MuHuCcTepcTBO HayKu U BhIciero oopasosanus Poccuiickoit denepanun
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE
BBICIIETO 0Opa30BaHMs
«HanuonanbHbIN Uccaen0BaTENbCKUN SAepHbI yHUBEpcUTET « MUDI)

NMHCTUTYT ®U3UKO-TEXHUYECKNX UHTEJUVIEKTYAJIBHBIX CUCTEM

KA®EJIPA TIPUKJIATHOU SIAEPHOU ®U3NKU

OJIOBPEHO

PABOYAS ITIPOT'PAMMA YYEBHOM JUCHUILIVHBI

UMITYJIbCHA S DJIEKTPOTEXHUKA B TEHEPATOPAX HEUTPOHOB U
PEHTTEHOBCKOI'O U3JIYYEHUI

Hanpasnenue noarotoBku [1] 12.04.01 ITpuGopoctpoeHue
(cennaabHOCTD)
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AHHOTALMS

['eHepaTopsl MMITYJIbCHBIX TOKOB MCIIOJIB3YIOTCS B TE€HEpPATOpAaxX HEUTPOHOB Ha KaMepax
ma3MeHHoro (okyca. B martepuanax Kypca OCBEIICHBI TEOPETHUYECKHME M TMPAKTUYECKHE BOIPOCHI
noctpoenuss ['BH u T'UT,

NPUMCEHACMBIC KOMINICKTYIOIINUEC:

CBA3aHHbIE C TPUMEHSEMOW »3JeMeHTHOM O0a3zoi. PaccMmoTpeHbl

M30JIATOPHI, BBICOKOBOJIbTHBIE KOHJEHCATOPHI, KOMMYTATOPhI
Pa3IMYHBIX THIIOB, a TaKKe JPYIM€ BBICOKOBOJBTHBIE JJIEMEHTHI,

reHepaTopax HEUTPOHOB.

IPpUMEHACMBIC B PCAJIbHBIX

TlokazaHnl KOHKPCTHBIC IIPUMEPBI CXECMOTCXHUYCCKHX pa3pa60T01<,

HCIIOJIb30BAHHBIX B I'CHCPATOpPAX HeﬁTpOHOB.

1. IEJIU U 3ATAYA OCBOEHHUS YYEBHOM JJUCHUILJIUHBI

[lenpro Kypca ABJISIETCS 3HAKOMCTBO CTYJEHTOB C OCHOBAMHU HMMITYJIbCHON JJIEKTPOTEXHUKOMU:
CXeMaMH IOCTPOEHHsI TeHepaTopoB BbIcOkMX HampspkeHuit (I'BH), paOortarommx B 4acTOTHOM
muanasone 1-104 I'm, a Ttaxkke rerepatopoB ummyibcHbIX TOkOB (I'MT), Bmmotes mo 1-2 MA.
['enepaTopsl BBICOKMX HANPsKEHWM HAaXOJAT NPUMEHEHHE Ul MUTAHUS YCKOPUTENBHBIX 3allassHHBIX
TpyOOK, IPUMEHAEMBIX JUI FeHEpALlU HEUTPOHOB.

2. MECTO YUYEBHOH JIJUCIUILJIMHBI B CTPYKTYPE OOII BO

OcBoenune ,Z[aHHOﬁ JUCHUITIIMHBI HCO6XOI[I/IMO AJI1 MOHUMAHUSL COOTBCTCTBYHOLIUX Pa3aCiiOB

BCAYHINX JUCHUIIINH CTICIUAJIbHOCTHU.

3. ®OPMUPYEMBIE KOMIIETEHIINUU U IINTAHUPYEMBIE PE3YJIBTATbHI

OBYYEHUA

VYHuBepcanbHble H(WiIK) o0enpodeccuoHaTIbHbIE KOMITETEHIIUN

| Kon u HauMeHoBaHue KOMITIETEHIIUU | Ko n HauMeHOBaHME WHIUKATOPA JTOCTHIKEHHUSI KOMITCTCHITNH

[TpodeccuonanbHble KOMIETEHIIMM B COOTBECTBUM C 3agadaMd U oObekTamu (00iacTsaMu
3HaHUI ) TPOPECCUOHATHLHOMN e TETLHOCTH:

3apaua
npogeccuoHaIbLHOM
nesiteabnoctu (3I11)

O0BbeKT NIk 00J1aCTh
3HAHUSA

Kon u HaumeHnoBanme
npogeccuoHaIbLHOU
KOMIIeTEHIUM;
OcHoBanne
(mpogeccuoHAIBLHBIH
cranaapt-IIC, anaans
OIIbITA)

Konx n nHaumenoBanue
HHAUKATOPA
AOCTHKEHH S
npogeccuoHAIbHOU
KOMIIeTEeHIIUH

IIPOEKTHO-KOHCTPYKTOPCKUI
Pazpabotka smepHo- NsmeputenbHbie IMK-3.3 [1] - Cnocoben | 3-TIK-3.3[1] - 3nartp
(bu3nvecKux, cucTeMbl A1 cOopa M | pa3pabarbiBaTh CpPEZCTBA U CIIOCOObI
ANEKTPOPU3NYECKUX U | aHaJIu3a HHPOpMauy, | sSACpHBIE, KOMMYHUKAITIH
KnOep(hu3nIecKux saaepHo-(pu3ndeckue, | IEKTpopU3HMUECKUE U WU3MEPUTEIBHBIX
CHCTEM M YCTPOWCTB aneKkTpouznueckre u | Kubeppuznueckue cucTeM. 3HaTh METOIbI
kubeppuznyeckue U3MEPUTEIIbHBIE perucTpanuu
puOOpkI U puOOPHI U CUCTEMBI buznyeCKux




[IpoexTupoBanue u
KOHCTpYUpOBaHUE
y3J10B, OJIOKOB,
prOOPOB U CUCTEM C
UCTOJIb30BaHUEM
CPEICTB
KOMITBIOTEPHOTO
MIPOCKTUPOBAHUA

Pa3pabotka
ONITHMAJIbHBIX
(YHKIMOHATIBHBIX U
CTPYKTYPHBIX CXEM

YCTpOMCTBA

KoHctpykropckas
JTOKYMEHTAITHS,
CpeacTBa
KOMITBIOTEPHOTO
MIPOEKTHUPOBAHHUS

OyHKIIMOHAIbHBIE U
CTPYKTYPHBIE CXEMBI
pUOOPOB U CUCTEM,
TEXHUYCCKHUE
TpeOOBaHMS

Ocnosanue:
[IpodeccronanbHbIit
cranaapt: 29.015

ITK-6 [1] - Cnocob6en k
IMPOCKTUPOBAHUIO U
KOHCTPYUPOBAHUIO
y3710B, OJIOKOB,
npuOOPOB U CUCTEM C
UCTIOJIb30BaHUEM
CpeACTB
KOMITBIOTEPHOTO
MPOEKTUPOBAHUS,
MPOBEAECHUEM
HPOCKTHBIX PACYETOB U
TEXHUKO-
IKOHOMHYECKUM
000CHOBaHUEM

OcHosanue:
[IpodeccronanbHbIit
craugapt: 29.015

Hay‘-IHO-I/ICCJ'Ie,I[OBaTeJ'IBCKI/Iﬁ

IIK-5 [1] - CocobeH K
pa3paboTKe
(YHKIMOHATBHBIX U
CTPYKTYPHBIX CXEM
IpUOOPOB U CUCTEM C

IIPOLIECCOB,
YCTPOWCTBO
MU3MEPUTEIIbHBIX
CUCTEM U CPEeJICTBA
pa3paboTKu U
MIPOEKTUPOBAHUS
npubOpOB U y3JI0B
sepHO-PU3NIECKOr U
ANIEKTPOPU3NIECKOI
anmnaparypsl;
V-IIK-3.3[1] - Ymetb
pa3pabaThIBaTh
U3MEPUTEIIbHBIE
CUCTEMBI U MPaBUIBHO
KOMMYTHPOBATh UX.
YMeTtb paboTath ¢
COBPEMEHHOMN
WU3MEPUTEIBHON
TEXHHUKOM;
B-I1K-3.3[1] - Bmanetn
anmnapaTHbIMU
CpelcTBaMu st
pa3paboTKu sIepHO-
buznyecKux,
ANIEKTPOPUZNUECKUX U
KuOepPpU3nIeCKUX
U3MEPUTEIIbHBIX
CUCTEM

3-1IK-6[1] - 3HaTh:
OCHOBHbIE TpeOOBaHUS
K IPOEKTUPOBAHUIO U
KOHCTPYUPOBaHUIO
y3J10B, OJIOKOB,
MpUOOPOB U CUCTEM
V-IIK-6[1] - YmeTs:
pa3pabaThIBaTh
KOHCTPYKTOPCKYIO
JIOKYMEHTAIHIO
B-I1K-6[1] - BrageTs:
CpelCTBaMuU
KOMIBIOTEPHOTO
IPOEKTUPOBAHMUS

