€HEpaTop,
ocuiiorpad, aMnepMeTp Uik BOJIbTMETP, TpaHCHOpMATOP MOHMKAIOIIHM.

MarnuTtHoe 1oJie, CO3JaHHOE B BaKyyMe€ U B Cpelax OJHUM U TEM KE TOKOM
OTJIMYAKOTCSA JAPYr OT Jpyra. OTO TMOKa3bIBAa€T, 4YTO pa3JIUYHbIC BEIIECTBA B
MAarHAuTHOM IOJIE HAMArHUYMBAIOTCS, T.€. CPEAbl CAMU CTAHOBATCS MCTOYHHUKAMU
MarHuTHOTO ToJisg. Pe3ynpTupyroliiee MarHuTHOE TOJIe B CPe/ie SBIACTCS CyMMOM
MoJjieil, Cco3/1aBaeMbIX MPOBOJHUKAMU C TOKOM M HaMarHMYEHHOW cpenoil, u
MOATOMY HE PaBHO MOJIIO B Bakyyme. BemiecTBa, crmocoOHbIe HaMarHUYMBaThCA,
Ha3bIBAOTCS MACHEMUKAMU.

[IpyunHa HaMarHWYMBaHMS 3aKJIOYAETCS B TOM, YTO BO BCEX BEIIECTBAX
CYILIECTBYIOT MeJIbYallue 3JEKTPUUECKUE TOKH, 3aMbIKAIOIIMECs B TMpejaesiax
Ka)XJI0ro aToMa (MOJIEKYJIIPHBIEC TOKH ).

Ecnam mMarHeTuk He HaMarHW4YeH, TO OH HE CO3/a€T MarHUTHOTO MOJs. JTO
O3HAYAeT, YTO MOJIEKYJISIPHBIE TOKH PACIIONIOXKEHBI B HEM O€CIOPSA0YHO, TaK YTO
CyMMapHO€ WUX JEICTBUE paBHO HyJ0. [Ipy HaMarHMYMBaHWUM MAarHeTHKa,
PACIIOJIOKEHUE MOJEKYJSIPHBIX TOKOB CTAHOBHUTCS YAaCTHUYHO WIIM TOJHOCTBIO
YIOPSIAOYECHHBIMH.

MaruutHoe COCTOSIHUE BEILIECTBA 0XapaAKTEPU3YIOT BEKTOPOM
HAMAarHUYEHHOCTH, OIMNpeAesieMoe KaKk CyMMapHbIi MarHUTHBIH MOMEHT B

Zm’ O
AV
3Has | B KaX/A0M TOYKE KaKOro-inbo Tenaa, MOXKHO ONPEAEIUTh U MarHUTHOE
T0JIE, 33/1aBAEMOE PACCMATPUBAEMOM CPEIOM.
Jpyroi Ba)XHOM XapaKTEPUCTUKOW MATHUTHOIO IIOJSA SIBISAETCA IOJIHAA
MarHuTHasi UHAYKIUS B, CBsI3aHHAs C HAMArHUYEHHOCTBIO CIIEAYIOIKUM 00pa3oM

B=u,H+ 1l )

rac H - BCKTOP HAIIPAKCHHOCTU MArnuMTHOI'O IIOJIA, OHpGI[CHHCMLIﬁ IIOJIHBIM

enuHMLIE 00BeMa, | =

TOKOM B KOHType (2JIeKTpudyeckol unemnu); Hp- MarHuTHas IOCTOSIHHAS.

[Tockonbky [ = ZH , TO U3 (2) nns B nonyyum

B = puH = 1B, 3)
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— -7
B KOTOpOoM, (Uo = 4 m 10" I'a/m), ¥ — macnummnaa eocnpuumuueocms, a

u=1+y — macnumnan nponuyaemocme cpem. B cucreme CU

HaIpPsSHKEHHOCTh MAarHUTHOTO TIOJISI 1 HAMAarHWYEHHOCTh M3MEPSIOT B CIMHMIIAX
A/M, U3 3TOTO CJEeNyeT, 9TO MarHWTHBIC BOCIPHUHUMYHMBOCTh U MPOHHUIIAEMOCThH -
0e3pa3MepHbIC BETUYUHBI
MarauTHass TPOHUIIAEMOCTh BEIIECTBA IIOKa3bIBAET BO CKOJBKO pa3
B

MAarduTHOC I10JIC B CpEaax OTIIMIACTCA OT MAIrHUTHOTO I10JIsI B BAKYyMC H= Bi .
0

N3BecTHBI JIBa OCHOBHBIX 3((heKTa BO3AEHCTBUS BHEIIIHETO MATHUTHOTO TOJIS
Ha BEIIECTBA. JTO KOTJa, BCIEACTBHME 3aKOHA HMHAYKUMM Dapajess HOCUTEIH
3apsga CO3Jal0T WHAYKIIMOHHBIA TOK, MAarHUTHOE IOJIE KOTOPOTO HAIpaBJICHO
MPOTUB HAYAIBHOTO moJisi. Co3/1aBa€Mblii BHEIIHUM I10JIEM MArHUTHBIA MOMEHT
Ha3bIBAIOT OUAMAZHUMHbLIM MOMEHMOM, a BCIISCTBA, I TAaKOM MarHUTHBIN
MOMEHT SIBJISIETCSI IPEBATMPYIOUIUM — ouamazHemuxkamu (a3oT, BoJa, cepedpo u

1p.). B aTom cnyuae U= §<1, T.e. Bp>B — B quaMarHUTHBIX Ccpellax BHEIIHEE
0

MarHuTHOE ToJie 0caabseTcs.

Bo-BTOphIX, €ciii B aToMe€ CYIIECTBYET pe3yJbTUPYIOMINI MarHUTHBIN
MOMEHT (CIMHOBOM, OpOWTaNbHBIM WM 00a), BHEIIHEE MAarHUTHOE TMOJie
OpPUEHTUPYET HUX BIOJL ToJsA. BellecTtBa ¢ TakUMU aTOMaMHM Ha3bIBAIOT
napamaznemuxkamu (KUCIopoj, allOMUHUN, TUIaTUHA U Ap.). B mapamarnetukax

BHEIIHEE ToJIe ycuiuBaeTcs, B>By , # = B >1,
0

B HekoTOpbIX BelIeCTBax, Y aTOMOB KOTOPBIX HMEIOTCS Pe3yJbTUPYIOIIHUE
MarHuTHBIE MOMGCHTHI, BCJICJICTBHE AIEKTPOCTATUUECKUX (oOMEeHHBIX)
B3aUMOJICHCTBUN MarHUTHbIE MOMEHTBI YMOPSJIOYMBAIOTCA ©O€3 BHEIIHETO
MarHMTHOTO TIOJIsI CaMOIPOU3BOJIBHO. BelllecTBa, y KOTOPBIX BCIEACTBUE TaKUX
B3aMMO/ICHCTBUN MAarHUTHBIE MOMEHTBHI HAMpPAaBJICHbI B OJHY CTOPOHY, HA3bIBAIOT
deppomazcnemurxamu, a BEIIECTBA, Y KOTOPhIX MarHUTHbIE MOMEHTHI B PaBHOM
KOJIMYECTBE PACIIOJIOKEHBl aHTUNAPAUICIbHO — aHmupeppomazHemuKkamu.
3aBUCUMOCT, HAMarHMYEHHOCTH OT BHEIIHEI0 MAarHUTHOIO IIOdA  JUIS
beppoMarHuTHBIX (MarHUTOYIOPSIOYCHHBIX ) MATEPUAJIOB
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deppo- H GepPHITATHE THEH

Puc.l1.

