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1. Poap qucuumianHbl «Pu3uka 3amuTel. Yacthb 1»:

DJleMeHT . CocTaBJIsIONIHe Pe3yIbTATOB OCBOEHHS! (TECKPUITOPHI
o I/IH}I]{[K&TOPBI JOCTHIKEHU S KOMIIETEHIIHH
o0pa3oBaTeIbHOM KOMIIEeTeHIHH)
NPOrpaMMbI Cemectp Kon xoMnerennuu HauMeHoBaHMe KOMIIETeHIUH
Kon HaunmenoBanue HaumenoBanue
(AMCUMILIMHA, NPAKTHKA, Kox
HHIAUKATOpa HHIUKATOPA T0CTHKCHUHA
THA)
Brnaneer meTogamu aHanm3a,
OIIK(Y)- TEOPETUYECKUX HCCIICIOBAHUN B 00IaCTH
CrnocoOHOCTB UCIIOJIB30BaTh 1.13B1 NIepPEeHOCca U 3alUThl OT HOHU3UPYIOIIUX
Hcnons3yer 6a3oBbie .
0a30BBIC 3HAHUS M3ITy9EeHHUH
3HAaHUS
€CTECTBEHHOHAYYHBIX
€CTECTBEHHOHAYYHBIX
TVCLUIUIAH B
OLK(Y)-1 o N TUCLUIUINH B
- npodeccnoHaIbHOM
™ P N.OIIK(Y)- | mpodeccnonambHOM YMeeT Npou3BOIUTH TEOPETHYECKUE
JIeSITeNIbHOCTH, IPUMEHSTh OIIK(Y)-
1.13 JIESITEIILHOCTH, HCCIICIOBaHUS B 00JIACTH TIEPEHOCA U
METO/IbI MATEMATHYECKOTO 1.13V1 .
MIPUMEHSIET YHCIICHHBIE 3aLIATHl OT HOHU3UPYIOIIUX H3ITy4eHUI
aHaJIN3a ¥ MOJEINUPOBAHNS,
METO/IbI aHAJIN3A,
TEOPETUIECKOTO 1
TIPOU3BOIUT
9KCIIEPHIMEHTAILHOTO
TEOPETHYECKHE PACUCTHI 3HaeT METO/bI aHAJIM3a PE3YNILTATOB
HCCIIEeI0BAHHS
OIIK(Y)- 9KCIIEPUMEHTOB, OCHOBBI TEOPETHYECKHX
1.1331 HCCIIeIOBaHUI B 00JIACTH TepeHoca 1
3aIIUTHl OT HOHU3UPYIOLINX M3Iy4eHUI
du3uka 3aIUTLI. -
Yacrtp 1
Brnaneer onbITOM MOIENTMPOBaHUS
Q3JTMYHBIX (PU3NYECKUX SBICHUH Ha
nK(y)-2.281 | P ¢
OCHOBE Pa3IMYHBIX MATEMATHIECKUAX
MO/IXO/I0B
Cnoco0eH UCIoNB30BaTh AXOX
CrnocoOHOCTb TPOBOAUTD
COBpEMEHHBIE
MaTeMaTH4ecKoe YMeeT npruMEeHSITh METOIBI TSt
KOMITBIOTEPHBIE
MO/ICJTUPOBAHUE TIPOLIECCOB U MOJICIIUPOBAHUS Pa3IMYHBIX TPOLIECCOB,
N TEXHOJIOTUH IS
00BEKTOB AaTOMHOM OTpaciy ¢ N.IIK(Y)- MK(Y)-2.2Y1 | kak c HCHONB30BaHUEM CTAaHJAPTHBIX
[K(VY)-2 TIPOBENICHUS
HCTIOJIb30BaHUEM 2.2 MAKETOB, TaK M MyTeM HaITUCAHUS
MaTeMaTH4eCcKOro
CTaH/IapTHBIX METOIOB U IporpaMm
MOJICITUPOBAHUS B
KOMITBIOTEPHBIX KOJIOB IS
PA3IMYIHBIX MTPEIMETHBIX
MMPOSKTUPOBAHUS U aHAIU3a 3Haer METOAbI MATEMATHUYCCKOT'O
obmacTax
MOJICIIUPOBAHUS, B YACTHOCTH, METO/IbI
MK(Y)-2.231 | ceTo4HOTO, CTATHCTHIECKOTO, KOHETHO-

Pa3sHOCTHOTO U IIP. pelleHUs
MIOCTABJICHHBIX 3a/1a4d




Dj1eMeHT
o6pa3oBaTejbHOM
TPOrpamMMbl
(IMcHUNIMHA, MPAKTHKA,
THA)

Cemectp

HNHauKaTophl J0CTHKEHHST KOMIeTeHIIHI

CocraBJsionme pe3ybTaTOB 0CBOEHUs (1eCKPUNTOPHI

KOMIIETeHIIMH)
Kon komMnereHmum HanmeHoBaHHe KOMIIETEHIIMH
g a a Kon HaumeHoBaHHe Kox HaumeHoBaHHne
HHAUKATOpa HHIUKATOPAa 10CTHKECHUA
Brageer HaBBIKaMHM pacdeTa 3alIUTHI OT
raMMa-H3Ty4eHus], PeHTT€HOBCKOTO
TIK(Y)-3.2B1 | TOopMO3HOTO M3Iy4eHNs], ITyIKOB
3apsDKEHHBIX YaCTHUII C TOMOIIBIO [TAaKETOB
CIIEIUAIIbHBIX MPHUKJIATHBIX TPOTPaMM
YMeeT Hcnonp30BaTh HHKEHEPHBIE
Ocy1ecTBisIeT pacueT
r METO/IBI pacdeTa 3aluThI OT ITyYKOB
OTOBHOCTb K IIPOBEICHHIO 3aIIUTHI OT TaMMa-
PoBe H'[ IK(Y)-3.2Y1 | 3apsbkeHHBIX 4acTHLl, TaMMa-H3Iy4eHus,
(M3HYIECKHUX IKCIICPHMEHTOB H3ITy4deHUs,
N PEHTT€HOBCKOTO X TOPMO3HOTO
T10 33JaHHON METOJUKE €HTT€HOBCKOTO H
8 FUIEE, NITIK(Y)- p U3ITyYeHUs]
MK(VY)-3 COCTaBJICHHIO OITUCAHUS 39 TOPMO3HOTO H3IIy4CHUS,