3-TIK-5[1] - 3naTs:
HOPUHIUIBI pa3paboTKU
(GYHKIMOHATBHBIX U
CTPYKTYPHBIX CXEM
prOOPOB U CUCTEM C




OIIpEAECIIEHUEM UX
(1)I/ISI/ILICCKI/IX IMPUHIIUIIOB
NEUCTBUS, CTPYKTYp U
yCTaHOBJICHHEM
TEXHUYECKUX
TpebOBaHMIT HA
OTJIebHBIE OJIOKH U
DJICMCHTHI

OcHosanue:
[IpodeccronanbHbIit
cranaapt: 29.015

OIpPEAEIEHUEM UX
(bU3UIECKUX
MIPUHIIAIIOB JICUCTBUSA,
CTPYKTYp U
YCTaHOBJIEHUEM
TEXHUYECKUX
TpeOoBaHMi1 Ha
OTAENbHBIE OJIOKH U
DIIEMEHTHI
V-TIIK-5[1] - YmeTs:
YHUTATh
(byHKIIMOHATIbHBIE U
CTPYKTYPHBIE CXEMBI
npuOOpPOB U CUCTEM;
B-IIK-5[1] - Bnanets:
TEXHHYECKUMHU
CpelCcTBaMU AJIs
pa3paboTku
(GYHKIIMOHATBHBIX U
CTPYKTYPHBIX CXEM
npubOPOB U CUCTEM

4. CTPYKTYPA U COJAEP)KAHUE YUYEBHOM JUCIUILIUHBI

Pa3nensl yueOHON AMCHUIUIMHBL, X 00BEM, CPOKH U3yUYeHUS U (POPMBI KOHTPOJIA:

Ne
.1

HaumenoBanue
pasaena yueOHOM
AUCHUILIHHBI

Henenn

(cemuHnapsi )/
JlaGopaTopHble

Jlexnumn/ Ipaxkr.
padoThl, yac.

O0s3aT. Tekymmii
KOHTPOJIb ((popma*,
HeJeJIs)
MakcuMaJIbHbIH
0aJu 3a pasgena™*

ATTecTanusa
paznea (popma*,
HeJ1eJst)
Nuaukaropsl
OCBOCHHUA
KOMOATAHIINIA

2 Cemecmp

IlepBb1it pasgen

0/8/0
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3-IIK-

3-TIK-

Bropoii paznen

0/7/8
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I1K-6

HUmoeo 3a 2 Cemecmp 0/15/8 50

KonTpoabnbie 50 2 3-11K-
MeponpusiTusi  3a 2 3.3,
Cemectp V-

TIK-6,
B-
IK-6

* — COKpallleHHOE HAaMMEHOBaHUE (OPMBI KOHTPOJIS
** _ cymMMa MakCHMAalbHBIX 0allIoB J0JDKHA ObITh paBHa 100 3a ceMecTp, BKIIOYas 3a4eT U
(unn) sK3aMeH

CoxpallieHre HaMMEHOBAaHUH (POPM TEKYIIEro KOHTPOJIS U aTTECTAIlUX Pa3esioB:

Oo6o3na | [losiHOe HaMMeHOBaHMe
YyeHHe
30 3aganue (3a1a4a)
YO Y cTHBIN onpoc
€] OKk3aMeH
KAJIEHJIAPHBIN IVIAH
Henen | Temsl 3ansaTuii / Coaep:xkanue Jlek., | IIp./cem. | JIa6.,
U yac. , yac. yac.
2 Cemecmp 0 15 8
1-8 IlepBbliii pa3aen 0 8 0
1 CTpyKTypa YCTAHOBKH MOIIHOH BbICOKOBOJIbTHOM Bcero ayiutopHbIX 4acoB
HMITLYJIbCHOM TeXHUKHU 0 |1 [0
CxeMmbl OCTPOCHUS T€HEPATOPOB UMITYJICOB BBICOKHX Omnunaiin
Hanpsbkenuit (IIBH). 'enepaTopbl UMITyIbCHBIX HAPSOKEHUN | () 0 0
1o cxeMe ApkaapeBa-Mapkca, reneparopsl @utya,
TrE€HEPATOPBI UMITYJILCOB HAIIPSKEHUSI HA OCHOBE
(bopMUPYIOIINX JTUHUI, MArHUTHBIE TE€HEPATOPHI MOLITHBIX
nMItynbcoB, 'MIBH ¢ MHAYKTMBHBIMU HAKONIUTEISIMU Ha
ocHOBe npepriBaresierd Toka U [ IBH ucnons3yronme




BBICOKOBOJIBTHBIE HMITYJIbCHBIE TPAHC(HOPMATOPBI

CxeMbl NOCTPOCHHSI T€HEPATOPOB HMILYJIbCHBIX TOKOB
(I'uT)

CpaBHUTENIbHBIE XaPAaKTEPUCTUKU PA3IUYHBIX TUIIOB
HakonuTesnel 3Hepruu. IlepBruuHble eMKOCTHBIE HAKOIMTEIU
sHeprun. OCHOBHBIE XapaKTEPUCTUKU €MKOCTHOI'O HAKOIIUTES
sHepruu, ocHoBHbIe mapamerpel [UT. 'UT no cxeme 'MH-
®JI (bopmupyromias muHus). Y craHoBkH 1o cxeme UT-DJI.
B3pbiBoOMarHuTHbIE reHEPATOPbl HAIPSKEHUH (M TOKOB).
[Tpumepsr T Ha Toku 100 kA-2 MA.

Bcero AYAUTOPHBIX YaCOB

0 |2 |0

Omnuiaiig

0 0 0

JiieMeHTHas 0a3a npumensiemasi 1 cxeM TMH u T'UT
N301TOpBI, UX IIEKTPUUECKUE XapaKTepUCTUKU. JKuakue,
ra3000pa3Hble U TBEP/bIC TUAIEKTPUKH. DIIEKTPHUECKHUMA
po0oii 0 MOBEPXHOCTH TBEPBIX JUIIEKTPUKOB B BAKYyMeE U
B ra3e Mpu IPUII0KEHUU UMITYJIbCOB AIEKTPUUYECKOTO
HaIPSDKEHUS.

PesucTtopsl. Tunsl pe3ucTOpoOB U UX DIIEKTPUYECKHE
napaMeTpsl, COrJIacHO TeXHUUYecKUM ycioBusiM (TY).
®oTtorpadun pe3ucTopoB ¢ JUHEHKOH (s maciirada). Pacuer
JOIyCTUMBIX Harpy30K Ha PEe3UCTOPHI B UMITYJIbCHBIX
ANEKTPUUYECKUX CXEMAX.

BBICOKOBOJIBTHBIE KOHJEHCATOPBI, MX OCHOBHBIE
XapaKTEePUCTUKHU (IIpesiebHas yellbHas 3arnacaeMasi JHepIrus u
peanbHast). TUIbl KOHIEHCATOPOB: BO3YILIIHbIE, BAKYYMHBIE, C
TBEPABIM U JKUJKUM AUDJIEKTPUKOM (110 BOZMOXKHOCTHU
pacipeHHas TabauLa) ¢ UX MaccorabapuTHBIMU, yIEIbHBIMU
U T.II. XapakTepucTukamu. KaTynku MHIyKTUBHOCTH, B TOM
41CJIe HA OCHOBE BBICOKOTEMIIEPATYPHOM CBEPXIIPOBOAUMOCTH
JUIl MHAYKTUBHBIX HAaKOIUTEJIEH SHEPTUH.

Bcero ayIuTOpHBIX 4acoB

0 |1 |0

Owntaiin

0 0 0

KovmmyTaTtopsl, npumensiembie B [UBH u B TUT
TpaH3UCTOPBI, THPUCTOPBI U PEBEPCUBHO BKIHOYAEMBIE
JUHHUCTOPBI, BO3AYIIHBIE U BAKYyMHBIE Pa3PsIIHUKH,
TUpaTpoHbl. [1oIynpOBOAHUKOBBIE BEICOKOBOJIBTHBIE
KOMMYTaTopbl. MaruuTHbIi Ki1to4. [InasmenHsie npepeiBaTenu
ToKa. BakyymHble npepsIBaTenu Toka. B3pbIBHbIE
IpepeIBaTenu Toka. PU3NYECKue MpoLecCchl B KOMMYTaTOpax
Pa3IMYHBIX TUIIOB U OCHOBHBIE XapaKTEPUCTUKU IPUMEHAEMBIX
KOMMYTaTopoB. Tabnuia napaMeTpoB pa3iMyHbIX TUIIOB
KOMMYTAaTOpOB.

Bcero AYAUTOPHBIX YaCOB

0 |2 |0

Omnuiaiig

0 0 0

MeToabl M CHCTEMBI THATHOCTHKH PadoThI
BBICOKOBOJIbTHBIX CHJIbHOTOYHBIX YCTPOICTB
BBICOKOBOJIBTHBIC IETUTEITN HATIPSKEHHS.
KomneHcupoBaHHbIE JENUTENN HATPSKESHHS.
Juddepennupyroniue u HHTErpUpyroIIUe mosica Porosckoro.
[Ipumeps! npuMeHeHus nosicoB Porosckoro. Boccranosnenus
TOKa B Pa3psIHOM KOHTYpE Ha OCHOBE KPHBOW MPOHM3BOTHON
paspsHoro Toka ¢ quddepennupyromero [1P. Mcnons3oBanue
«pa3psTHON METOJUKM» JUTS OTIPE/ICIICHUS TOKA B PA3PSIHOM
KOHTYPE C eMKOCTHBIM HAaKOTIHTEJIEM.