KpuBble HaMarHMUMBaHUA IS JAWa-Tlapa W (PEepPpPOMArHETHUKOB HMMEET
CIOKHBIM  XapakTep, Kak dTo BugHo Ha pwuc.l. Takas dopma s
MarHUTOYIOPSZIOTOYCHHBIX BEIIECTB OMPEIeIIeTCS HeIMHEHMHOM 3aBUCUMOCThIO B
or H, rme wMarHuTHasS MPOHUIIAEMOCTh, M  CJIEIOBATCIbHO MAarHUTHAs
BOCITPUMMYUBOCTH 3aBUCAT OT H

. Al dl
x=1Im —=——

AH-0 AH  dH

DeppOMarHUTHBIMU  CBOMCTBaMU 0OO0JIaJIalOT JKeJie30, KOOaJbT, HUKEIb,
TraJOJUHUNA ¥ MHOTHE MX CIUIaBBl. VX oTandnTeIbHass 0COOCHHOCTD 3aKIIF0YacTCs B
TOM, YTO BO BHEIIHMX MATrHUTHBIX TIOJSAX MArHUTHAs MPOHUIIAEMOCTH

(beppoOMarHeTUKOB MOKET JIOCTUYb JECATKHU ThICSY eAuHul, B>>B,, 1= B >>1,
0

CornacHO COBPEMEHHBIM MPEACTABICHUSAM, KaXAbli (heppoMarHeTuk, M3-3a
CWJIbHOW OPUEHTUPOBKU 3JIEMEHTAPHBIX MArHUTHBIX MOMEHTOB, HE3aBUCHUMO OT
BHEILIHETO MAarHUTHOTO MOJIsI pa30MBaeTcs Ha OOJIBIIOE YKCIIO MajbiXx oOjacTei
i JoMeHoB. Kaxxaas u3 atux obnactelt (mpu TeMiiepaTypax HUKE TEMIEPATYpPbl
Kropy) HamarHuueHa BeChbMa CHJIBHO, HO HalpaBJ€HUS HAaMarHWYMBaHUSA B
OTIIEIBHBIX JIOMEHAxX pa3JIMyHbl, & WUMEHHO TAaKOBBI, YTO TMOJHBIM MarHUTHBIN
MOMEHT (eppOMarHeTUKOB paBeH HyN0. HamarHuuuBaHue Takux o0O0pa3LoB
3aKJII0YAETCS B POCTE Pa3MEpOB JOMEHOB HAMAarHW4YE€HHBIX BIOJb MOJIA WIA
ONMU3KHUX K 3TOMY HampasiieHUsX. [1o 3aBepieHuIo 3Toro mporecca, CBI3aHHOTO CO
CMELICHUEM JOMEHHBIX TPaHMI], IO MEPE POCTa MArHUTHOI'O MOJISl, MATHUTHBIE
MOMEHTBI BPAIAIOTCS U YCTAHABIMBAIOTCS BIOJIb MOJIS
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Puc. 2.0cHOBHas KpyBasi HAMarHWYWBAHUS U METIISI TUCTEPE3UCA.

JlanpHeliliee yBEIUYEHUE MAarHUTHOTO MOJSI MPUBOAUT K HE3HAYUTEIbHOMY
pOCTy HaMarHMYE€HHOCTH 3a CYET NapaMarHUTHOrO MpOoLEecca— OPUEHTALNU
MAarHUTHBIX MOMEHTOB Pa30pPUEHTUPOBAHHBIX TEIJIOBBIM JBHKEHHUEM aToMOB. C
POCTOM BHEIIHETO MAarHUTHOTO IOJIsI KpUBasi UHAYKIUU JOXOIUT A0 HACHIILICHHUS.

[Tpu mukmuyeckoM (NMEPUOIUYECKOM) NEpEeMarHuuMBaHUK (eppoMarHeTHKa
W3MEHEHHE BEKTOpa MHAYKIMU B B Hem Oyaer u3o0paxaThCsi MeTiecoOpa3HOM
3aMKHYTOM  KPHMBOM  HAa3bIBAEMOM  II€TJIEM  TUCTEpEe3uca. BaxxubiMu
XapaKTepUCTUKAMU MarHUTHOTO Marepuana SIBJISIFOTCSA OCTaTOYHas
HAMarHU4EeHHOCTh lg U kodpumTHBHAS cuia He (Ha puc. 3 OHU COOTBETCTBEHHO
omnpenaenstores Toukamu B, B, u H H.¢ ).

Ocrtarounass HaMarHuueHHOCTh(B, B.) — 3T0 3HaueHue BekTOpa MHAYKIUU B
BHyTpu MarHetuka npu H=0. UYrToObl yHUYTOXKHUTH 3Ty OCTATOYHYIO
HAMarHUYEHHOCTh BHYTPU (peppoMarHeTuka, HeoOX0quMO CO37aTh ONMPEICICHHOE
M0JI€, HAIMPABICHHOE MPOTHUB MEPBOHAYAIBHOIO HAMArHMYMBAIOMIETO MOJIA. JTO
T10JI€ HA3BIBAIOT 3aJICPKUBAIOIIEH WIIM KOIPIIUTUBHOMN CHIION (heppoMarHeTuka.

Jns monyyeHHsT NETJIM TUCTEpe3uca B MEPEMEHHOM MAarHUTHOM TIOJIE
UCIIOJIb3YETCsl YCTAaHOBKA, CXeMa KOTOpO# M300pakeHa Ha puc.3.

B xkauectBe wucciemyemoro (eppoMarHeTvka HCIOJIB3YEeTCs KOJBIIEBON
(ToppoualibHBI) MarHuT, a WCTOYHUK T[EPEMEHHOTO TOKA, MUTAIOIIETO
NEPBUYHYI0 OOMOTKY MarHura, — 3BykoBoi renepatop 3 I' — 18.
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Puc.3.
[TepBuunHas 0OMOTKA KOJBIIEBOTO MarHuTa ¢ YUCIOM BUTKOB N CIIyKHUT st

CO3/IaHUs TIEPEMEHHOT0 MarHUTHOTO 1mojisi /H . Benmuunna H cBs3aHa ¢ majcHUEM
HanpspkeHust Uy, Ha pe3ncTope, COMPOTUBIICHHE KOTOPOTO Ry, B 1enmy MepBUYHON
OOMOTKH, COOTHOIIICHUEM

N, . U
H:|l°|1:F\’X.n1:K1°UX, (1)
1

1

rjae | - cujaa HaMarHWm4uBaroniero Toka, N; = N/I— 4uciio BUTKOB MepBUYHOMN
nl

0OMOTKH Ha euHUIY JIuHbI, K, = —
1

Hanpsokeane ¢ pesuctopa R; momaercs Ha TOPHU3OHTAIBHBIM  BBIXO

ocuiorpada. Takum o6pazom, Ha Bxoa X ocuuiuiorpada moaercs HarpsKeHue,
MIPOTIOPIIMOHATIEHOE HANPSKEHHOCTH MarHUTHOTO mojst H .