MIPOBOIUMBIX MICCIICIOBAHUI ’ ITy9YKOB 3apsKEHHBIX

1 aHAIN3y HOTyIEeHHBIX YaCTHUI] C TOMOIIBIO

9KCTIEPUMEHTAIIBHBIX JaHHBIX TIAKETOB CHEIUATBHBIX o
3HaeT CBONCTBA U XapaKTePUCTHKN

TIPUKIIAHBIX TPOrPaMM
ITy9YKOB 3apsHKEHHBIX JaCTHUII, TaMMa-
U3JTyYeHHs] PaITOHYKIHHBIX
MK(VY)-3.231

HCTOYHUKOB, PEHTT€HOBCKOTO U
TOPMO3HOTO H3Ty4eHUsI, 0COOCHHOCTH
B3aMMO/ICHCTBUSI C BEILIECTBOM

CriocoOHOCTh K KOHTPOITIO Ocy1ecTBIAeT KOHTPOIIb

COOTBETCTBUSA 3a BBINIOJTHEHUEM Brnaneer HaBbIKaMU MJIAHUPOBAHUS U

pa3pabaThiBaeMbIX MPOEKTOB OCHOBHBIX CAaHMTapHBIX OpraHusanuu padoT Mo 00eCImeYeHUI0

U TEXHUYECKOH HLITK(Y) MPaBUII PabOTHI C SIIEPHON M pagualluOHHON

ITK(Y)-9 JOKYMEHTALMK CTaHAapTaM, ' 9.1 PpafnoaKTUBHBIMU [IK(Y)-9.1B1 | Ge3omacHOCTH; COCTaBICHUS

TEXHHUYECKHUM YCIIOBHAM,
TpeOOBaHUSIM 0€30TTACHOCTH
u )IpyFl/IM HOPpMaTHBHBIM
JOKYMEHTaM

BEIIECTBAMH,
UCTOYHUKaAMH
HOHU3UPYIOLIETO
H3IYYEHUsI, HOPM
paauannoHHOM

TEXHUYECKHX OTYETOB 110 PaUallMOHHON
00cTaHOBKE U J103aM O0JIydeHUs
COTPYJHHUKOB




Dj1eMeHT
o6pa3oBaTejbHOM
TPOrpamMMbl
(IMcHUNIMHA, MPAKTHKA,
THA)

Cemectp

HNHauKaTophl J0CTHKEHHST KOMIeTeHIIHI

CocraBJsionme pe3ybTaTOB 0CBOEHUs (1eCKPUNTOPHI

KOMIIETeHIIMH)
Kon komMnereHmum HanmeHoBaHHe KOMIIETEHIIMH
g a a Kon HaumeHoBaHHe Kox HaumeHoBaHHne
HHAUKATOpa HHIUKATOPAa 10CTHKECHUA
Oe3omacHOCTH
YMeeT NpUMEHATh METOAUKHI
paguaOHHOTO KOHTPOJIS TIPH
MK(Y)-9.1V1
oOpalieHn! ¢ paAuallHOHHBIMU
MaTepHaTaMu
3HaeT MeToJYECKHe, HOPMaTUBHEIE H
PYKOBOJISIIME MaTepHaIlbl,
MK(Y)-9.131
KacaloIuecs BBINOJIHAEMON paboTHI,
TIPaBHJIA M yCJIOBHUS BBIIIONHEHUS paboT
Cobumozaet HOpMBI 1 TK(Y) Brazeer MeTo1aMu obecreueHus
TIpaBhia ANCpHON 1 11.1B1 HKONOTUIECKOH 6€30macHOCTH
paananMoOHHOU ' SHEPreTHYECKUX YCTaHOBOK
CrnocoOHOCTB K KOHTPOJIIO 32 0e30macHOCTH,
co0moIeHueM BO3ICUCTBHS Ha
TEXHOJIOTHIECKOit OKPY’KaroIIyIO Cpexry.
N.IIK(Y)- ’ YmMeet onpenensaTs Tpedyembie
MK(Y)-11 JVCLUITIIMHBL U KOHTPOJIb 32
11.1 MK(Y)- MapaMeTpbl B COOTBETCTBHHU C
00CITy’)KUBaHUIO coOIoIeHeM .
. 11.1¥2 JIeHCTBYIOUIMMH HOpMaMH
TEXHOJIOTHYECKOT'0 9KOJIOTHYECKON N
panuanuoHHON 6€30MacHOCTH
obopynoBaHus 0€30IaCHOCTH, TEXHUKH
0€30MacHOCTH, HOPM H
TIpaBui TIK(Y)- 3HaeT HOPMBI PaIMAIMOHHON
HPON3BOACTBEHHOMN 11.132 6€30MacHOCTH