Bcero AYAUTOPHLBIX YaCOB

0 |2 |0

Omutaiig

0 0 0

9-15

Bropoii paznen

0 7 8

9-10

Kputepun Bbi0opa 371eMEHTOB 3/1eKTPOTEXHUYECKHX CXeM
I'MBH u T'UT

Bcero aytuTopHbIX 4acoB

0 | 2 | 0




Bce kputepun ycioBHO MOXKHO pa3/ienTh Ha 2 TPYIIIbL:
TEXHUYECKHE U DKOHOMUYeckue. Ilox skoHoMHuecknumu
KpUTEPUAMHU TOHUMAIOTCSI HE TOJIBKO CTOUMOCTb 3JIEMEHTA, HO
Y 3aTPAaThl, BOSHUKAIOIINE ITPU IPUMEHEHUH U DKCIUTyaTalluH.
Hanpuwmep, eciau ucnosip3oBanue 0ojiee JemeBoro, HO He
HSKOHOMHYHOTO HJIM C MaJIBIM PECYPCOM, 2JIEMEHTA ONPaBIaHO
IIPYU CO3JJaHUM SKCIIEPUMEHTAIILHOTO MAKETA, TO MPU
IPOMBIIIICHHOH KCIUTyaTalluu MOTYT CTaTh OoJiee
CYLIECTBEHHBIMH 3aTpaThl Ha OTpeOIIieMbIe PECypPCHI —
HaIpPUMeEp: 3JIEKTPOIHEPTHUIO.

Ownutaiig

0 0 0

11-12

IIpumeHeHNEe reHEPATOPOB UMITYJILCOB TOKA H BBICOKOT0
HANPSIKeHUs1 B HAYKe M TeXHUKe (IPOMbIIIJIEHHOCTH)
DnexTpodu3nuecKue METo bl 00pabOTKH,
AIEKTPOIPPO3UOHHASI 00pPabOTKA, ITEKTPOMEXaHUUYECKAsI
00paboTKa, SMEKTPOUMITYJILCHAS JIC3UHTETPAIUS MaTEPHAIIOB,
ANEKTPOUMITYJIbCHAst 00paboTKa BOJbI, JJIEKTPOUMITYJIbCHAS
TEXHOJIOTHUS YIIPOYHEHWUsI cBail. BRICOKOBOJIBTHBIE YCTAHOBKHU
JUIS U3YYEeHHs IIPOLIECCOB B CHIIBHOTOYHOM BaKyyMHOM U
TUTa3MEHHOM pa3psiiaXx. Y CKOPUTENH 3apsKeHHBIX YaCTHI.
['eHepaTopbl HEUTPOHOB.

Bcero ayiuTopHbIX 4acoB

0 |2 |0

Owntaiin

0 0 0

13-14

IIpuMeHeHNe reHEPATOPOB UMITYJILCOB TOKA B TeHEPaTOpax
HEWTPOHOB HA OCHOBE KaMep mJjia3MeHHOro pokyca (KII®D)
Cxema reneparopa HeiltponoB Ha KII®D. OcHoBHbIE cTagnmn
(dhopmupoBaHus TOKOBOM I1a3MeHHon 06oouku (TIIO) u ee
JBIKEHUSA 10 MMHYEBaHUS Ha Tople aHoxa. [IpuHuun
cornacoBaHHOM paboThl KII®D 1 eMKOCTHOTO HAKOTIUTEIIS.
OcCHOBHBIE COOTHOIIICHUS IJIsl pacueTa TOKa B pa3psIHOM
KOHTYpE MPHU UCTOIH30BaHUN €MKOCTHOTO HAKOMHUTENS (C
yuyeToM pocta HHAYKTUBHOCTU KII® B nmpouecce nBUKEHHS
TII1O). Ucnonp3oBanue MI'J] mogenu nmwxkenus TITIO most
ONTUMH3ALHNU reOMeTprueCcKuX rnapametpon KIID.
3aBHCHUMOCTH BhIX04a OT Toka 13,3 .

Bcero ayiuTOpHbIX 4acoB

0 |2 | 4

Owntaiin

0 0 0

15

DJIeKTPpUYeCKHe CXeMbI NMOJy4YeHUs BHICOKOBOJIBTHBIX
HMILYJIbCOB /IJIsl IUTAHUS YCKOPUTEIbHBIX HEHTPOHHBIX
TpyOOK

PaccmaTpuBaroTcst 0COOEHHOCTH CXEM 3JIEKTPOIUTAHUS
BaKyyMHBIX HEUTpOHHBIX TpyOok (BHT) 1 razonanonHeHHBIX
HeUTpoHHBIX TpyOOoK (I'HT).

B snextpuueckux cxemax anexrponuranuss BHT npumensercs
HCKpoBo# uctouHuk noHoB (M), ocHoBaHHBIN Ha
YIPaBISIEMOM 3JIEKTPHUECKOM MTPOOOE MEXKTy aHOIOM U
HACBILICHHBIM JieiiTepreM kaTtogoMm MU, mpu koTropom
MIPOUCXOAUT HATPEB U BBIACIICHUE JIEHTEPUEBOI MJIa3MbI B
o6beM BHT. JIeWTpOHBI yCKOPSIFOTCS B AJICKTPUICCKOM T10JIC
Mexny MU u mumiensto BHT (naceiiennoii tputuem). B
pesyJbrate siaepHoit peakuuu D+T npoucxoaut renepanus
HMITYJIbCa HEUTPOHOB.

Oco6ennoctu pabotel 'HT — ucnons3oBaHre HCTOYHUKA
[TennuHra ju1st CO3/1aHKsI MOHOB TPUTHUSA-ICUTEPHS, a TAKIKE
reHeparopa JIeUTeprueBo- TPUTUEBOTO ras3a sl CO3JaHus
HE00X0IMMOTO JAaBJIECHHS ra3a JUIst 3aKUranus paspsna B M1,
MCIO0JIb30BaHNE HAOWBHOM MUIIEHH. BO3MOKHOCTh reHepaluu

Bcero ayiuTOpHbIX 4acoB

0 |1 | 4
Ouwuaiig
0 0 0




| KaK UMIIYJIbCHOI'O, TaK WM IIOCTOAHHOI'O ITIOTOKaA HeﬁTpOHOB.

CoxkpalleHHble HAUMEHOBAHUS OHJIANH OMIUIA:

Oo6o03na | Ilos1HOe HaMMeHOBaHME
yeHue

oK DJIEKTPOHHBIN KypC

IIM [TOTHOTEKCTOBBIN MaTepual
11JI ITomHOTEKCTOBBIE JCKIIMU
BM Buneo-marepuainsl

AM Aynmo-marepualsl

I1p3 [Ipe3enTanmun

T Tectol

SCM DJIEKTPOHHBIE CIIPABOYHBIE MATEPUAJIbI
ncC HMHTEepakTUBHBIN CANUT

TEMBI JIABOPATOPHBIX PABOT

Heneau | Tembl 3ansiTuii / Conepxanue

2 Cemecmp

13 OsnaxomiieHue ¢ padoroii reneparopa Helitponos MHT -
103 Ha ocHOBe KaMepbl IJIA3MEHHOT0 (poKyca

N3zyuaetcs mpuHIuN paboThl reHepaTOpOB HEUTPOHOB HA
KaMepax MJIa3MEHHOro (pokyca, Mo 3KCIepUMEHTAIbHO
MIOJIy4E€HHBIM OCLIMUIJIOTPAMMaM pa3psiAHOrO TOKa MPOBOJSATCS
pacyeThl ANEKTPOTEXHUYECKUX TapaMeTpoB reneparopa MHI -
103 (MHAYKTUBHOCTb U aKTMBHOE CONPOTUBJICHUE KOHTYpA,
aMIUTUTY/A Pa3psAaHOTo TOKA), ONpeNeNsIeTcs: BpeMs
«0COOEHHOCTHY (MOMEHT 00pa30BaHus IJIA3MEHHOTO MUHYA U,
COOTBETCTBEHHO, UCITYCKaHU HEMTPOHOB COOTBETCTBYIOIIEH
sHeprun). [IpoBonuTcs pacyer Toka B MOMEHT "ocobeHHOCTH",
10 KOTOPOMY, UCIIOIB3Ys KATMOPOBOYHBIHN rpaduk,
OLIEHMBAETCS 0’KUJAEMOE 3HAUEHHE BBIXOa HEUTPOHOB 32
UMITYJIbC TE€HEPATOpA.