Jlnst w3MepeHusT WHAYKIIMH MarHUTHOTO TIOJIS B B (beppoMarHuTHOM
CEpJICYHUKE MPUMEHSETCS METOJ, OCHOBAHHBIM HA 3aKOHE AJIEKTPOMArHUTHOU
WHTYKIIAA

o do
= @
3nece @ — norokocuemienne, @ = B S N, , rne N, — ynciI0 BHUTKOB BO
BTOPUYHOM OOMOTKE Maruura, S — ceueHue marauta. W13 (2) cienyer:

dB _ |ail
dt  N,S° ®)
CrnepoBaTenbHO, HaIpsSKEHUE BO BTOPOH OOMOTKE MPOMOPIMOHAIBHO
. dB
IIPOU3BOTHOU E

Hnst Toro, 4YrToObl TMOJATh HAa BBIXOJ BEPTUKAJIBLHOIO  YCHUJIUTENS
ocipuiorpada  HampsHKEHUE, IIPONOPIUOHANBHOE B, HEOOXOAUMO MEXKIY
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BTOPUYHON OOMOTKOM 1 ociuuiorpadoM BKIIOUYUTh UHTErpupytolee 38eH0 — RC
sueiiky. (R, C Ha puc. 4).

C yuetom, uto &, = i2R2 ug= jizdt =CU y » A B u3 (3) nomyuum:

1 R, r. R,C
B=——|gdt=—2|i,dt=—2"— U, =K,U
N,SJ stIZ N,S YT 4)
. RC
rae K, - koahuiueHT, paBHbINA NS Takum 00pa3om, HampsHKEHUE Ha
2

KOHICHCATOPC C, IHogaBacMoO€C Ha BBIXO[ Y ocummorpa(ba, IMPOIIOPIUOHAJIBHO

MHIYKIMd MATHATHOTO T0JI B ()ePPOMATHUTHOM CepJeUHuKe, B .
Hns Beruucnenus B n H nanpsoxenns U, m U,  Belpasum yepes

OKCIICPUMCHTAJIBHO HU3MCPACMBIC BCJINYHNHEBIL: YYBCTBHUTCIIbHOCTD Cx
TOPHU30HTAJIBHOI'O U Cy - BCPTUKAJIbBHOT'O KaHAJIOB OCIII/IJ]J]OFpa(ba
U= X/Cy; U, =YIC,, (5)

rne X u YV — uucimo JEneHWil CEeTKH 3KpaHa, Ha KOTOPOE OTKIIOHSAETCS
AJIEKTPOHHBIN Jyd BAOJb ocel X um ¥V OT cpenHero mojioxeHust Ha skpaHe. C
y4eTOM cooTHouIeHuM (5) ypaBHeHus (1) u (4) npuHUMAIOT BUI:

H =k, (X/IC,) = aX (a = ki/ Cy), (6)
B=k, (Y/C) =Y (B=klCy), ()

[Topsn0K BBINOJIHEHUS PAOOTHI:

1.CoOpaTh 2JIEKTPUUYECKYIO CXEMY, PUBEICHHYIO Ha PUC.3.

2. BxatounTs ociiuiorpad v 0JIOK MUTAHUS B CETh U JIaTh UM

MpOrpeThes B TeueHue S5-10 MuH.

3. Pyuky pesucropa R ycTaHOBUTH B KpaifHee JIEBOE IIOJIOKECHHE, YTO
COOTBETCTBYET  OTCYTCTBHMIO  TOKa B  HaMarHuyuBamoumeid  oOMOTke
TpaHchopmartopa.

4. PyuykaMu ympaBieHHUS JIydOM OcCUMJuIOrpada yCTaHOBUTH CBETSILIEECH
IATHO B LeHTpe 3KkpaHa. Pyuku "Ycunenne X" u "VYcunenue Y" AOMKHBI OBITH
MIPU ATOM B KpaifHee JICBOM MOJIOKEHUH (YCUJIEHHE PABHO HYJIIO).

1. C nomourpto pe3ucropa R ycTaHOBUTH B HaMarHM4YMBAarOUIel OoOMOTKE
TOK, HEOOXOJUMBIN JIsl HachIleHUs (peppomMarHeTukoB. B »ToM ke pexume ¢
noMoIblo pydek "Ycunenue" TOOUTHCS TOTO, YTOOBI METJS TUCTEpe3nca MMena
npaBUIbHYIO (OPMY U 3aHMMaJIa BCIO TUIOMIA/Ibh SKpaHa.

2. BepHyTh pyuKy pe3uctopa R B kpaitHee JieBOe MOJIOKEHHE.

3. Pesucropom R  mocremeHHO  yBenMuuMBaTH ~ aMIUIMTYyAy  TOKa
HAMarHUYMBAIOMIEH IEMH W TPU KaXKIOM 3HAYCHHH ATOTO TOKa (PUKCUPOBATH
KOOpAMHATBI X W Y moJiokeHus kpailHux Touek (1 m 4 Ha puc.2) xpuBoi
ructepesuca. M3amepenust nposectu st 8-10 3HaueHUM TOKa, JOBEIS KPUBYIO
rucrepesuca a0 npeaenbHod. Cuily HaMarHMYMBAKOLIETO TOKA IKEIaTeJIbHO
YBEIMYMBATh TAKUM 00pa3oM, 4TOObI HAMPSKEHHOCTh MOJIA BO3pPOCIa HA OJIHY U
Ty K€ BeIMUuHy. Pe3ynbrarsl u3MepeHuii 3anect B Tadaumy 1.




169

4. IlepecHATb MpeAeNbHYIO METII0 TUCTEpE3Uca C dKpaHa ocuusuiorpada Ha

MUJUTAMETPOBYIO OyMary. OTJIOXHUTh TO OCSIM BEJIMYWHY IIEHBI JICJICHUS CETKU
’KpaHa ocuuiuiorpada.

5. Ilocne okoHuaHus pabOThI, HE MEHSS MOJOXKEHUs pydek "YcuieHue"
ocrmuiorpada, MPOBECTH KamuOpoBKYy KaHaioB X W Y I ONpeneieHUs

gyBcTBUTENbHOCTH Cy 1 C.