2. Iloka3zatesu u METO/JbI OIICHUBAHUA

Il1anupyemMble pe3yIbTaThl 00yYEHHS 10 TUCHHILINHE

Kon unaukaropa

HaunmeHoBanue pa3aeaa

MeToabl OLleHMBAHUSI

KO}I HauMeHoBanune JOCTHIKCHU A JHCHHUIIIHHBI (Ol.leHO‘{Hble Meponpmrmn)
KOHTPOJIMPYeMOoii
KOMIIETCHITUHA (HJIH ce
YaCTH)
CIOCOGHOCTb PACCHMTBIBATH 3AIIUTY OT FAMMA-H3TYqEHHS N.OTIK(VY)-1.13 Paznen 2. 3amuTa ot CamocrosiTesbHbIe PadoTHI,
ATTHOHYKIHIHBIX HCTOUHUKOB. DCHIICHOBCKOIO 1 TODMOSHOLO N.IIK(Y)-2.2 (hOTOHHOTO U3ITyYEHUS KOHTPOJIbHbIE PaOOThI, BHIIIOJHEHHE
PO 1 Pa/HOHYIIIA P p N.IIK(Y)-3.2 WJ13, naboparopHblie paboThI
U3JIyYSHHS B Pa3JIMNYHBIX YCIOBHAX UX MPUMEHEHUS. WLIIK(Y)9.1
N.IIK(Y)-11.1
CrocoOHOCTh KOHTPOJIMPOBATH BHIMOJIHEHHE OCHOBHBIX N.OTIK(Y)-1.13 Paznen 1. BBenenue B pusuky CamocrosTensHbIe padOTHI,
CaHWTAPHBIX MPaBUII paOOTHI C paIHOAKTUBHBIMHU BEIIECTBAMU NIIK(Y)-2.2 PaqHalnOHHOM 3alUTHI BemonHenne U/13
P2 Ha OCHOBE OCHOBHBIC HOPMAaTHBHBIC TOKYMEHTHI B 00J1aCTH Egﬁgg;'g ?
anraruonHon 3amutel: HPB-99/2009 u OCITIOPB-99/2010. : b
panual H VLITK(Y)-11.1
CrOCOBHOCTb HCTIONB30BATH ClIELHATBHBIE TAKETHI IPOrPAMM N.OIIK(Y)-1.13 Pazpmen 1. BBe):LeHuI/Ie B (hU3UKY JlabopaTopHbIie pabOThI, BBITOJHCHHE
JIsl PACUYETOB 3alUThI, YMETh 00pabaThiBaTh ALIIK(Y)-2.2 PAHATIMORHOMN 3AIIHTHL 13
P13 AU p = Y P > N.IIK(Y)-3.2 Paspgen 2. 3ammra ot
CUCTEMAaTH3UPOBATh Y aHAJIM3UPOBATh IOJIyYCHHBIE PE3YIIbTATHI WLIIK(Y)-9.1 (bOTOHHOTO H3TYUeHHS
N.IIK(Y)-11.1
CriocoOHOCTh HCIIONB30BaTh COBPEMEHHBIE KOMITBIOTEPHBIE N.OIIK(Y)-1.13 Paznen 1. Benenne B GusmKy CamocrosTensHbIe PadOTHI,
Pl 4 TEXHOJOTHH JIS IPOBEACHHUS MaTEMAaTHIECKOTO N.IIK(Y)-2.2 paavallMOHHON 3alUThI KOHTPOJIbHEIC PaOOTHI, BHITOITHECHHE
il MOJICTHPOBAHIS IPHKTATHBIX 33,124 B OGNACTH PATHAIHOHHOR N.IIK(Y)-3.2 Paznen 2. 3ammuTa ot NJ13, naboparopHble paboThI
N.IIK(Y)-9.1 (OTOHHOTO M3TYYECHHUS

0e30I1aCHOCTH YelIOBEKa 1 Opr)KaIOH.[eﬁ Cpeanbl

WLIIK(Y)-11.1




3. Ilkana OLlCHUBAaHUA
HOpﬂI[OK opraHu3alyi OLUCHUBAHUA PE3YJILTATOB 06y‘leHI/I5I B YHUBCPCHUTCTE PCTIIAMCHTHUPYCTCA OTACIIBHBIM JIOKaJIbHBIM HOPMATUBHBIM aKTOM —

«Cucrema OIIEHMBaHUS Pe3yabTaTOB 00ydeHus B TOMCKOM MonuTeXHUYeCKOM yHHBepcuTeTe (Cructema oleHuBaHU)» (B ICHCTBYIOUICH PEIaKIiN).
Hcnonb3yercst OamibHO-PEHTHHIOBasi CUCTEMa OLICHMBAaHUS pPe3ysbTaToB oOyueHus. MroroBas oneHka (TpaJULMOHHAs W JIMTEpHas) MO BUAAM
yaeOHoi nestenbHOCTH (M3ydenue aucummuinH, YWPC, HUPC, kypcoBoe NpOEKTUpPOBAHHME, NPAKTHKU) ONPEASISICTCS CyMMOW OaluioB IO
pe3yiabTaTaM TEKYIIEro KOHTPOJIS U IPOMEKYTOUHON aTTecTaluy (MTOroBast peMTHHroBas oneHka - Makcumym 100 6aioB).

Pacnipenenenre OCHOBHBIX M JONOJHHUTEIBHBIX Oa/UIOB 3a OLEHOYHBIE MEPOIPHITHS TEKYIIEro KOHTPOJS M MPOMEKYTOUHOW aTTeCTalluu

YCTaHABJIMBACTCA KAJICHAAPHBIM peﬁTHHF-HHaHOM JAUCHUITIIMHBI.

PGKOMGHI[yeMaH mKajaa ajisi OTACIAbHBIX OOCHOYHBIX MepOHpI/IHTI/Iﬁ BXOOHOI'O X TCKYIICI'O KOHTPOJIA

% BBINOJIHEHUS CooTBeTcTBHE
. Onpenenenne OLEeHKH
3aJaHusA TPAAUIUOHHOU OLICHKE
90%+100% «OTan4HO» OTiryHOE TOHUMAaHHE MpeIMeTa, BCeCTOPOHHUE 3HAHMSI, OTIMYHbIE YMEHUS U BIIaJICHUE ONBITOM MPAKTHYECKON

JESITebHOCTH, HEO0XOIUMBbIE PE3YIbTaThl 00ydeHHs C(HOPMHUPOBAHBI, UX KAYECTBO OLIEHEHO KOJIMYECTBOM 0aJlIoB,

OJIM3KMM K MaKCHMaJTbHOMY

70% - 89% «Xopomo» OCTATOYHO ITOJIHOE ITOHUMAHHUE IIPEIMETA, XOPOIINE 3HAHUS, YMEHUS U OIIBIT [IPAKTHYECKON JEATEILHOCTH, HEOOXOIUMBIE
9 9 9

pe3ysbTaThl 00yueHUs ChOPMHUPOBAHBI, KAUECTBO HU OJHOTO U3 HUX HE OI[CHEHO MHHUMAJIBHBIM KOJUYECTBOM OaJljIOB

55% - 69% «Y IOBJLY» [Ipuemnemoe noHMMaHue NpeaIMETa, YAOBICTBOPUTEIbHBIC 3HAHUS, YMEHUS U OIBIT IPAKTHYECKOU AESITEIbHOCTH,
HE00XO0IUMBIE Pe3yNIbTaThl 00yUeHHs cPOPMHUPOBAHBI, KAYECTBO HEKOTOPHIX U3 HUX OIIEHEHO MUHUMAIILHBIM KOJIHYECTBOM
0aIoB