14 N3ydenne padoTsl npudopa 1is onpeaeeHns BbIX01a
HeiitponoB TIIMBHG61, 0cHOBAHHOI0 HA AKTHUBAIIMOHHOM
MeTOINKe

N3y4aroTcst NpUHIUIBI aKTUBALIMOHHON METOUKU
perucTpalnui HEUTPOHOB Ha MPUMEPE ACTEKTOPa Ha OCHOBE
€CTECTBEHHOT'0 cepedpa U ee MpUMEHEHHE ISl ONIPeIeICHUS
BbIX0/a HeUTpoHOB reHeparopa MHI'-103 Ha kamepe
ma3MeHHoro Qokyca. [IpnodperaroTcst HaBBIKK 1O paboTe ¢
npruOOpPOM, MMOATOTOBKH K HCIIOIH30BAHUIO, HACTPOUKH U
tectupoBanud. C nomonisto TIIMBHO61 Ha [1K 3anuckiBaercs
BPEMEHHOU IPO(UITH CKOPOCTH CUETa PACIAIOB
oOpazoBaBmmxcs npu odayuenun Herponamu MHI-103
H30TOIOB cepedpa, 0 KOTOPOMY OTPEACIISIOTCS MOCTOSHHBIC
BPEMEHH pacraja ajisi ObICTPO M MEIJICHHON KOMITOHEHT 1
CPABHUBAIOTCS C TEOPETUUECKUMHU 3HAUCHUSIMHU.

15 Onpenesienue napaMeTpoB UMIYJIbCA HEMTPOHOB U
“KECTKOI'0 PEHTTeHOBCKOI0 U3J1y4eHHsl TeHepaTopa
HeiitponoB MHI'-103 Ha ocHOBe KaMepblI NJIA3MEHHOT0




¢poxyca

N3yvaeTcs reHepannsi TPOHUKAIOIINUX U3JIYUYEHUN KaMepou
iazmMenHoro ¢okyca [1d7-02]1 reneparopa MHI-103, ¢
MCIIOJIb30BaHUEM BPEMSITIPOJIETHOM METOIUKH OIPEEIIIOTCS
JJIUTCIIBHOCTHU UMITYJIbCOB PCHTTCHOBCKOI'O U3JTYYCHUSA U
HEUTPOHOB, & TAKKE PACCUUTHIBACTCS YHEPTUSI HEUTPOHOB,
oOpa3yromuxcs B peakuuu cuate3a D+D. B pabdote
KCTOJB3YeTCsl CUMHTHILIIMOHHBIN netektop CCIM38 na
OCHOBC IMOJIUCTUPOJILHOTO YYyBCTBHUTCIBHOI'O 3JICMCHTA U
OBICTPOICUCTBYIOMIETO (DOTOAIEKTPOHHOTO YMHOKHUTEISI.

TEMbI TIPAKTUYECKUX 3AHSATUI

Henean

Tembl 3ansaTuii / Conep:kaHue

2 Cemecmp

CTpyKTypa yCTAHOBKH MOLIHOI BBICOKOBOJILTHOM
HMILYJIbCHOM TeXHUKHU

CxeMmbl IOCTPOEHUS TEHEPATOPOB UMITYJILCOB BBICOKHX
nanpspkenuit (I'MMBH). I'eneparopbl uMImyibCHBIX
HaNpsDKEHUH 1o cxeMme ApkajbeBa-Mapkca, reHepaTopbl
®duTya, reHepaTopbl UMITYJILCOB HAIPSKEHUSI HA OCHOBE
(bopMHPYIOIIUX JIMHUH, MATHUTHBIE T€HEPATOPHI MOIIHBIX
umnyJsibcoB,  UBH ¢ MHAYKTUBHBIMU HaKOTTUTEISAMH Ha
OocHOBe mpepsiBarenel Toka u [ UBH ncnons3yromue
BBICOKOBOJIbTHBIE HMITYJIbCHBIE TPAaHC(HOPMATOPHI

CxeMbl OCTPOEHUSI TeHEPATOPOB HMITYJILCHBIX TOKOB
TuTm)

CpaBHUTENbHBIE XaPAKTEPUCTUKH PA3IMYHBIX TUIIOB
Hakomnuresnen sHepruu. [lepBuyHble eMKOCTHBIE HAKOIUTEIU
sHeprun. OCHOBHBIE XapaKTEPUCTUKU EMKOCTHOTO
HAKOMUTENA 3HEPTUHU, OCHOBHBIE mapameTpsl [ UT. TUT mno
cxeme 'MH-®JI (popmupyrormias unaus). Y CTaHOBKH 110
cxeme UT-DJI. B3ppiBOMarHuTHbIE T€HEPATOPHI HAITPSKEHUI
(1 TokoB). Ilpumepst ['UT Ha Toxu 100 kA-2 MA.

JuneMeHTHas 6a3a npumensiemast 1as1 cxem T'HH u THT
N30asTOpsl, UX AJIEKTPUUYECKHE XapaKTepucTHKu. JKuakue,
ra3o00pa3Hble ¥ TBEPAbIE AUIICKTPUKH. DIEKTPUUECKUN
MpOo0O¥ MO MOBEPXHOCTH TBEPABIX JUIIEKTPUKOB B BAaKyyMe U
B ra3e Mpu NPUI0KEHUU UMITYJIHCOB AIEKTPUUECKOTO
HATIPSDKEHUS.

Pesucropsl. TuIbl pe3UCTOPOB U UX DIEKTPUUECKUE
napameTpbl, COTJIACHO TEXHUYECKUM ycloBusM (TY).
dotorpadun pe3ucTopoB ¢ IMHEHKOH (11t MaciiTada).
Pacuer nonmycTUMBIX Harpy30K Ha Pe3UCTOPbI B UMITYJIbCHBIX
ANEKTPUYECKUX CXEMaX.

BBICOKOBOJIBTHBIE KOHJEHCATOPBI, UX OCHOBHBIE
XapaKTepUCTHUKH (TIpeebHas yelbHas 3arnacaeMasi JHepIrus
U peanbHasi). TUIbl KOHAEHCATOPOB: BO3AYLIHbIE, BAKYYMHBIE,
C TBEPIBIM U )KUJIKUM JUIIEKTPUKOM (110 BO3MOXKHOCTHU
pacimpeHHas Tabiuia) ¢ X MaccorabapuTHBIMU, YIeTbHBIMU
U T.IL. XapakTepucTukamu. KaTynku HHIyKTUBHOCTH, B TOM
4ucJie HA OCHOBE BHICOKOTEMIIEPATYPHOM CBEPXIPOBOAUMOCTH




JJIA MHAYKTUBHBIX HaKoMmuTeeH OHCPI'UH.

KommyTaTtopsl, npumensiembie B TUBH u B TUT
TpaH3UCTOPBI, THPUCTOPBI U PEBEPCUBHO BKIHOYAEMBIE
JUHHUCTOPBI, BO3AYLIHBIE M BAKYYMHBIE pa3psiAHUKH,
TUpaTpoHbl. [1oynpOBOAHUKOBBIE BBICOKOBOJIBTHBIE
KOMMYTaTopbl. MaruuTHbIN Kito4. [1nasmenHsie npepeiBaTenu
ToKa. BakyymHble npepsIBaTenu Toka. B3pbIBHbIE
IpepeiBaTenu Toka. PU3ndecKue npoueccs B KOMMyTaTopax
Pa3IMYHBIX TUIIOB U OCHOBHBIE XapaKTEPUCTUKU
[IPUMEHSEMbIX KOMMYTaTopoB. Tabuia napameTpos
pa3IMyYHbIX TULIOB KOMMYTaTOPOB.

MeToabl M CHCTEMbI JUATHOCTUKH PAdOThHI
BbICOKOBOJIbTHBIX CHJIbHOTOYHBIX YCTPOHCTB
BBICOKOBOIBTHBIE JETUTENN HAMIPSKEHUS.
KoMmnencupoBaHHbIe AeTUTETN HATIPSHKCHHUS.
Huddepenuupyromye u HHTErpUpyromue mnosica Porosckoro.
IIpumepsl npuMeHeHus nosicoB Porosckoro. BoccranoBneHus
TOKA B pa3psAIHOM KOHTYp€ Ha OCHOBE KPUBOM IMPOU3BOJAHON
pa3psgHoro ToKa ¢ quddepenuupyromero [1P.
Hcnonbs3oBaHue «pa3psAHOA METOAUKNA» AJI ONIPENEIICHUs
TOKA B pa3psJIHOM KOHTYPE C EMKOCTHBIM HAKOIUTEIIEM.

Kpurepun Bb100pa 371eMEHTOB 3JIEKTPOTEXHUYECKUX CXeM
I'MBH u TUT

Bce kputepun ycnoBHO MOXKHO pa3/IeidnTh Ha 2 TPYIIIBL:
TCXHUYCCKHUEC U DKOHOMUYCCKUC. HO,Z[ 3KOHOMHWYCCKNMHU
KPUTEPUSAMHU MOHUMAIOTCSI HE TOJIBKO CTOUMOCTD 3JIEMEHTa, HO
H 3aTpPaThl, BOSHUKAOIUC TPHU MPUMCHCHUHN U SKCILTyaTalluu.
Hanpumep, ecnu ucnonb3oBaHue 0ojiee IeIIeBoro, HO He
SKOHOMUYHOTO WJIM C MaJIbIM PECYPCOM, 3JIEMEHTA ONPABIAHO
MIPU CO3JJaHUH SKCTIEPUMEHTAIILHOTO MaKeTa, TO MPHU
MPOMBINIJICHHON dKCIUTyaTallil MOTYT CTaTh OoJjiee
CYIIIECTBEHHBIMU 3aTPAThl Ha MOTPEOIIIEMbIE PECYPCHI —
HaIpUMep: 3JEKTPOIHEPTHIO.