O0paboTKka pe3yJbTaTOB U3MEPEeHUM
1. Jna kaxaoro 3HAYEHHWs] HAMAarHMYMBAIOUIETO TOKAa HAWTH CpPEIHEE
3Hauenue X; 1 Yi:
<Xi>:|+xi|+|_xi|, <Yi>:|+Yi|+|_Yi|.
2 2
2. Ilo 3Hauenusam BeamuuH N; , Ry , R, ,C, N2 S, a takke Cy u G
paccuutath K03hdunueHt Ky Ky, au .
3. Ilo dpopmynam (6) u (7) BeluuciHuTh H;j 1 Bj U 1O TMOJXYYEHHBIM HX
3HAUYCHUSAM W PACCUATATh MArHUTHYIO NPOHHUIIAEMOCTh JJII BCEX OIIBITOB.

JlaHHbBIE pacyeToOB 3aHECTH B Ta0MILy. l.

Taoauna 1.

Benuu Jlo HachlleHus B pexume
VMHA HACBILICHUS

Ne 1] 2] 3 4 | 5| 6 7 8 9

[+ X

= Xil
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4. Ha oxgHOM rpaduke mOCTPOUTh OCHOBHYIO KPUBYIO HaMarHUYMBaHUS
B=f(H) n 3aBucuMOCTh MarHUTHOW MPOHUIIAEMOCTH OT HANPSHKEHHOCTH OIS,
H. Ilo rpaduxy xpuBod p=u(H) omnpeaenuTs MaKCHMajbHOE 3HAYCHHUE
MarHUTHOM NPOHUIIAEMOCTH L4,y

5. W3 mocTpoeHHOU KpHUBON HaMAarHUYMBAHHS OMPEIEIUTH TpadUuyecKum
METOJIOM  TOPSAJOK BEIUYMHBI HAYAJIBHOW MArHUTHOW MPOHUIIAEMOCTH:

Huy = ,u_ 19  yyecrs o10 3HaueHme TPU MOCTPOCHUH KpUBOH 1 = 1 (H).
0

6. Bocnonp3oBaBHIMCH MEPECHATOW HAa MWUIMMETPOBYHO Oymary
IIPENENIbHOM NETJEN THCTepe3nca, HAUTH CpellHEe 3HAUCHHE KOOPAUHAT /MoueK
H_ v B, B 1efeHUsIX CeTKU IKpaHa ocluiuiorpada:

<XC>:|+XC|+|_XC|, <YC>:|+YC|+|_YC|
2 2

JlaHHble 3aHECTH B Tabnuiyl.

7. IlomyuyeHHBIE SKCHIEPUMEHTAJIbHO WM pAacCUMTaHHbIE N0 (opmylie
3HAYCHUS Ly, My, He # By 3aHecTH B TaGia. 2 U CpaBHUTH CO CIIPABOUYHBIMU
JAHHBIMHU.

8. PaccuntaTth aOCONIOTHBIE U OTHOCHUTEJIbHBIE MOTPEIIHOCTH HU3MEPEHUMN
yaxs My He, By U cpaBHUTH aOCOJIOTHBIE TMOTPEHIHOCTH C OTKJIOHEHUSIMU
PE3yNBTATOB U3MEPEHUI OT CIIPABOYHBIX JTAHHBIX.

Taduuuna 2.
Bennuuna Llyiax Ly H. B,
JlanHbie:
CIIPaBOYHBIE
AKCIIEPUMEHT
aJIbHBIC
OTKJIOHEHHUS
Jlureparypa
1. MarseeB A.H. DnektpuyectBo u maruetusM. - M: Hayka, 1983.§42 — C.298.
2. CasemreB W.B. Kypc oOme#t ¢usuku. - M: Hayka,1977. T.2.

§40,50,53,55,57-61,68,92.

3. KamamnukoB C.I. DnexrpuuectBo. - M: Hayka,1985. T'm. XI. §§108,109-
112.

4. Cusyxun J1.B. O6mmii kypc pusuxu. - M: Hayka, 1977. T.3. §58,61,64,74-
70,129.

5. @pum C.2., Tumopena A.B. Kypc obmeit pusuku. — M:2007. T.2. §§ 200 —
204. C.318 — 327.

6. Hacrosee yuebHoe nmocodue, yacts 1. §17. C.138-151.




171

3aoaua 15. _ _
ONPEAEJIEHUE N'OPU30HTAJIBHOU COCTABJISIIOLLIEU
BEKTOPA UHAYKIUU MATHUTHOI'O I1OJISA 3BEMJIN

Heap padoOTHI: NPAKTUYECKOE OCBOCHHUE MArHUTOMETPUYECKOTO METOAa
WU3MEPEHHUS TOPU30HTAIIBHON COCTABIIAIOIICH HHIYKIIMM MATHUTHOTO TOJI 3EMIIH.

IIpuHaNJIeKHOCTH: KOMIAC, KpPYroBOM KOHTYp, HCTOYHHUK IHTaHUSA
ITIOCTOSTHHOI'O TOKa, aMIIEPMETP, PEOCTATHI.

3emutst IpeACTaBISIET COOOM OTpOMHBIN 11apoBoil MarHuUT. [losTomy B 000
TOYKE Ha MOBEPXHOCTH 3E€MJIM M B OKPYXKAIOIIEM MPOCTPAHCTBE OOHApPYKUBAETCA
JIEWCTBUE MArHUTHBIX CWJI. MarHuTHbIE TMOJ0ca 3EMJIM HE COBIAJAIOT C
reorpau4eCcKMMHU MOJTFOCAMHU.

FOsicubtit nontoc mazHumnoz2o noasa 3emau Sy PACIHONOXKEH B APKTHKE
0KO0N10 cegeprozo 2eozpaguueckozo nonroca N3 3emnu;

Cegsepnuiii macnummnotii noawc Ny  pacnosiokeH B AHTapKTUIE 0KOJ10
1091CH020 2eozpaguueckozo nonroca Sz 3eMIIH.

(Cxema CHJIOBBIX JJMHUM MAarHUTHOTO MOJIA 3€MJIM TTOKa3aHa Ha puc. 1.

CunoBbl€ JIMHUA MAarHUTHOIO TOJIA HANPaBICHBI OT CEBEPHOTO MATHUTHOTO
MoJIFoca K FOKHOMY TOJocy MarHutHoro moiist, Ny k Sy. Ha mpaxrtuke
HANpaBJICHUE MAarHUTHBIX CWIOBBIX JMHHAM 3€MJIM MOXHO YCTaHABJIMBATH C
MTOMOIIBI0O MAarHUTHOM CTPEJIKH.

Puc.1. (na pucynke NS— reorpaduueckast ocb BpaieHus 3eMIIH).