0% - 54% «HeymoBi.» Pesynbrarel 00y4eHus: HE COOTBETCTBYIOT MUHMUMAJILHO JJOCTATOYHBIM TPEOOBAHUSIM
[IIxana s OLICHOYHBIX MEPONPHUATHI dK3aMEHA
% BBINOJIHECHHUS CooTBeTCcTBHE
3aJaHN i Jxzamen, TpagAUIIHOHHOM Onpenenenne OLEeHKH
IK3aMeHa Oaxa OLeHKe
90%+100% | 18 +20 «OT1aaHO» OTiryHOE TOHUMAaHHE MTpeIMETa, BCECTOPOHHNE 3HAHUS, OTIMYHbBIE YMEHHS U BIaJICHHE OTBITOM MPAKTHYECKOH

JesITebHOCTH, HEOOXOTUMBIE PE3YIbTaThl 00ydeHHs ChOPMHUPOBAHBI, UX KAYECTBO OLIEHEHO KOJIMYECTBOM 0aJuIoB,
OJIM3KUM K MaKCUMaJIbHOMY

70% - 89% 1417 «X0pomIo» JlocTaToOuHO MOTHOE TOHUMAaHUE MTPEIMETa, XOPOLINE 3HAHUS, YMEHHS U ONBIT IPAKTUYECKON EATENbHOCTH,
HEOOXOIMMBIE Pe3yNIbTaThl 00y4eHUs ChOPMHUPOBAHBI, KAUECTBO HU OJHOTO U3 HUX HE OIIEHEHO MUHUMAIbHBIM
KOJIMYECTBOM OaJlioB

55% - 69% 11+13 «Y 10BIL.» [Ipuemnemoe NOHUMaHUE NPEIMETA, YIOBIETBOPUTENBHbIE 3HAHNS, YMEHUS U ONBIT IPAKTUYECKON AEATEIBHOCTH,
HEO0OXOIMMBIE Pe3yIbTaThl 00yueHHs ChOPMHUPOBAHBI, KAYECTBO HEKOTOPBIX U3 HUX OLEHEHO MUHUMAIbHBIM
KOJIM4eCTBOM OajlioB

0% - 54% 0+10 «HeynoBn.» | Pe3ynpTatel 00ydeHHs HE COOTBETCTBYIOT MUHUMAJIBHO JIOCTaTOYHBIM TPEOOBAHUSAM




4. IlepeuyeHb THNOBBIX 3aJaHM I

OueHouHbIe MEPONPHATHS IIpuMepbl THIIOBBIX KOHTPOJIbHBIX 32JaHUIH
1. KonTposbHbIe paboThI 3amaua mist KP Nel:

1. Jlns TO4eyHOro U30TPONHOI0 HCTOYHHKA, PAIUOHYKINAA AX paccuuTaTh:
e TOCTOsSHHYIO pacnana (1/c);
e cpeaHee BpeMs KU3HHU PaTUOAKTUBHBIX aTOMOB (B eAuHUIax Ty );
e aktuBHOCTH (BbK) uepe3 Bpems ¢, eciiv B Ha4aJIbHBIH MOMEHT oHa paBHa 100 MKu;
e Maccy (T) palMOaKTUBHBIX aTOMOB B HAYaJIbHbBII MOMEHT BPEMEHU;
e uddepeHImaTbHEIE H MOTHYIO FAMMA-TIOCTOSHHBIE [0 MOIIHOCTH MOTIONIeHHO# 1035 (al p-M*/c-BK);
®  MOIIHOCTH MOTJIOMIeHHOH 10361 (MKI p/4) Ha paccrostarm 10 M yepe3 Bpems ¢;
®  MOIIHOCTH 3KCIIO3UITMOHHOM 71036I (P/d) B HaAYaIIbHBII MOMEHT BPEMEHHU Ha PacCTOSHUH | M.

HauanbHble nanHbIe B3STH U3 TAOIULIBI.

Iaemcs mabnuya HAYAILHBLIX OAHHBIX OJI1 PACHema, KOMopble UHOUBUOYATbHBL OJIsl KAANCO020 CIYOeHmA.

3anmava st KP Ne2:
Paccuutare ( @) om nepsuunozo usnyuenus, 6) om paccesHHO20 U3NYHYeHus) TOJIIUHY 3alIUTHONW CTEHbI M3
Matepyana X U TOJNLMHY 3alUTHOM JBEpU M3 Marepuana Y MexXIy NpPOLEAypHOH KOMHATOH, B KOTOpOU
YCTaHOBJIEHA TPOMBIIIEHHAs] TaMMa-yCTaHOBKA, 1 KOMHATOW YMpaBJIEHUs, €CII oIlepaTtop paboTaeT ¢ 4yacoB B
Henemo. ['aMMa-ycTaHOBKa HCIIONBb3YeT PaJHoOHYKIWA Z C aKTMBHOCTBbIO A, a MUHMMAJIBHOE pPAcCTOSHHE OT
OTKPBITOTO MCTOYHHMKA JI0 3alIUThl paBHO Rj. Ilpm pacuere 3amyThl OT PAaCcCESIHHOTO M3ITy4YEHHUS CUUTATh, YTO
paccTosHUE OT MUCTOYHHMKA J0 OCTOHHOTO IMOJia PaBHO F, a yroi KoJuMMaTopa IMEpBHYHOTO IMy4yKa paBeH Ok
rpagycoB. [laHHble Ui peIICHUs] 3a/audl B3SATh U3 TaOmuupl. B KaknoM BapuaHTe 3alIUTy OT HEPBUYHOIO
W3ITy4YeHHs] pacCUMTBIBATh YKa3aHHbIMU MeToiamu: YT — yHuBepcanbHble Tadmipl; H — Homorpammer; MOILITT —
MeToj1 ocnabieHus Upokoro myuka; CO — MeTos1 cJI0eB OcIa0IeHHS.
Haemcsa mabauya HayanbHuiX 0aHHBIX 0JIs pacyema, KOmopbwle UHOUBUOYANbHYL 0TIl KAHCO020 CIMYOeHma.