11-12

IIpumeHeHMe reHEePATOPOB UMITYJIHLCOB TOKA H BHICOKOT0
HATIPSZKEHUsI B HAYKe U TeXHUKe (MPOMBIIIIEHHOCTH)
DnexTpoduznueckue MeTo sl 00paboTKH,
AIIEKTPOIPPO3NOHHASL 00PaOOTKA, SITEKTPOMEXaHNIECKast
00paboTKa, 3JEKTPOUMIYJIbLCHAS IC3UHTETPALlUs MaTePHAIIOB,
AIEKTPOUMITYJIbCHAsE 00pabOTKa BObI, AIEKTPOUMITYIILCHAS
TEXHOJIOTHUS YIIPOYHEHHUsI cBail. BbICOKOBOJIBTHBIE YCTAHOBKHU
JUTSL U3y4YEHHSI TTPOIIECCOB B CHIIBHOTOYHOM BaKyyMHOM U
TIa3MEHHOM pa3psiiax. Y CKOPUTENH 3apsKeHHBIX YaCTHIL.
['enepaTopsl HEUTPOHOB.

13-14

I[IpuMeHeHne reHEPaTOPOB UMITYJILCOB TOKA B
reHepaTopax HeTPOHOB Ha OCHOBE KaMep IIa3MeHHOI0
¢poxyca (KIID)

Cxema reneparopa HeiltpoHoB Ha KIT®D. OcHoBHbIE cTagnmn
dbopMupoBanus TokoBoM riazmeHHon o6onouku (TIIO) u ee
JIBVKCHHSI 1O ITMHYEBAHUS Ha Topiie aHoa. [IpuHIun
cornacoBanHoU padoThl KII® n eMKOCTHOTO HAKOMTUTEIISI.
OCHOBHBIE COOTHOIIICHHS ISl pacdyeTa TOKa B Pa3psiTHOM
KOHTYpE IPU KCIIOJIb30BAaHHH EMKOCTHOTO HAKOMHUTEIIS (C




ydyeToM pocta uuayktuBHoctu KII®D B mpouiecce nBUKeHUS
TI10O). Ucnonb3oBanne MI'J] mogemu nemwxkenus TI1O mos
ONTHMU3ALIMU TeoMeTpuueckux napamerpon KI1®.
3aBHCHUMOCTH BhIX04a OT Toka 13,3 .

15 DJIeKTpHYecKHe cXeMbl N0Jy4eHHS BBICOKOBOJIbTHBIX
HMILYJIbCOB /IJIsl IUTAHUS YCKOPUTEIbHBIX HEHTPOHHBIX
TpyOOK

PaccmaTpuBaroTcst 0COOEHHOCTH CXEM AJIEKTPOIUTAHUS
BaKyyMHBIX HEUTpOHHBIX TpyOok (BHT) 1 razonanonHeHHBIX
HeUTpoHHBIX TpyOOoK (I'HT).

B snexrpuueckux cxemax anexkrponuranuss BHT npumensercs
HCcKpoBo# uctounuk nonos (M), ocHoBaHHBIN Ha
YIPaBISIEMOM JIEKTPHUECKOM MTPOO0OEe MEXTy aHOJIOM U
HACBHILIEHHBIM JieiiTepreM katogoMm MU, mpu koTropom
IIPOUCXOJUT HAarpeB U BbIIEICHUE IEHTEPHUEBOH IJIa3Mbl B
o0veM BHT. JIedTpOHBI yCKOPSIFOTCS B AJIEKTPUISCKOM T10JIe
Mexny MU u mumiensto BHT (Haceiiennoit tputuem). B
pesyJibrate siaepHoil peakuuu D+T npoucxoaut renepanus
HMITYJIbCa HEUTPOHOB.

Oco6ennoctu padbotel HT — ricnonp30BaHne HCTOYHUKA
[lennuHra u1s CO31aHKUsI HOHOB TPUTHUSA-ICUTEPHS, a TAKKE
reHepaTopa IeUTeprueBO- TPUTHEBOTO ras3a sl CO3JaHus
HE00X0IMMOTO AaBJIEHHS ra3a JUlsl 3aKUranus paspsna B M1,
UCIOJIb30BaHNEe HAOWBHOM MUIlIEHU. BO3MOXKHOCTh reHepalun
KaK UMITYJIbCHOTO, TaK M MOCTOSIHHOTO TNOTOKA HEUTPOHOB.

S. OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

B ocHoBe mpenojaBaHus TUCIUIUIMHBI JIeXKAT TPAAULIMOHHBIE 00pa3oBaTelbHbIE TEXHOJIOTHH,
KOTOpbIe ToKazanu cebsi JocTtaTouyHo A(G(EeKTUBHBIMU cpeAcTBaMH (HOPMUPOBAHUS W PA3BUTUA
HpO(bCCCI/IOHaJIBHBIX HaBLIKOB CTYJICHTOB.

AKTHBHOE  WCIOJB30BAHWE  COBPEMEHHBIX  HMH()OPMAIMOHHBIX  TEXHOJOTMH  TIpHU
CaMOCTOSITEIILHOU pa60Te CTYACHTOB W BBIIIOJHCHHUU AOMAIIHUX 3aHaHI/II>'I. Taxxke npearojgaracTcsa
HCIIOJIb30BaHUE CPEJCTB KOMIBIOTEPHON CHUMYIISILIMM, MaTeMaTHUYecKoil oO0paOOTKH pe3ysbTaToOB U
71a00paTOPHBIX UCCIICIOBAHU.

6. ®OHJ OHEHOYHBIX CPEJICTB

@®oH/1 OLIEHOYHBIX CPEACTB MO AUCLUIUIMHE 00ecreurBaeT MPOBEPKY OCBOEHUS IIAHUPYEMBIX
pe3yabTaToB O00y4yeHHs (KOMIIETEHIMA W WX HMHIMKATOPOB) MOCPEACTBOM MEPOIPHUITUN TEKYIIEro,
PYOEIKHOTO U IPOMEKYTOYHOT'O KOHTPOJIS IO JUCLUTUIMHE.

CBs3p Mexny (opMHUpPYEMBIMH KOMIICTCHIMSAMH H (OpMaMH KOHTpPOJII HX OCBOCHHSA
IIpe/icTaBjeHa B CIEAYIOLIEeH Tabnuie:

Komnerenuus NHaukaTopbl 0CBOCHUA ATTECTAalMOHHOE MEPONpHUATHE
(KII 1)
I1IK-3.3 3-11K-3.3 9, 3n-8
V-1IK-3.3 3, 31-8, YO-15
B-IIK-3.3 €]




IIK-5 3-IIK-5 3, 31-8, YO-15
VY-1IK-5 9, VO-15
B-IIK-5 €]

I1IK-6 3-1IK-6 3, 31-8, YO-15
V-TIK-6 39, ¥Y0-15
B-IIK-6 6]

Ixanbl oneHKU 00pa3oBaTeIbLHBIX JOCTHXKEHU

[IIkana Kaxa0ro KOHTPOJIBHOTO MEPONPUATHS JEXKUT B mpeaenax oT 0 1O yCTaHOBIEHHOTO
MaKCUMaJIbHOTO OaJila BKIIIOYMTENbHO. MTOroBast arrecranus no AMCLUUILUIMHE oneHuBaercs no 100-
0ayuIbHOM IIKase W MpeAcTaBiIseT co0oil cymmy OamioB, 3apabOTaHHBIX CTYJEHTOM IPHU BBIIOJIHEHUU
3aJlaHui B paMKax TEKYILEro U IPOMEKYTOUYHOTO KOHTPOJIS.

Hrorosas OLICHKA BBICTAaBJIACTCA B COOTBETCTBHHU CO CJ'Ie,I[YIOH_[Cﬁ IIKaJIOMN:

Cymma Orenka mo 4-ex Ouenka | TpeOGoBaHUS K YPOBHIO OCBOCHHIO
0ayIoB OaJUTHHOM IIKaJe ECTS y4eOHOM TUCITUTLINHBI

OLIeHKa «OTJIMYHO» BBICTABJIACTCA
CTYIEHTY, €CJIM OH IIyOOKO M MTPOYHO
YCBOWJI IIPOTPAMMHBIN MaTepuall,
HUCYCPHBIBAIOLIC, MTOCIICAOBATCIILHO,
90-100 5 — «omauunoy A YETKO M JIOTHYECKH CTPOMHO ero
nsjnaract, yMeCT TCCHO YBA3bIBATDH
TCOpHIO C HpaKTHKOfI, HCIOJIL3YCT B
OTBETE MaTePUA MOHOTPapUUECKOM

JINTEPATYPHI.
85-89 B OlLieHKa «XOPOII0» BBICTABIIAETCS
75-84 C CTYJIEHTY, €CIIH OH TBEPJIO 3HAET

MaTepua, TPaMOTHO U TIO CYIIECTBY
W3JIaraeT ero, He OMycKas

D CYIIIECTBEHHBIX HETOYHOCTEW B OTBETE
Ha BOIIPOC.