Ecnu mogBecuTh MarHWTHYIO CTPENIKY Ha HUTH TakK, 4TOOBI TOUYKa IMOjBEca
COoBNajana C LEHTPOM TSKECTH CTPEJIKHA, TO IOCIEAHSS YCTAHABIMBAETCS IO
HaIpaBJICHUIO KacaTeJbHOM K CHJIOBOM JIMHUM MarHuTHOro mojs 3emun. B
CEBEPHOM TMOJYIIAPUU IOKHBIM KOHEI] OyJeT HaKJIOHEH K 3emiie, U CTpelika
COCTaBUT C TOPU3OHTOM Y20/l HakIoHeHus: 6. BepTukalibHas MI0CKOCTh, B KOTOPOH
PAaCIIONIOKUTCS CTPEIIKA, HA3BIBAETCS TUIOCKOCTBIO MarHUTHOIO MEpUAWaHa. Yeon
a MexHcoy MACHUMHBIM U 2e02paguuecKkum MepuOuanHom HaA3bleaemcs
MAZHUMHBIM CK/IOHEHUEM.
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BCKTOP MarHUTHOM HHAYKIOHUH Bg 3eMId HEBEIUMKH U HU3MCHSIOTCS OT

0,42-10 T na AKBATOPE J10 0,7'10'4 1’1 y MarHUTHBIX TTOJTFOCOB.
BekTop MHIyKIIMM MarHUTHOTO TMOJS 3eMJIM  MOKHO Pa3jiOKUTh Ha JBE

— -

COCTABIISIIONIUE: 20PU3OHMATILHYIO B, u 6EPMUKAIbLHYIO B, .

VYkpemieHHas Ha BEPTUKAJILHOM OCHM MarHUTHas CTpeJiKa YCTaHABIMBAETCS B
HaIpaBJICHUM TOPU3OHTAIIBHOM COCTABJISIONICH BEKTOpa WHIYKIIMM MarHUTHOTO
oI 3EMIIH.

Puc.2. Puc.3 a. Puc.3 6.
MarauTHoe HaKJIOHEHHE ¢, CKIOHCHHE « U TOPU30HTaJIbHAs COCTAaBJIAIOIAS

=

MArHUTHOTO IIOJIS Bz SBJISIIOTCS. OCHOBHBIMU TMapamMeTpaMyd MarHUTHOTO IOJIsS
3eMuIn.

=

Ilepewlit cnocood onpedenenue B,

["'OpU30HTaIBHYIO COCTABIISIFONIYI0O MAarHUTHOTO TOJIA 3E€MJIM OMPEIEISIIOT C
MIOMOIIBIO TPHOOPa, HA3BIBAEMOTO MAHZEHC - 2anbéanomempom. OH COCTOUT U3
KaTYIIKA - HECKOJIBKUX KPYTOBBIX IMPOBOJIHUKOB, PACIIOJIOKCHHBIX BEPTUKAIHHO B
MJIOCKOCTH MarHUTHOTO MEpHUAMaHa (IMaMeTp Kpyra MPOBOJHHUKA U YHCIIO BUTKOB
yKa3bIBalOTCs Ha mpubope). B meHTpe momemaercs marHutHas ctpeika. OHa
JOJDKHA OBITH MaJIO, YTOOBI MOXHO OBLJIO TPUHUMATH JICUCTBYIOIIYIO Ha MOJIOCA
CTPEJIKM UHIYKIIMIO PAaBHOW MHIYKIIMU B IEHTPE KPYrOBOTO TOKA.

[110cKOCTh KOHTYpa yCTaHaBIMBAETCSA MEPICHIUKYISPHO TOPU3OHTAIBLHOMN
MJIOCKOCTH TaK, YTOOBI OHA COBMAJIajia C HAIPABIEHUEM MarHUTHOU CTpeiku. TOoK,

—

IPOTEKAIOLIMI 110 KOHTYpPY, CO3JaeT MarHuTHoe mnoine B, , nelictByromee Ha
MarHuTHYIO CTpPEIKY U HalpaBJI€HHOE NEPHEHIUKYISIPHO TOPU3OHTAIBHON

cocTaBIsrolIei 3emMaoro onst B, = B + By (cm. puc.2).
[Tox nelicTBUEM TOPU3OHTAIBHON COCTABJISIONIEH MHAYKUIUM MOJISI 3€MJIU U
VHAYKIMA  TOJsA  KOHTypa  CTpEJIKa  YCTAHOBUTCSA IO  HaNpPaBIICHUIO

PaBHOAEHCTBYIOLIEN WHIYKIIUH B.
U3 puc.2 Buano, uto B, = B, tg @ 1)
Nupykunss MarHUTHOTO MOJIsSI KOHTYpa B, B IEHTpE paBHA
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B mi )
kK = /'IO )
2r
rJie M - YUCJIO BUTKOB KOHTYPA, | - TOK, IPOTCKAIONINI B KOHTYpe (Ha pHcC.3
a) 1 0) yCIIOBHBIE HaIIPaBJIECHUS TOKOB YKa3aHbl B KPYXKKax), I' - paanyc KOHTYpa.

ol
U3 (1) u (2) cnexyeT paBeHCTBO Ay o =By ‘199 um

o |
By, =ty . 3)

How . .
rie = “op  AIBIACTCA MOCTOSHHOI BENMUMHOI /TS TAHHOTO npubopa u

Ha3bIBACTCS ITOCTOSIHHOM TAHT'€HC - rajibBaHOMCTpaA. B pe3ysIbTaTC AJIsd TAHI'CHC —
raJibBaHOMCTpPa UMCCM

i
B-c '
“ Tige’ 4)

OTKy/a Uil TaHTeHca yria HaxoquMm (g¢ = B_i :

r=d

OtmetuM, uto dopmyna (4) aBisieTcss NPUOTMHKEHHOMN, T.€. BEPHON TOJBKO B
TOM CJy4ae, KOrja pa3Mep MarHUTHOW CTPEJIKH MHOTO MEHBIIE paguyca KOHTypa
r. MoO>XKHO TakXe IMoKa3aTh, YTO HAaWMEHbINAs OIMUOKA MPU U3MEPEHUSIX TaHTEHCA
yTJia MOJy4aeTcs IPH yriax OTKJIOHEHUS CTPENKU OIu3KoM 45 0

Onucanue manzenc —2anb6aHomempa.

TaHreHc - TranbBaHOMETP COCTOMT M3 KaTYyIIKH, YKPEIJIEHHOW Ha
BpAIAIOMICHCS TMOACTaBKE. B ILEHTpe KaTylIKW YCTaHABIMBAETCS KOMITACHAS
CTpeJiKa, CIOCOOHAs BpaIlaTbCs BOKPYT BEPTUKAIBHOW ocu. OTCYET 1o mpuodopy -
TO OTCUET JEJIEHWH Ha IIKaje KoMmaca. ODJEKTPUYECKas CXema YCTaHOBKHU
MpuBe/IeHa Ha puc.4.

=

[P X
+

mA
R,
Puc.4.

3nech: MA - mwumamnepmerp, [ - mepeximouatenb, G - TaHTEeHC -
ranbBaHoOMETp, R;, R, - peoctarsl, E - ICTOUHUK MOCTOSIHHOTO TOKA.
Iopaook evinonnenus padomat
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1. Cobpatp cxemy cornacHo puc.4. IloBopauuBas MOACTaBKY TaHIEHC -
raJbBaHOMETPA, YCTAHOBUTh BUTKH €ro KaTylIKd B IUIOCKOCTH MAarHUTHOIO
Mepuanana. i1 npaBUIBHOW €ro YCTaHOBKHM IO JUAMETPY Kpyra MpOBOJHHMKA
TOKa HATSHyTa TOHKasl HUTh.