Bamaua mist KP Ne3:
JIunelHpI UCTOYHUK U3 panuoHyKInaa X uMeeT IIMHY L 1 akTuBHOCTH A. Halitu B ogHOM U3 Touek: Py min
P; (em. puc. 9.3 m 9.7 B y4 mocobum) Ha PAacCTOSIHUM @ OT MUCTOYHHWKA TONIIMHY 3alIUTHl U3 33JaHHOTO
BEIIeCTBa, KOTOpass OOecTedYnBaeT IOIMyCTUMBIE YCIOBHS ISl OMPEIENIeHHOW TPYNIbl OONydaeMbIX JIHII.
HauanbHble nanHble U1 peLICHUs 3aJa4u B3STh U3 TaOJIUIBI.
Haemcsa mabauya HayanbHuix 0aHHBIX 0JIsL pacyema, KOmopbule UHOUBUOYANbHYL 0TIl KAAHCO020 CIYyOeHma.

2. JlaboparopHsie pabOTHI 3aoanue ona navopamopuoii pavbomet BARRIER:




OueHouHbIe MEPONPHATHS

IIpuMepbl THIOBBIX KOHTPOJIbHBIX 32JaHUIH

ToueuHbI KOJUIMMHUPOBAHHBIM MCTOYHUK MOHO3Hepretudeckux (oronoB (PU, TU, paguonykmum) ¢ %2
yria KOJUIMMAIlii HaxOIWTCS Ha JICBOW TpaHuUIle Oapbepa M3 HekoToporo BeriectBa Tonmuuou 10 JACIL s
ncrounnkoB: PU, TU, pagnonykmux pacuer [CII nmpoBoanuts 1o cpemneii sueprun. Paccantars meronom MoHTe
Kapmo B mporpamme PCLab pexxum pa6otet BAPBEP:

1. 3aBucumMocTh uncia GOTOHOB 3a 0APEEPOM OT €ro TOJIIUHBI.

3aBUCUMOCTh HEPTrUU POTOHOB 3a OAPHEPOM OT €TI0 TOJIIUHBL.
Crextpsl hoToHOB 32 6aprepamu 2 JICIT u 5 JICIL
VYrnoBeie pacnpeaenenus potoHos 3a 6apbepamu 2 JICIT u 5 ACII.
3aBHCHMOCTh YHCIIOBOTO U JI030BOT0 AJIbOEIO OT TONIIUHBI Oaphepa.
CriekTp oTpaKeHHBIX (POTOHOB.
3aBUCHMOCTh MOITHOCTH TIOTJIOIMIEHHON J03bI B BO3AyXE 32 0aphepoM OT €ro TOJIIUHBI I MOITHOCTH

NNk W

uctounuka g (GoToHOB/C) umu ayis Toka 1 MKA, wiu aktusHocTH A Brk.

IIpumeuanue:
PN — penrreHoBckoe wusnydeHue 3anacrtcs HamnpsbkeHueM kB, T — Topmo3HOe H3iIydeHHE 3alaercs
KHHETHYECKOH DSHepruei »nekTpoHoB M»aB, momHOoCcTh ¢ (POTOHOB/C) 3amaercs Isi MOHOIHEPTETHIECKOTO
ucrounnka, 1 PU u TU 3agaeTcst TOk § MKA, 715 paIuoHYKJIN/IA 33]1a€TCs aKTUBHOCTH BK.

Bce pesynbTathl pacuera npecTaBUTh B OTYETE B rpad)HueCKOM BHJIE C YKa3aHHEM Pa3MEepHOCTEH.

Pesynbratel pacuera B PCLab HOpMupytoTcs: 11t panuonykiuaa Ha 1 Bk, 1711 ocTanbHBIX HCTOYHUKOB Ha
1 doton/c. B pannoHyKIMAHOM UCTOUYHUKE YOPaTh HJICKTPOHBI U IIO3UTPOHBI.

BapuaHnTsl 3a1aH1i IPUBEICHBI B TA0IUIIE.

Jlaemcsa mabauya HAYATLHBIX OAHHBIX 011 paciemd, KOmopbvle UHOUBUOYALbHBL OJisl KANCO020 CHLYOeHmA.

3adanue ona nrabopamopnoit pavbomuvr FLUX:
4
['aMMa-u3/ydeHne TOYCUHOrO H30TPOIIHOTO PAJMOHYKINAA X BBIXOAUT U3 KOJUIMMATOPA C Y% yria Ipu

BepimnHe 3° U magaer Ha Oaphep TONIIMHON d W3 BEIIECTBA Y, KOTOPBIA HAXOAWTCS HA PACCTOSHUU 2 CM OT
HCTOYHHKA. 3a 0aphepoM Ha pacCTOSHUM 1 CM HaxXOQUTCA CHUHTHIUIAIIMOHHBIN IETEKTOP:

a) Nal(Tl) ¢ paguycom R, u tommuuoii AZ,. 3amurHas 060104Ka AeTeKTOpa BbionHeHa u3 MgO u Al

TONIIMHOM 1 MM KaXk1oro BelecTsa. JleTeKTop OKpY>KEH CBUHIIOBOM 3alllUTOM TONIIMHON 1 cM ¢ OTBepCTUEM IJIA
mydka guamerpom 10 mm.

6) nosynpoBogHUKOBBIA Ge ¢ paguycoM R, m tonmmHoit AZ., , KOTOPbIH OKPYXKEH CBHHIIOBOM 3alMTOMN

TOJIMHOM 1 cM ¢ oTBepcTHEM A1 ITy4yKa AMaMeTpoM 10 MM.

Paccuurars MeTogom MonTte Kapio B nporpamme PCLab pesxum padotet FLUX (ITOTOK):
Pacnpenenenue nMIynbCOB MOTJIOMIEHHOMN B AETEKTOPAaX SHEPIUU raMMa-U3ITyuYeHHsI ICTOUHHUKA;
AnmnaparypHbli CIIEKTp UMITYJIbCOB (PYHKIHMIO OTKIIMKA AeTeKTopoB, Detector Response Function (DRF));
[Monnyro 3 dexTrBHOCTE peructpanuu aerekropos (Eeff);

DddexTurHOCTL NeTeKkTOpOoB MO Goronuky (PHeff).
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PGSYJ'H)TaTI:I pacuc€Tta NpeaACTaBUTHL B Fpa(l)I/I‘{eCKOM BUAC, 4 TAKIKEC I'COMCTpPHIO, B KOTOpOﬁ MMPOBOAUTCH

MOZACIINPOBAHHC. BapI/IaHTLI 3aI[aHI/II71 IMPUBCACHELI B Ta6J'II/IHC.