4 — «xopouto»
70-74

65-69 OlLeHKa «yI0BJIETBOPUTEIBHO

BBICTABJISICTCA CTyﬂeHTy, €CJIM OH UMECT
3HAHUA TOJIBKO OCHOBHOI'O MaTepI/Iana,
R HO HE YCBOHII €T0 JIETAICH, NOIMyCKaeT
60-64 «Y00871eMBOPUMENHOY E HETOYHOCTH, HEJOCTATOYHO IPaBHIILHBIE
(opMyNIHUpPOBKH, HAPYILICHUS
HOFH‘ICCKOﬁ IIOCJIICAOBATCIBHOCTHU B
W3JI0’KEHUH [TPOrPaMMHOT0 MaTepraa.

OreHka «HEYJOBIETBOPUTEIHLHO»
BBICTaBIISICTCS CTYACHTY, KOTOPBII HE
3HAET 3HAYUTEIBbHOU YacTH
MPOTPaMMHOTO MaTepuala, JOMyCcKaeT
H 60 2— F cymecTBeHHbIe omnOKu. Kak mpasuio,
HRe «HEYO081eMBEOPUMETLHOY OLICHKA «HEYIOBJICTBOPUTEIILHO
CTaBUTCA CTYJACHTaM, KOTOPBIC HE MOT'YT
MPOJOJKUTE 00yueHue 6e3
JOTIOJTHUTENBHBIX 3aHATHH 110

COOTBETCTBYIONIEH NVCIUILIAHE.




7.  YYEBHO-METOJUYECKOE U UH®OPMALIMOHHOE OBECIIEYEHUE
YYEBHOI JUCUUILINHEI

OCHOBHAA JIMTEPATYPA:

1. OU 11 76 IIpuMmeHeHne IeKTPOU30JIALUOHHBIX MaTEPUAIIOB B BBICOKOBOJBTHOM
anexTpodusnueckoii anmnaparype. MeTosl HccaeJ0BaHUS U IIepepaboTky : yueOHoe nocodue,
Mocksa: byku Benu, 2018

2. 621.3 H50 Dnekrporexuuka Ku.1 , Mocksa: Akagemus, 2014

3.621.3 H 50 DOnexrporexnuka Ku.2 , MockBa: Akanemus, 2014

JOITOJIHUTEJIbHA S JIMTEPATYPA:

1. 539.1 K93 PacueTHble TEXHOJIOTUH JJIs1 HEUTPOHHBIX TEPANIEBTUYECKHX ITYUKOB : yueOHOe mocodue
1o kypey "CrennanbHbie BONPOCH! BeuucauTenbHou Gusuku', O6uunck: UATDO HUAY MUDU,
2014

2.539.1 123 Cobpanue TpynoB: Helitponnsie uccienosanus : , Mocksa: Hayka, 2015

3.621.039 C28 XapakTepHUCTUKH 0JIell HEUTPOHOB. VICTOUHNKN MIHOBEHHBIX HEUTPOHOB JIENEHHUS,
reHepaTopsl 14 M»B HENTpOHOB, NCCIIE0BATENBLCKUE U SJHEPTETUUECKUE PEAKTOPHI, YCTPONCTBA,
KOHBEPTHUPYIOIINE HEUTPOHHOE HU3NTyueHue : cripaBouHuk, B. JI. CeBactbsiHoB, A. C. Kowenes, I'. H.
Macnos, : BHUM®TPU, 2007

[MPOI'PAMMHOE OBECIIEYEHUE:

CrenuanbHOe porpaMMHoOe obecredeHue He TpedyeTcs
LMS U UHTEPHET-PECYPCBI:
https://online.mephi.ru/

http://library.mephi.ru/

8.  MATEPHUAJILHO-TEXHMYECKOE OBECIIEYEHUE YYEBHOI
JUCLUIINHBI

CrnenuaibHOE MaTepUaTbHO-TEXHUYECKOE o0ecrieueHne He TpeOyeTcs

9. YYEBHO-METOAUYECKHUE PEKOMEHJIALIUU JJIAA CTYAEHTOB

1. OO01He TOI0KEHUS

1.1. IIpu peanu3anuu nporpamMMbl AUCHUILTAHBI UCIOIB3YIOTCS 00pa30BaTe/IbHbIE TEXHOJIOTUU
B (opMe TpaKTUUYECKUX 3aHATUH, JTaOOpaTOpPHBIX pabOT W CaMOCTOSTENbHOH pPaboOTBl €
UCTOJNB30BaHUEM Internet-pecypcoB, METOJMUYECKUX pPa3padOTOK, yueOHOH, HayyHO-TOMYJISPHOW WU
Hay4HOU JIUTEPATYPBHI.



1.2. IIpuctynas K U3y4YeHUIO JUCLUUIUIMHBI CTYJCHTY HEOOXOAMMO O3HAKOMHTBHCS C LEISIMU U
3aJauaMyl  JTUCIMIUIMHBI, COJAEp)KaHHeM paboyeil mnporpamMmbl JAUCHUIUIMHBIL, PEKOMEHIYEMBIMU
JUTEPATypHBIMH  HMCTOYHHKAMH, METOAWYECKMMHU pa3paboTKaMM 1O JaHHOW JIWCIUIUIHHE,
MMEIOIIMMHUCS Ha 00pa30BaTeIbHOM MOpTaje U cailTe Kadeapsl.

1.3. M3yueHne AMCHUILUIMHBI TPEOyeT CUCTEMATHYECKOTO M IOCIEIOBATEILHOTO HAKOTUICHUS
3HAHUMN, CJIEIOBATENbHO, MPOIYCKM OTIENbHBIX TE€M HE TO3BOJSIOT TIIyOOKO OCBOUTH IPEIMET.
[ToaTomy cTyneHTam, MPOMYCTUBIINM 3aHATH, HEOOXOIUMO CaMOCTOATEIBHO MPOPadOTATh TEMY.

2. PexoMeHaanuu 1o moAroTOBKE K MPAKTHUYECKUM 3aHATHUSM.

2.1. TlpakThueckue 3aHATUA CHyXKaT JUId 3aKpEIUIEHUS HM3YyYEHHOTO TEOPETUYECKOro
MaTepuana. lloaroroBka K NpakTUYECKOMY 3aHATHIO BKIIOYAeT B ceOd TeKyllyr paldoTy Hax
yu4eOHBIMM MaTepHUajaMd C HCIOJIb30BAHUEM KOHCIIEKTOB W PEKOMEHAYEeMOHW OCHOBHOW U
JOTIOJIHUTEIIBHOM JINTEPATyPHI.

2.2. Ilpy NOAroTOBKE K MPAKTUYECKUM 3aHATHSIM CIEAYeT NpopaboTaTh TEOPETHUECKH
MaTepuaia Mo PEKOMEHJOBAHHBIM JUTEPATYpHbIM HCTOYHHMKAM, BHUMATEJIBHO MPOYUTATh MaTepuall
JIEKIUH, OTHOCAIIUXCS K TAaHHOMY IPAaKTHYECKOMY 3aHSTHIO.

2.3. B xome mpakTUYEeCKUX 3aHITUN JaBaTh KOHKPETHbIE, YETKHE OTBETHI MO CYIIECTBY
BOIPOCOB, JOBOJUTH KAKAYIO 33/ady /10 OKOHYATEIbHOTO pEIIEHHs, AEeMOHCTPUPOBATH MOHHUMAHUE
NIPOBEJCHHBIX pPacyeToB (AaHANM30B, CHUTyalMi), B clydae 3aTpyJAHEHHH oOpamarscsi K
MIPETo1aBaTelio.

3. PexoMeHaa1uu 1o MOATOTOBKE M BHIMIOJIHEHHUIO JTAOOPAaTOPHBIX PadoT.

3.1. JlaGopaTtopHbie pabOTHI - TO OJIUH U3 OCHOBHBIX BUOB YUECOHBIX 3aHATHH, HAITPABICHHBIN
Ha  OKCIIEPUMEHTAIFHOE  TOJTBEPXKICHUE  TEOPETHUECKHMX  mojoxkeHmid.  OOyuarommecs
CaMOCTOSITENIbHO BBITIOJHSIOT 33JaHUS TIOJI KOHTPOJIEM IMPETNOoaBaTelisi B COOTBETCTBUU C U3YYaeMbIM
coJiepkaHueM ydeOHoro marepuana. OOydaromuMcs PEeKOMEHAYETCS O3HAKOMUTBHCS C TpadukoM
BBITMIOJTHEHUSI Ta00PATOPHBIX paboT COrNacHO KalleHAApHOMY IUIaHY TUCHUTUTHHEIL.

3.2. Ilepen BbIIONHEHHEM JIAOOPATOPHOW pabOTHl CIEIyeT CaMOCTOSTENbHO H3Y4YUTh
TEOPETUYECKYI0 4YacTh paboThl, HUCHOJB3Ys JTa0OpPaTOPHBIM MPAKTUKYM, MOJIrOTOBUTH OTBETHI Ha
KOHTPOJIbHBIE BOIIPOCHI.

3.3. Ilepex BHINONHEHHWEM KaXIAOH pabOTHl TMPEANIECTBYET IPOBEPKAa TOTOBHOCTH K
nabopaTopHo# padote (cM. 11.3.2), KOTopasi MPOU3BOIUTCS MPEMOIABATEIIEM.