2. Bxiroyas K04 IIPOMYCTUTh TOK Yepe3 KaTylmKy. M3meHss ero BeaIuuuHy ¢
MOMOILBIO peocTaToB Ry, Ry, CHATH 3aBUCUMOCTB yIuia tg¢ OTKIOHEHHUS] MarHUTHOU
CTPENIKM OT BEJIMYMHBI MPOXOJSIIEro IO KOHTYpy TOKa, I. M3MeHeHume Toka
MIPOU3BOJIUTH 8 060ux Hanpasienusx maroM B 0.01 A. BenuunHy ToKka U3MEHSITH 10
Tex 1op, T0Ka CTPENKa rabBaHOMETpPa He OTKIOHHTCS Ha 45°. JlaHHbIe H3MepeHuii
3aHeCTH B Ta0auLy 1.

Taduauuna 1.
Ne LMA | @, rpax | @,, rpan <> tg ¢ B, Tn
MU3MEPEHUI

3. TToctpouts rpaduk 3aBucumoctu tg @ = f (i). Ilo HakIOHY THOJTydaeMOit
npsaMoil  (00s13aTeNTbHO MPOXOAAIICH Yepe3 Havyallo KOOPAMHAT) OMNpPEeNeiTUTh
yTI0BOM KO3 GULIUEHT A.

A= —A(tgw) = E (5)
Al B,

4. Ilo u3BeCTHOMY 3HAYEHUIO TOCTOSHHOTO Tprbopa C U HalJAEHHOMY TIO
rpaduxy A, onpenenuts B,.

5. Ouenutb, ucxonas wu3 Qopmyasl (3), MaKCUMAJIbHYI MOTPEIIHOCTh

m
u3Mepenust Be cuutas, 4Tto o H3BECTHO TOTHO, a a0COJIIOTHYIO TIOTPEIIHOCTh B
r
U3MEPEHUSIX TOKA OMPEEISIETCs, HCXOAS U3 KJlacca TOYHOCTH MUJUIMAMIIEPMETPA.
Bropoii ciocod onpenesienns B,

[TockonbKy KaTylllKa TaHT€HC - TAJIbBAHOMETPA TPYJHO TOYHO YCTAHOBUTH B
HalpaBJICHUU cegep - 12, MOXHO TPOU3BOIUTH U3MepeHue B, 06e3
MIPEIBAPUTEIILHON OPUEHTUPOBKH KATYIIKH, (DUKCUPYS YIJIBI MTOBOPOTA CTPEIKH
OT HAYaJIbHOTO IMOJIOKEHUS JIJI1 000MX HaIpaBJICHUM TOKa, 3aJJaHHON BEJIMYUHBI, B
KaTyIlIKe (HUXe, CM. pUC.5).

N3 puc.5 BuaHO, 4TO
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BKl — BF . BKl — BF (6)

sing, siny, sing, siny,’

IIpu B,; = B,, , oueBuaHO 11 + »» + @ + @ = &, tae By, U B, - MHAYKIUA
IOJIsl KaTylIKA IIPYM Pas3iM4HbIX HAIPaBICHUSIX TOKa B HeW. Pemenue stoun
CUCTEMBI J1aeT

- oi sin(¢, +
B :ﬂOE — — ((01 @2). . 7)
Jsin? @, +sin? @, — 2sin ¢, sin ¢, cos(p, + ;)

Bocnons3zoBaBmuce  ¢opmynoit  (7), ompeaenute 3HadeHue Bp 06e3
MpeIBapUTEIbHON OPUEHTUPOBKH KATYIIIKU TAHTEHC - rajdbBaHomeTpa. M3mepenus
MIPOBECTH TMPHU PA3TUYHBIX 3HAYCHUSIX TOKA B IENMU Karymku (ms 3-4 3HadYeHHi).
[TosryueHHBIH pe3yNbTaT CPaBHUTH C BI MOIYyYEHHBIM IEPBBIM CIIOCOOOM.

Jlureparypa
1. MaTtBeeB A.H. DnextpuuectBo u marHetusMm. - M: Beicmias mkona, 1983.

§§38. - C.264.

2. CuByxuH [.B. O6mmii kypc ¢uzuku. T.3 - M: Hayxka, 1977. I'n. III. - C.213.
3. Kamamaukos C.I'. DnmektpuyectBo. - M: Hayka, 1985. I'n. VIII. — C.150.
4. CasenweB U1.B. Kypc obwmeit ¢pusuku. T.2. - M: Hayka, 1978. T'n. VI - C.114-

131.

5. ®pum C.3., Tumopera A.B. Kypc obueit puzuku. — M:2007. T.2. § 213.

C.359.

6. Hacrosmiee yuebHOe mocobwue, gacts 1, §13. C.108.
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3amgauya 16.
N3YYEHUE UMIIYJBCHOI'O MATTHUTHOT O 11OJIsA

Heab padoThbl: 03HAKOMJIEHHME C METOJAOM HMMITYJIbCHOTO MAarHMTHOIO IOJIS
IIPU pa3psiIKe KOHAEHCATOpa Ha COJICHOU/I.

Mpunagnexuocru: Ocunsuiorpad 3amoOMHHAIOMINN, KaTymka ['ensMromnsia,
TE€HEPATOP MPAMOYTOJIBHBIX UMITYJIbCOB, BOJIBTMETP, PEOCTATHI.

WmMmiynbcHblE MarHUTHBIE TOJIE HAXOJAT Bce OoJjblliee MPUMEHEHUE B
TEXHUKE (PU3NYECKOr0 IKCIEPUMEHTA U B COBPEMEHHON TEXHOJIOTUU. DTO CBSI3AHO
C TE€M, YTO B psAlle PU3NUECKUX 3a7a4 (B YACTHOCTH JJI UCCIECIOBAHUMN 1O (PUBUKE
IJ1a3Mbl, B Pa3JIMYHBIX paslieyax siAepHON (U3UKU M MHOTUX JPYTHX) HaTUYUS
MAarHUTHOTO TOJISI JOCTATOYHO B TEUEHHUE JOBOJIBHO MAJOr0 MPOMEKYTKA BPEMEHU
(o6pruno Menee 0,1 c¢). C napyroit CTOpPOHBI, UMITYJIbCHBIA METOJI CO3JaHUs
MarHUTHOTO TOJSl YacTO OKas3bplBaeTcss Oojee MpOCTbIM, YEM CO3[aHUE
MOCTOSTHHOT'O TOJIsi TaKOM K€ HAIpPSHKEHHOCTH, a pu HUHAYKIuU Oosee 10 Ta -
OCTaETCs MOKa €IMHCTBEHHO BO3MOKHBIM.