Jlaemcsa mabnuya HayanbHblX OAHHBIX 1A paciemad, KOmopbvle UHOUBUOYAIbHBL OJisl KAXCO020 CHYOeHmA.

(ManuBuyanpHBIE TOMAITHIE
3amanus (U/13)

3ananmue 3: Bzaumooeiicmeue pomonos c eewecmeom

KOHmpOJZbele 8onpocsl

1.

Haiite onmcanue doroaddexra, s3dhdhexra Komnrona u sdekra o6pazoBanus map mo cueAyroen cxeme: 9To
MIPOUCXONT, 3aKOHBI COXPAaHEHHS SHEPTUH (MMITYJIbCa), BTOPHYHBIC YAaCTHIIBI, HX YHEPTETUIECKOE U YTIIOBOE
pacrpenenieHre, 3aBUCUMOCTh CEYEeHHUS OT aTOMHOTO HOMEpa BelIecTBa U SJHEPrHH (POTOHOB.

Kak mpotekaer ¢orosimepras peaknus? UTo Ha3pIBalOT TMTAaHTCKUM pe3oHaHcoMm? B dem 3akimrodaercs
paaranuoHHAs OTIACHOCTH (POTOSAEPHBIX PEAKITHI?

N300pa3uth rpaduueckd 3aBUCUMOCTh CEUCHHH OCHOBHBIX IIPOIIECCOB B3aUMOJCHCTBHS (DOTOHOB C
BCIICCTBOM OT UX SHCPI'UU.

Raoauu

1.

Tonkass mumieHp obmy4aercss GotoHamu c¢ sHeprueii 10 MaB. Halitn oTHomieHHe 00pa30BaBIIMXCS B HEH
HO3UTPOHOB K JIEKTPOHAM. Brraucnute 310 oTHOmEHUE B BenecTBe X (cM. Tadu. 1).
Jlaemcsa mabauya HAYATLHBVIX OAHHBIX 011 paciemd, KOmopbvle UHOUBUOYAIbHYL OJist KAXHCO020 CIYOeHmA.

OnpenenuTts CPeHIOI KHHETHYECKYIO SHEPTUIO 3JIEKTPOHOB U IIO3UTPOHOB, 00PA3YIOIIUXCS B 3JIEMEHTAPHOM
akTte a(dexta 00pa3oBaHus map, eciu dHeprust GoToHOB paBHa 8§ MaB.

CBuHIIOBas MJIaCTHHA TOJIIUHON 1 MM, TOMeleHHas B Kamepy BuibcoHa, oOmydaercst oTOHaMU ¢ SHepruen
2,62 M»aB. Bcero oOHapyxkeHo 435 cnenoB no3utpoHoB u 2410 cnenoB 3nekTpoHoB. OnpeaeauTs OTHOIIEHUE
2rlap/(z(l)om + 21«)1\/111)-

OneHuTh MaKCUMANIBHYIO HEPTHUIO SIpa OTIA4u Hpu poxkaeHuu ¢otoHoM c 3Heprueit 100 MaB snextpon-
MTO3UTPOHHOM Maphl Ha sIpe CBUHIIA.

PagmoaktuBHBIN mpemapar u3nydaer ase juHMHA: E; = 60 k3B m E, = 70 xoB. IlogoOpare BemecTBo u
TOJILMHY TOTJIOTUTENs Tak, 4ToObl nuHus E, Obula ocnabmena B 100 pas, a nunua E; mpomymena c
MUHHMAaJIBHBIMU TOTEpsIMH. Bo ckonbko pa3 Oyzaer ocnadnena muuust E,?

Ha xako#i yrom oTkiIoHHTCS (OTOH C DHEpPruen EY B PE3yJIbTaT€ KOMIITOHOBCKOI'O PAaCCEsHMsI, €CIU €ro
SHEPrus MOCJIE paccesHUsI COCTaBUT oL % oT HavaspHON? HaliT sHepruto anexkrpona. HauanbHele naHHBIE B3SIThH

u3 Taom. 2.
Jaemcs mabnuya HAYATBHLIX OAHHBIX O/ PACYEMa, KOMOPble UHOUBUOVATILHBL OJisL KANCO020 CMYOeHma
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3ananue 8:3auuma om mopmo3nozo uzyuenun

Konmponwnuie gonpocwi
Kak oOpazyercst TopMO3HOE U3IyUIECHHE U 1€ OHO UCTIOIB3YeTCs?
Kak paccunTaTs 3amuTy OT TOPMO3HOTO U3ITYYECHUS OTa-M3MyqalomnuX PaAnOHYKIHI0B?
Uto Ha3bIBaIOT MOIIHOCTBIO MTOKA3aTeNs TKAHEBOM MOIIOMIEHHOH 10361 TOPMO3HOTO U3ITY4YEHUs?
Kakumvy MeTomaM1 MOYKHO paccurTaTh 3aIlUTy OT IEPBYHOTO TOPMO3HOTO H3TyUEHHS?
Kak MOXHO paccumTaTh 3aIIUTYy OT PACCESTHHOTO TOPMO3HOTO M3ITydeHHs?
B deMm 3axmoyaroTcs OTIMYHS MEXKIY «HOBBIMH» M «CTapbIMW» HOMOTpaMMaMM JAJisl pacdyera 3allUThl OT
PEHTI€HOBCKOI'0 M3ITy4eHus?
3aoauu