CTylleHT IOKEeH:

- 3HaTh OTBETHl HA KOHTPOJIbHBIE BOMPOCH! ISl MPOBEPKU TECOPETHUECKUX 3HAHUU, YMEHHUH U
HABBIKOB JI0 BBIIOJIHEHUS PabOThl (KOHTPOJIBHBIE BOMPOCHI MPHIIATAt0TCs);

- CaMOCTOSITENFHO M3yYWUTh METOJWYECKHE YyKa3aHUA 1O MPOBEICHUI0 KOHKPETHOM
nabopaTopHOi paboThI;

- MOJITOTOBUTH (POPMY OTHYETA;

- YMETb COCTABIISATh CTPYKTYPHYIO CXeMY HU3MEPEHHIA;

- OBITb TOTOBBIM MPOAEMOHCTPHPOBATH H300paKEHUE TNPEAINOIAraeMOro XO0Ja KpPHUBBIX,
KOTOpBIE€ OyTyT CHUMAThCS B paboTe.

[lo wrToram mpoBepkH TMpenojaaBaTeib MPUHUMAET pEUIeHHe O JONMyCKe CTyJIeHTa K
BBITMIOJIHEHUIO J1TAOOPATOPHON pabOTHI.

3.4. Ilepen BbIMONIHEHUEM Ta0OPATOPHON PaOOTHI CTYJACHT MPOXOAUT UHCTPYKTAXK MO TEXHUKE
6e3omacHocTH (IpU HEOOXOTUMOCTH).

3.5. B mpouecce mabopaTopHOil pabOThl YETKO CJEIO0BaTh HHCTPYKIMSM H yKa3aHUSIM
MIperoiaBaTeNsi WK JIe)KYyPHOTo JIabOpaHTa, He MPUCTYNATh K BHIMOJHEHUIO paOOThI 0€3 pa3penieHus;
PYKOBOJICTBOBATHCS TIPABHUIIAMU TEXHHUKH O€30MACHOCTH W MEpPaMH MPEJOCTOPOKHOCTH, YKa3aHHBIMH



B ONMCaHUAX; (PUKCUPOBAThH B 1a00OPATOPHOM KypHaJIe Pe3yIbTaThl U3MEPEHUH IS MTOCTeIy oIei nx
obOpaboTku. [To 3aBepmieHUI0 pabOTHI MPUBECTH pabodyee MECTO B MOPSAOK U CIATh JIaOOpaTOPHBIN
CTEH/JI IPETIOAABATENI0 WIH JSKYPHOMY JJa0OpaHTy.

3.6. BeinonHenue paboThl 3aKaHYMBAETCS COCTaBICHUEM KPATKOI'O OTYETa, B KOTOPOM CJIETYET
yKa3aTh: YTO U KaKMM METOJOM HCCIIEOBAJIOCh WJIM OINPEAENSIOCh; KaKOW pe3ysbTaT U ¢ KaKUMHU
MOTPENTHOCTSIMU  (a0COJIFOTHBIMH W OTHOCUTENBHBIMH) OBUI TIOJYYEH; KpaTKoe OOCYKICHUE
MOJIyYeHHBIX PE3yJIbTaTOB. 3aIlIMTUTh PE3yNbTaThl JA0OpaTOpHON paldOTHl ClenyeT [0 Haudaia
clenyollel Mo pacnucaHuio pabotel. He pexomeHnmyercs umeTh Ooliee OAHON HE CHAaHHOM paboTHI
nepes] HayajaoM ClIeAyIouiei paboThl.

4. CamocrosTenbHas paboTa 00y4aronuxcs

4.1. CamocrosiTenbHas pabora mpeanoiaraet (GpopMHpOBaHHE W YCBOCHHE TEOPETUYECKOTO
MaTepuasia Ha 0a3e W3Y4YCHHS M CHUCTEMAaTH3alll MAaTepHajoB YYEeOHHMKOB, OQHIMATBHBIX
TOCYJTapCTBEHHBIX JIOKYMEHTOB, 3aKOHOB, HOPMAaTHBHO-CIIPABOYHBIX MAaTEPHAIOB C HCIIOJIb30BAaHHEM
HMH(OPMaLIMOHHO-TTOUCKOBBIX CUCTEM, KOMITbIOTEpHOI cetn MHTepHeT.

4.2. OOyuaromuMmcst CleAyeT PYKOBOJCTBOBATHCS TIpadUKOM CaMOCTOSTEIBHOW paboTHI,
ornpeAesieHHbIM Pa0OurM TJIAHOM JUCIMILIMHBI U BBIMOJHATH BCE IJIAHOBBIE 3a/1aHUsl, BbIJaBacMbIe
IperoiaBaTesieM JUIsl CaMOCTOATEIbHOW PadOThI, U MPEACTABIATh UX B YCTAHOBJIEHHBIN CPOK.

5. PexoMeHaanuu 1o moAroToBKE M CAaye aTTeCTallUK M0 JUCIUIUIMHE.

5.1. Atrectanus TO JAUCHUIUIMHE OCHOBaHAa Ha OaJUIbHO-PEHTHHTOBONM CHCTEME, KOTOpas
BKJIIOYAET TEKYIIUH KOHTPOJIb YCHEBAEMOCTH, PYOESKHBI KOHTPOJIb B CEMECTPE U MPOMEKYTOUHYIO
aTTECTAIIMIO [0 UTOTaM OCBOEHUS TUCIIUILIIHHEI.

5.2. Texymuii KOHTPOJIb MOAPA3yMEBAET NPOBEPKY INOTOBHOCTH CTYJEHTOB K 3aHATHAM, MJIA
Yero MOryT ObITh HCHOJb30BaHbl pa3MYHbIE MPOBEPOUHBIC 3adaHUs. [IpoXokIeHUuE KOHTPOJBHBIX
pyOexeil TpOBOAUTCA B CEepeAMHE M B KOHIIE CEMEeCTpa M MOXKET OCYIIECTBISATHCS B BUIE
KOHTPOJBbHBIX PAa0OT, MUCbMEHHBIX OMPOCOB U T.[. DTal MPOMEKYTOYHON aTTECTallMd IO HTOraM
OCBOCHMS JUCLUIUIMHBI B LIEJIOM IMOJIPa3yMEBaeT cady 3K3aMeHa M CaMOCTOSATENIbHYIO MOJTOTOBKY K
Hemy. IIpm mMOArOTOBKE K TNPOMEXKYTOYHOM aTTECTallMd HEOOXOAMMO 10 PEKOMEHIOBAHHBIM
JUTEPAaTypHbIM HCTOYHHUKAM MpOpadOTaTh M BHUMATEIBHO HU3YyYUTh TEOPETHUECKUI Marepua,
COOTBETCTBYIOIIUI BOIPOCAaM, BBIHOCUMBIM Ha aTTECTAIHIO.

10. YYEBHO-METOJWYECKHE PEKOMEHJIAIIAM JIJISI TIPEIIOJIABATEJIEM

1. OOwue moJI0KEeHNS

1.1. Ilpu peanuzanuu IporpaMMsbl IUCHUIUIMHBI UCIIONIB3YIOTCS 00pa30BaTEIbHBIEC TEXHOIOTHH
B (opme mpakTHyecKuUX 3aHATUHM, IJ1abOpaTOpHBIX pabOT M CaMOCTOATEIbHOW paboOThl ¢
ucronb30BaHueM Internet-pecypcoB, METOAMYECKUX Pa3pabOTOK, Y4eOHOH, HAYYHO-TIOMYJSIPHOU H
HAy4YHOU TUTEPaTyPHI.

1.2. Ha nepBoM 3aHATHH NIPETIOAABATEND!

- 3HAKOMHT CTYJEHTOB C IENSIMU U 33/1adaMy TPENOAaBaeMOi AUCHUIUINHBI, OTPEIETIsieT ee
MeCTO B 00pa3oBaTesbHON ITporpaMmme, 0003HaYaeT MEKAUCIIUIUIMHAPHBIE CBS3H;

- YTOYHSIET TUTAHBI MPAKTHYECKUX (CEMHHAPCKUX, JJAOOPATOPHBIX) 3aHATUH B COOTBETCTBUU C
paboyeil mporpaMMoi IUCUHUIUIMHBI, C Y4€TOM KOHTUHT€HTA U YPOBHS MOATOTOBKHU CTYACHTOB;

- pEKOMEHAYyeT OCHOBHYIO U [OMOJHHUTEIbHYIO JIUTEpaTypy Uil YCHEIIHOIO OCBOCHHUS
JUCIUIUTAHBL,

- JOBOJIUT /10 CBEJICHUS CTYJCHTOB CUCTEMY OLICHKH 3HAHUH.