Memoo co30anusn umnynbCHO20 MAZHUMHOZ0 NONA

Haubonee mnpocras sjeKTpUyeckas cxeMa il CO3JaHUsl HMITYJIbCHOTO
MarHuTHOro Mojis u3o0paxeHa Ha puc.l. MarHutHoe moJjie CO34aeTcsi TOKOM
UMITYJIbCHOTO pa3psiia HAKOMUTEIbHOro KoHJeHcatopa C depe3 OOMOTKY
coieHouaa Oe3 cepJeyHUKa C HWHIYKTUBHOCTbIO L W MajabiM aKTUBHBIM
conpotuBieHueM R. Konaencatop C mpeaBapUTeNIbHO 3apspKaeTcsl depe3
pe3ucTop R; OT HCTOYHHKA TTOCTOSTHHOTO TOKA /10 HanpsbkeHus U,,.

[ = |
LB K
e
| E| !
| |
| I
u, (S ;_;.°| |
L |
L 5

Puc.1.
[Tocne 3apsanku, KoHAeHcatop (¢ moMomiplo kiatoya K) 3aMbIKaeTcs Ha
coneHou. [Ipu 3TOM snekTpocTaTHuecKas SHepPTUs, HAKOIUIEHHAs! B KOH/IEHCATOpe
We = C (U,D)/2, (1)
3a Bpems, MNPUOTU3UTEIHLHO pPAaBHOE YETBEPTH TMeEpHoja KoJieOaHMs
T =27-/LC, nepexomur B obpasoBasmemcs L, C, R KOHType B DHEpruio

MarHUTHYIO:

W, = L(l,)%/2. (2)
[Tpu sToM Wc =W,. (3)
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Jns onenku We, KOTOpYyr0 HEOOXOIMMO 3amacTy JJisg CO3JaHUs MarHUTHOTO
noJist ¢ WHAyKnuen By, Oyaem cuuTaTh MOje BHYTPH COJICHOWIA OIHOPOIHBIM.
Torma

BZ
~ 0
Wy x-Sl @
Ho

2

e S = —4 , Du | - COOTBeTCTBEHHO AMaMeTp U JUIMHA COJCHOU/IA.

I[JISI 0oJIce TOYHBIX PacucToOB HCO6XOI[I/IMO YUYUTBIBATb HCOAHOPOAHOCTD ITOJIA
B COJICHOMNIC KOHCUHOU JJIMHBI C Y4YCTOM, 4YTO IIpH OTOM MOJIA HWHAYKIHH
MAaravuTHOI'O II0JIAI B €0 OCHTPC NMECM BBIPAKCHHUC

ynlycosa |
Bo = coso=

T e ©
rae N=N/| - 4rcio BUTKOB CONICHOM 1A HA SITUHHUILY JJTUHBIL.
Jliis Gosiee TOUHOTO pacyeTa SHEPIUU, HEOOXOUM U yUeT MOTEph SHEPTUU Ha
aKTUBHOM CONPOTHUBJIEHUU R, MCronb3ys ypaBHEHHUE COOCTBEHHBIX KOJeOaHUH B
obpazoBasmemcs L,C, u R - koHType:

LQ+RQ+6

0, (6)

C Y4€TOM, UYTO KOJieOaHUsI B KOHTYpE HAUMHAIOTCS B MOMEHT BPEMEHH, KOTAa
KOHJICHCATOp MOJHOCTBIO 3apsi’KEH, @ TOK B KOHTYpPE OTCYTCTBYET:

Q(t=0)=U,C, I(t:O):c;—?:O_

3neck Q - MTHOBEHHOE 3HAUYCHHUE 3apsia Ha KOHAEHCaTope.
[Ipu TaknX HAYAJIBHBIX YCIOBUAX PEIICHUE YpaBHEHUs (6) UMEET BUT

o
Q=U,C ;Oe‘é‘ cos(wt — ) 7)
Uw, 5 .
oTkypa I :—Zowoe *sin ot (8)
21 R
rie @Wo =1\ LC, Q)Z?, w® =, -6, 521. Z:\/%— BOJIHOBOE

conporusienue; 9@ =

XapakTepHble 3aBHCUMOCTH HampspkeHust Ha koHzaeHcarope Uc = Q/C, Toka B
KoHType | 1 HanpshkeHust Ha UHAYKTUBHOCTH costeHonaa U = L(dI/dt) npuBeneHs
Ha puc.2.
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Ua
" m

Puc.2.
AHanmu3upys BeIpakeHHE (8), MOKakeM, 4TO MaKCUMaJIbHOE 3HAYCHUE CHJIBI
TOKa B cosieHoue |, MocTUTaeTcs B MOMEHT BPEMEHH

T 9
e o ®
U, ~&t,
ITpu 5TOM Iy =1(t,) = ?e : (10)

Takum o6pazoM, k03hduIMeHT npeoOpa3oBaHusl PHEPTrUU, HAKOIJICHHOW B
KOHJICHCATOpE, B YHEPTHUIO MATHUTHOTO TIOJISI MOXKET OBIThH OMPEICIICH KaK
77 _ WL _ e—ZéTm
WC
B cnyuae wmamoro 3aryxaHus MOXHO BOCIIOJIB30BaTbCSl  JIMHEMHOM
anmpokcumMarueit B popmyiie (11), u, yautsiBas, uto npu 3toM ol 0<<T/4, o ~ a,
MoJTy4aeM COOTHOIIeHHE T KoddduiirenTta mpeodpazoBaHUs SHEPTUN

11

T 7 R
~1-28, =1-20 —=~1———
n m 4 57" (12)
Takum  oOpa3zom, 1A  JOCTaTOYHO  MOJHOTO  MNpeoOpa3oBaHUs

AJEKTPOCTATUYECKOM DSHEPIMU HAKOMHUTEIBHOTO KOHAEHCATOpA B JHEPTUIO

MarHUTHOTO MOJIs COJIEHOUAa HE0OXO0UMO BHITIOJTHEHUE HEPABEHCTBA
R<<Z (13)

Memoo uzmepenus UMRYIbCHO20 MAZHUMHOZ0 NOJIA
Hanbonee pacmpocTpaHeHHBIM METOAOM [JiIsi ONpEACiCHUsT BO BpPEMEHU
MAarHMTHOTO TOJIS SIBJISIETCA METOJ MHIYKTUBHOIO MarHMTHOIO AaTyuka. JlaTdmk
MPEACTaBIIET COOOM KaTyIIKy, TMOMEIIAeMYI0 B HCCIEIyeMOe€ MarHUTHOE TOJie
TaK, YTOOBI MOTIEPEYHOE CEYCHHE BUTKOB OBUIO TEPHEHANKYJISIPHBIM
HamnpaBJCHUI0O MAarHUTHOTO TOJsA. Torma mpu W3MEHEHWH MAarHUTHOTO TIOJs B
Karymike 0yner HaBoauThes JJ]C uHIyKIMm