1. Panmmowmsoromnnbie TepMmodnekTpudeckue reHepatopbl (PUTOIY) sBisifoTcs MCTOYHWKAMH aBTOHOMHOTO
SJIEKTPONUTAHUS C TIOCTOSIHHBIM HampspkenueM oT 7 10 30 B 1 MomHOCTIO OT Heckobkux BatT 10 80 Bt. Onn
NPUMEHSIOTCS  AJI1  Pa3IMYHOM aBTOHOMHOM ammaparypbl, YyAaJE€HHOM OT TPaAULUOHHBIX HCTOYHUKOB
ANEKTPOCHAOXKEHUSI W HYXJAMOMeicss B HEOONbIION MOIIHOCTH TPH OYEeHb IUTEIFHOM BPEMEHH paboTHI,
CIIMIIKOM OONBIIOM Ui TOIUIMBHBIX JJIEMEHTOB WM akkymynsaropoB. Hauwbonee mmpoko PUTOIm
WCIIONB3YIOTCS B KauecTBE WCTOYHMKOB 3JIEKTPONUTAHMS HABUTAIlMOHHBIX MasKOB, palOMaskoB U
mereoctanuuil. PUTOI'n Takxke SBISIOTCA OCHOBHBIM HCTOYHUKOM 3JIEKTPOIUTAHUS HA KOCMUYECKHUX alapaTax,
AMEIOIINX TMPOJODKUTEIFHYI0 MHCCHIO M CIIBHO yhamstonuxcs ot Comrna (Hanpumep, Bosimkep-2), rae
HCIIOJIb30BAHUE COJIHEYHBIX OaTapeit Hed((HEKTUBHO MUITH HEBO3MOKHO.

Sk~

B PUTOI ucnonb3yeTcs HCTOYHKK TEIUIa Ha OCHOBE 0eTa-H3Iydaiomero paguonykmuaa - Sr+"Y aKkTHBHOCTBIO
100 xKu. Haiiti TonmuHy 3alMThl U3 CBHHIIA (CTaIH) OT BTOPUYHOTO TOPMO3HOTO U3TYUYSHHS NCTOUYHHUKA JIJIS
CHID)KEHUS MOITHOCTH SKBHUBAJICHTHOM JI03bI HA pacCTOSIHUU 1 M OT ee moBepxHOoCcTH 110 10 Mk3B/4. Cuurarh, 4YTO
MOTJIOLICHHE OeTa-4acTHI] IPOUCXOIAUT B TUTaHE (Ha camoM zene B SrTi0;).

2. Haifru TommumHy 3amuTel 3 OeToHa (CTeHa J1abopaTopuy) W CTand (BXOJHAS ABEPh) IS ONpeleieHHON
KaTeropuy 00JIyd4aeMbIX JIMI[ OT TOPMO3HOTO U3IIYyUYEHHS HJICKTPOHHOIO YCKOPUTEIIS Ha SHEPIHIO T0 H TOK I. MuieHs
YCKOPHTEJNSA M3rOTOBJIEHa U3 BemecTBa X. PaccTosiHue 10 CTEHBI (IBepH) OT MUIIIEHH yCKOpUTeNs paBHO R. JlaHHbIE 1

peleHus 3aa4uu B3sITh U3 Taod. 1.
Jaemcs mabauya HAYATBHLIX OAHHBIX O/ PACUEMa, KOMOPble UHOUBUOVATILHBL OJisL KANCO020 CMYOeHma

3. OmnpenenuTh TOJNIIMHY 3alIUTHl M3 OETOHA IS ONPEACIEHHOW KAaTeropuu OO0JIy4aeMbIX JIHI[ OT
MIEPBUYHOTO M PACCETHHOTO TOpMO3HOTO n3nydeHus (TH) 311eKTpOHHOTO YCKOPUTEIS Ha YHEPTUIO To U TOK i
B HAIIPaBIICHUH, MEPIICHANKYISIPHOM K HAIIPABICHUIO pab0dero mydka yCKOpUTENs. PaccTosHue oT MUIEeHH
YCKOPHTENS A0 3alIUTH paBHO R, a PaCCTOSHHUE B HAMPABJICHUH MEPBUYIHOTO Imydka T 10 GETOHHOW CTEHBI
OyHKepa paBHO 2 M. MI3BeCTHO, UTO MUIIIEHb YCKOPUTEIISI U3rOTOBIICHA U3 BOJIb()paMa M UMEET ONTUMAIBHYIO
TOJIIVHY, a 3allUTa YCKOPUTENsS CHIKAeT MOIIHOCTH JIO3BI BHE 30HKEI pabouero myuka TU (koHyc ¢ yriom
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npu BepmuHe 30°) m0 3HaueHuid, He npesbimarmux 0,1 % OT M03bl B IleHTpe mydka. Pacuer s
paccestHHOTO u3Nny4eHus BeIMoHUTH B PCLab. JlaHHbIC 1iis perieHus 3a1auu B3aTh U3 Tad. 2.

Laemcs mabauya HayanbHLIX OAHHBIX 018 pacyema, KOmopbvle UHOUBUOYATIbHBL OJisL KAHCO020 CMYyOeHma

Pacuemvt ¢ npozpamme «Komnvromepnan navopamopusn» (K/JI/PCLab)

4. Paccunrats o nporpamme KJI B pexxume PROTECT rtonmmny 3amuTthl u3 OeTOHa, )Kelle3a W CBHHIA OT

NEPBUYHOI0 U paCCCAHHOI0 TOPMO3HOI'O U3JTyYCHU A (TI/I) OJICKTPOHHOT'O YCKOPUTEJIA Ha SHEPIUtO T(') " TOK

i. [lonoBuHa yria xoyummMaTopa nepBudyHoro myuyka TH paBHa 6, paccTosHUE OT MUIIEHH YCKOPHUTENS 10
3aIIUTHI R3 He Mmensercs. Ilpu 3amute ot paccesHHoro TU mpuHATH, 4TO MEPBUYHBIA TOPMO3HOM IMy4OK

najgaeT HOPMaJdbHO Ha OETOHHYIO CTEeHYy. PaccrosHMe OT IeHTpa MajeHUs Iy4Ka OO 3allUTHOW CTCHBI,
PacHoI0KEHHOHN MEePIEHINKYISIPHO TUIOCKOCTU MaJACHUS NEPBUYHOIO IIy4Ka, TAK)KE PAaBHO R3 . 3a 3amuToi

HAXOIUTCS OIpEIe/iCHHAs KaTeropus oOJy4aeMmbIX JHil. HalTu TONIMHY 3amIuThl M3 OeToHa [yis
MEPBUYHOTO H3JIYYCHHUS IPYTHM METOIOM (METOJ CIOEB OCIa0JICHHs WM HOMOTpaMMbl MaIKOBHYA).
JlanHbIe TS perIeHns B3ATh U3 Ta0. 3.