2. PexoMeHanmu Mo NOATOTOBKE U MPETOAaBAHUI0 JUCIUTUINHBI



2.1. PekoMeH1alMK 1O MOATOTOBKE U MPOBEICHUIO IPAKTUYECKUX (CEMUHAPCKUX) 3aHATUM:

2.1.1. llenp mpakTHYeCKHUX (CEMUHAPCKHUX) 3aHATHH - MPEAOCTaBICHHE BO3MOXKHOCTEM JUIs
YIIyOJIeHHOTO UW3YYCeHHS TEOPUH, OBJIAJICHUS TPAKTHYSCKUMU HABBIKAMH U BBIPAOOTKH
CaMOCTOSITEIILHOTO TBOPYECKOTO MBINIUICHUS Y CTYACHTOB. Ha KakIoM TakoM 3aHSATHH 00ydJaroIuecs
pEIIafoT MPAaKTHYECKHE 3aJa4d U JIEMOHCTPUPYIOT PE3YJIbTAThl BBHITIOJIHCHHS JOMAIIHETO 3aTaHuUs,
BBIJIAHHOTO Ha MPEAbIAYIIEM 3aHITHH.

2.1.2. lng MakCUMaJabHOTO YCBOEHHS JUCLUHUIUIMHBI PEKOMEHIYETCS BBIMIOJHEHHE pPacyeTHO-
rpaduyeckux paboT CTYIEHTOB MO MaTepuajaM JIEKIM U mpakTudeckux padot. [logbopka 3amanmii
OCYIIECTBIISIETCS. HA OCHOBE HW3YYEHHOTO TEOPETUYECKOrOo Marepuana. Takod MOAXOA MO3BOJISIET
MOBBICUTh MOTHBAIIMIO CTYJCHTOB TPU KOHCIIEKTHPOBAHHWH JICKIIMOHHOTO MaTepuala U JPYTuX
HMCTOYHUKOB.

2.2. PekoMeHa1MK 1O OpraHU3AIMKN PYKOBOJCTBA CAMOCTOSITEIbHON PabOTOM CTYIEHTOB

2.2.1. CamocTtosTenbHass padoTa mpesnonaraeT (GOPMUPOBAHHE M YCBOCHHE TEOPETHUECKOTO
Marepuajga Ha 0a3e U3Y4YCHHS H CHUCTEMaTH3allid MaTepUalioB Y4eOHUKOB, OQHUIIMATBHBIX
roCy/IapCTBEHHBIX JOKYMEHTOB, 3aKOHOB, HOPMaTUBHO-CIIPABOYHBIX MaTE€PHAJIOB C HCIOJIb30BAHUEM
UHGOPMAIMOHHO-TIOUCKOBBIX CUCTEM, KOMITBIOTEPHOM ceTH MHTepHeT.

2.2.2. B xoae pyKOBOJACTBa CaMOCTOSITENIbHOM pab0TOl CTy/ICHTOB IpernoaBaTellb MpruodIaeT
WX K HAy9YHOMY TBOPUYECTBY, IOUCKY U PEIICHUIO aKTyaJIbHBIX COBPEMEHHBIX MPOOIIEM.

2.3. PexomMeHIa1iuu Mo MOArOTOBKE U MPOBEACHUIO TA00OPATOPHBIX PaboT.

2.3.1. JlaGopaTtopHasi (mpakTHueckas) paboTa - 3TO TaKOW METOJ]| OOYYCHWHs, PH KOTOPOM
o0yyJaromuecs 1moJi pyKOBOJCTBOM IIPETIOAABATENS U 110 3apaHee HaMEUEHHOMY IUIaHy MPOJAEIIBIBAIOT
OTIBITHI MJTU BBITIOJHSIOT ONPE/CIICHHbIC PAKTHYECKUEe 3a/IaHus M B MPOIECCe WX BOCIPHUHUMAIOT U
OCMBICITUBAIOT HOBBIM YUCOHBIH MaTepHual.

2.3.2. Tlepen BBIMOTHEHUEM KaKIOH pabOThI MPEANIECTBYET IPOBEpPKAa TOTOBHOCTH K
nabopaTopHOil paboTe, KOTOpast MPOU3BOIUTCS MPEINOIaBaTEIEeM.

[IpenogaBaTens OIEHUBAET YPOBEHb MOJATOTOBKM CTYJIEHTOB IO CIEAYIOUIUM KIIOYEBBIM
KPUTEPUSIM:

- TIOJrOTOBKAa OTBETOB Ha KOHTPOJBHBIC BOIPOCHI JJIsi MPOBEPKU TEOPETUUYCCKUX 3HAHHM,
YMCHHI U HABBIKOB JIO BBIITOJIHCHUS PA0OTHI (KOHTPOJIBHBIC BOIIPOCHI MTPHIIATAOTC ),

- CaMOCTOSITEIbHOC W3YYCHHE METOJUYCCKHX YKa3aHWH 10 TIPOBEJCHUIO KOHKPETHOM
nabopaTopHOU pabOTHI,

- MOJATOTOBKA (JOPMBI OTUETA.

JlommyckaeTcs Tak)ke BBeJIEHHE APYTUX BOIIPOCOB:

- COCTaBJICHUE CTPYKTYPHOU CXeMbl U3MEPEHHIA;

- U300paKeHUE MPEANOIaraeMoro Xo/ia KpUBbIX, KOTOpbIE OYIyT CHUMAThCS B paboTe.

[To wrToram mpoBepkH TpeENoAaBaTelh MPUHUMAET pEIICHHEe O JOMyCKe CTylIeHTa K
BBITIOJTHCHHUIO JIa0OpaTOpHOW pabOThl W TPOBOAUT IS CTYJEHTOB HMHCTPYKTX 110 TEXHUKE
0e30macHOCTH (MPU HEOOXOAUMOCTH).

2.3.3. IlpoBenenue mabopaTopHBIX pPabOT BKIIOUAET B CEOS CIEAYIONIME METOIUYECKHE
MIPUEMBI:

- IOCTAHOBKY TEMbI 3aHATUHN U OIpe/IeTIeHHE 3a/1a4 JJaOOpaTOPHO-IPAKTHUECKON padboThI;

- OmpeJeNieHne MopsKa J1a00paTOPHO-MPAKTUIECKON PaOOTHI MIIM OT/IEIbHBIX €€ ATAIOB;

- HEMOCPEACTBEHHOE BBIMOJIHEHUE JIa0OPATOPHO-MIPAKTHUUECKONH pabOThl yYaIUMHUCS H
KOHTPOJIb MPENOIABATEINS 32 XO/IOM 3aHATHI U COOTIOICHIEM TeXHUKH 0€30MacHOCTH;

- TOJABEJCHHUE WTOTOB JIA0OPATOPHO-MIPAKTUYECKONH pPabOThl U (OPMYJIUPOBAHHE OCHOBHBIX
BBIBOJIOB.



2.3.4. IlpenonaBaTenb MpOBEpseT pe3yabTaTbl BBINOJHEHHUS J1a00OpaTopHO  paboTHl,
oOpMIICHHOH ydYamuMuCs B BHUIEC OTYeTa, ¢GopMa M COACPNKAHHE KOTOPOTO OIPEACSIOTCS
COOTBETCTBYIOIIMMHU PEKOMEHAAIMSIMU, TPUBEIACHHBIMH B JIA0OPATOPHOM MPAKTUKYME AUCITUTUIHHBI.

2.3.5. OueHkH 3a BBHITIOJIHEHHE J1a0OpaTOPHON pPabOTHI SABISIFOTCSA TMOKA3aTENsIMU TEKYIISH
YCIIEBAEMOCTH YYAIIUXCS M0 YUeOHOM TUCIUTIITHHE.

2.4. PekoMeHIaIMH 110 OCYIIECTBICHUIO KOHTPOJISI 3HAHUH 00ydaeMBbIX

2.4.1. Tlo nucuuriiHe JEHCTBYET OaNIbHO-PEUTHHIOBas CHUCTEMa, KOTOpas BKIIIOYAET
TEKyIIMA KOHTPOJIb YCIIEBAEMOCTH U TMPOMEKYTOUYHYIO aTTeCTalldi0 0 UTOraM OCBOCHHUSA
JUCLUTUIUHBL.

2.4.2. Ilo nucuMmiivHEe TMPEeayCMOTPEHBI CIEAYIOLIME BUIbl aTTECTALMU: TEKYLUIUH KOHTPOIb,
pyOeKHBIN KOHTPOJIb U TIPOMEKYTOUHAS ATTECTAIHSI.

2.4.3. Texymuii KOHTPOJIb MOJPA3yMEBAET MPOBEPKY TOTOBHOCTHU CTYACHTOB K CEMUHAPCKUM,
7a00paTOPHBIM M TPAKTUYECKUM 3aHSATHSM, MOTYT OBITh MCIIOJIb30BAaHBI PAa3IUYHBIC MPOBEPOYHBIC
3aJlaHusl.

2.4.4. IlpoxoxaeHrne KOHTPOJIBHBIX PYOekKel 10 UTOraM OCBOSHUS TUCIUILTAHBI TPOBOIUTCS B
CepeIuHe U B KOHIIE CEMECTpa.

2.4.5. Drtan npOMEXYTOUYHOM aTTeCTallid 10 MTOraM OCBOCHMS JAMCHUIUIMHBI B LIEJIOM
NoApa3syMeBaeT NpUEM 3K3aMeHa U CAMOCTOSITEIbHYIO TOATOTOBKY K HEMY.

ABTOp(BI):

Jlememiko bopuc JimutrprueBuy