Eu =-dd/dt = - Sﬂ Nﬂ dB/dt, (14)
rae S - miIouaap MONepPeYHoro ceueHus Karymku, Ny - gucino eé BUTkoB. B
Cly4dae, KOrja UHAYKTUBHOE€ U aKTUBHOE COMPOTHUBIICHUS JATUMKA CYIIECTBEHHO
MEHBIIIE COMPOTUBJICHUS BHEIIHEH IIeMH, MOXKHO MpeHeOpeub BIMSHUEM TOKa,
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IPOTEKAIOLIEro MO KaTyIlIKe, TOI/la CUTHAJ HAa BBIXOJ JaTdynka OyneTr paBeH E.
Jns ynobctBa paboThl ¢ JATYMKOM ATOT CHUTHAJI HEOOXOAMMO MpeoOpazoBaTh B
Hanpsbkenne Uy,  mpomopumonansHoe B, OTy  onepauuio  BBINOJHSET
unrerpupyromas RC - nenouka (puc.3, Ry, C;), HanpsbkeHUe Ha BBIXOAE KOTOPOH
U, cBsi3aHo ¢ BXOIHBIM E, ciregyronymM oOpaszom

Uz= (U Ry Cp)| Eutlt (15)

KOTOpPOE XOpOLIO BhINoHseTcs auib npu t << R; C;. 13 atoro cinenyer, uyto
IIOCTOSIHHAsE BPEMEHM HHTerpupyromei nenouku R;C; nomkHa CyliecTBEHHO
MPEBBINIATH XapaKTEPHOE BPEMsI M3MEHEHUS MAarHUTHOTO TOJISl B COJICHOUZIE 7 =
1/ @, T.€. MOMKHO BBIIOJIHATHCS yeioBue: 7<< R C.

Torna, yautsias (14) u (15), nomydum

S,N

_aa
U, “RC_ B. (16)

A=Aa
Pabora BBIMONHAETCA HaA BKCHepHMeHTaHBHOﬁ YCTAHOBKC, CXCMa KOTOpOﬁ
H306pa>1<eHa Ha pI/IC3 (MOHTa}K CXCMbI HYXHO BBIIIOJJHUTHL Ha CHGI_[HaJIBHOI;'I

MAHEJH, 3aKJIFOYEHHOMN B 3aIIUTHBIN KOXKYX).

Cl-4
—Ey | |
M — r- A
|
|
—— |
|
|
MUK — — L 3 I
s s
Puc.3.

B cxeme mis co3maHusi MarHMTHOTO TMOJISE UCMOJNB3yeTcs cojeHoun L,
MPEACTABISAIONUNA COO0M OJHOCIOMHYIO KaTyIlKy, HaMOTaHHYK) Ha Kapkace
JUAMETPOM 25 MM MeIHBIM IpoBooM auameTpom d = 0,75 mm ¢ marom 1/n = 1,3
MM U JJIMHOW HaMmOTKH 21cMm. HakonmuTenbHbI KOHIEHCATOP COCTOUT U3 CEKIUU
KOHJICHCATOPOB, KaxJass M3 KOTOpbIXx uMeeT eMkKocTh 10 Mkx®D. BxiroueHue
KaXIOM CEKUMH B IENb OCYLIECTBIsACTCA mepemblukon [/, Kommyranus
KOHJIEHCATOpa Ha COJICHOW]I OCYIIECTBISETCS AIEKTPOHHBIM KITIOUYOM, COOpaHHBIN
Ha tupucrtope T, KOTOpPbIM OTKPBIBACTCS NpPU IMOJa4€ HAa €ro YNpaBISIOLINAN
ANIEKTPOJ 3allycKarollero umiynibca (pazbem '"3amyck'). Koraga Tok B KOHType
najaeT a0 HyJs, TUPUCTOp pa3pbiBaeT 1nenb. Pesuctop Ri, ciuoyxur pnd
orpaHuyeHust 3apsaHoro Toka. Pesuctop R, = 0,5 Owm, BKIIOYCHHBIN
MOCJIE0OBATEILHO C COJICHOUIOM, CITY>KUT JIJIsl u3MepeHus Toka B R L C - koHType.
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JaTuuk /{ mpenHa3HavyeH JJIsl U3MEPEHUs HAIPSKEHHOCTH MArHUTHOTO TOJIs
WHIYKTUBHBIM MeTOJIOM (uucio BUTKOB N = 40, mioiaab NONepeyHoro ce4eHus
Sp= 1cM®, MHyKTHBHOCTB L; = 10 mI'n). ITapameTpsl HHTErPUPYIOIIEN HENOYKH:
R,C: C;=10 Mmx®, R;= 0,5 Om.

Jlnst  HaOnrofeHWsT OTHOKPATHBIX PEAKO  TMOBTOPSIONIUXCS  CHUTHAJIOB,
CHUMAaeMbIX C pe3ucTopa R, wian uHTErpupyromei [ernouykd, HCMHOJIb3yeTCs
3ammoMuHAMuK  ociuutorpad. Jlms cuaxpoHHM3anuu paboT ocimuiorpada u
cxeMbl (hOPMHUPOBAHUS UMITYJIbCHOTO TIOJISI CIY>KAT UMITYJIbCHBINA TeHepatop ['5-
15.

Ynpa:xxkuenue 1.

Hccneoosanue 3asucumocmu MakCumaibHO20 MOKa
6 conenoude I, om 3apsonoeo Hanpscenus U,

Hcnonb3ys cxemy Ha puc.3, CHITh 3aBUCUMOCTb TOKa |, oT Hanpspkerus U,
Cuna Toka I, ompenensieTcss ¢ MOMOIIBIO OcHUUIOrpada C HUCIOIH30BAHUEM B
pacueTe BEJMYMHBI CONMPOTHUBIECHUS pe3uctopa R,. Hampsoxkenwe U, MensieTcs B
npenenax 0 - 300 B ¢ moMOIIbIO HCTOUHUKA TUTAHUSL.

[Toctpouth rpaduk Teoperudeckor 3asucumoctu |, (U,) B cooTBeTCcTBHHU C
dbopmyinoii (10) u HAaHECTH HA HETO SKCIIEPUMEHTAIBHBIC TOUKH.

YupaxHenue 2.

Hccneoosanue sagucumocmu MaKkCuMaibHOU UHOYKYUU
MASHUMHO20 NoJisl om 3apsi0H020 Hanpsicerus U,

Ha Bxonm ocummmorpada ¥V momate curHan ¢ ruHe3ga /[ manenu. CHATH
3aBUCUMOCTb MHAYKIIMU B ot Hanpspkenus U,. UHaykuus nonsa B onpenensiercs ¢
MOMOIIBIO OocIuIorpada ¢ KCIONIb30BAaHUEM B pacyeTe BBIYUCICHHOW 3apaHee
qyBCTBUTENbHOCTU natuuka /[. Hanpsoxkenune U, mensercsa B npenenax 0 — 300 B.
[Toctpouts rpaduk 3aBucumoctu B (U,), ucnons3ys dopmyssl (5), (10). Hanectn
Ha TpaduK IKCIIEPUMEHTATBHBIC TOUKH.
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