Jaemcs mabnuya HAYATBLHLIX OAHHBIX O/ PACUEma, KOMOPble UHOUBUOVATILHBL OJisl KANCO020 CMYOeHma

CaMocTtosTenbHbIe pabOThI

Bonpocwt ons 1-ii camocmosmenvuoii pabomol

YkaxuTe C mOpuMepaMH, B Kakux OOJacTSIX 4YeIOBEYECKOW IEeATENIbHOCTH HCIONb3YIOTCS
MOHU3HPYIOIUE U3ITYYCHHS B HACTOSIIIIEE BpeMsi?

Ha xakue ctaauu MOXKHO pa3fenuTh ACHCTBHE M3NTy4yeHUS Ha OMOIOTHYECKYyro Molyekyny? B uem
3aKJII0YAIOTCS HX OCHOBHBIE OCOOCHHOCTH?

UTo Ha3bIBAIOT MPSMBIM M KOCBEHHBIM JEHCTBHEM H3NydeHHUs Ha Ouojorumdeckuii o0nekT? Kakos
BKJIaJl KOCBEHHOTO JICMCTBUSI W3IIyUCHHS B paJUAIlMOHHOE TOpaXeHHe Ouosiormueckod TkaHu? Yrto
Ha3bIBAIOT CBOOOIHBIMU PaUKaTaMu?

B uem 3axmouaercs pammoOuonornyeckuii mapanokc? KakoBa BenmMurMHA CMEPTENBHOM JO3BI IS
miekonuraronux? [louemy nonusupyroiiee u3aydyeHrne OnacHo JJIs )KUBBIX OPTaHU3MOB?

Bonpocul ons 2-1i camocmosmenvrot pabomul

. UTo Takoe akKTHUBHOCTHb pPaguOHYKIINa WU B 4YCM OHa I/I3Mep}ICTC}I? Yrto Ha3bBIBaIOT IIOCTOSHHOMU

pacnana panuoHykiauaa? HanummTe 3akoH paguoakTHBHOrO pacmaja. llomyuuTe cBsi3b Macchl
PAIUOHYKIIU/IA C €70 AKTUBHOCTHIO.

. Uro nHazpBawT auddepeHnnanbHON IUIOTHOCTHIO TMOTOKA YaCTHIl, TUIOTHOCTBIO TOTOKA YacCTHII,

¢roeHcoM yacTull? YKaxuTe UX pa3MepHOCTH. YTO Takoe MHTEHCUBHOCTD U3ITydeHUA?

. UTo Ha3pIBAIOT JWHEHHON mepenaveil sHeprun? B dyem ee oTiiMumMe OT TOPMO3HOW CIOCOOHOCTH
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\© o0

1.

12.

BemiecTBa? Jlaiite onpenesneHre NorJIOEHHON 103bl, €AUHULIBI U3MEPEHHUS.

. Uto Takoe oTHOcHUTeNbHAs Ouonoruyeckas HPQPEKTUBHOCTh U3ITydeHUss? [ne wucmonb3yercs

B3BCIIMBAOIINN KO3PGUIIMEHT HU3JIydeHHs] U Kak OH cBs3aH ¢ OBbD? Jlalite omnpeneneHue
SKBUBAJIEHTHOM /103bl, € AMHUIIBI U3MEPECHHUS.

. JlaliTe ompezneneHusl MOTJIOMIEHHON, SKBUBAJICHTHOH, d(PPEKTUBHOM 03bI, KEPMBl M YKOKHTE HX

pa3MepHOCTH.

. Iomyuure CBsI3b INIOTHOCTH MOTOKA ()OTOHOB C MOIIHOCTBIO IOIJIOIIEHHOM /1035l B BO3/1yXe€.
. Uto Ha3pBalOT Oa3WCHBIMH M (AHTOMHBIMH JIO3UMETPHUYECKUMH BenuunHamu? YTo Takoe

crannaptabiii panTom MKPE? Uto Takoe k03 duIimeHTs! nepexo/a, 3aueM Hy>KHbI?

Bonpocut u 3a0auu ona 9-ii camocmosmenvroli pabomsi
Uro Ha3bpIBalOT PEHTTEHOBCKUM M3JIyYE€HHEM, KaKOB €ro CHeKTpasibHbIi coctaB? Kak momywaror
PEHTTEHOBCKOE M3IyuYeHHE U TJe OHO ucHojib3dyerca? UTo Takoe paJAualiOHHBIA BBIXOJ
PEHTTEHOBCKOM TpyOKH?
Paccunrarhy 3amuTy OT NEPBHUYHOTO PEHTTEHOBCKOTO H3IYYEHHUS C TOMOIIBID HOMOTPAMM:
U...=200xB, i=2MA, R, =2 ™, (6eron, Pb), rp. A nepconana. OxHa uTepars.
Paccuurare 3ammry OT paccesHHONO PEHTIEHOBCKOIO M3JIYy4EHHsS C IIOMOIIBKD HOMOIPAMM:
U, =200kB, i=2MA, R,=2wm, (6eron, Pb), 0
UTEpaLHusl.
Kak paccuurtaTh 3aIiuTy OT TOPMO3HOT'O U3ITy4EeHHUs OeTa-pauoOHYKINI0B?
Kak paccunrtarh 3a1uTy OT TOPMO3HOTO M3IY4EeHHUsI 3JeKTPOHOB ¢ 3Heprusimu 0,2-3,0 MrB?

KOILT :150, rp. A mepconanma. OjHa

. UTO Ha3bpIBalOT MOIIHOCTBIO MOKa3aTellsi TKAHEBOM MOTJIOIIEHHOM J03BI TOPMO3HOI'O I/I3J'Iy‘IeHI/I$[?

PaccuuTarh 3amUTy OT MEPBHYHOTO TOPMO3HOTO H3JIYYEHHS C TMOMOIIBIO CJIOEB JCCITHKPATHOTO
ocmabnenns: E; =10 MaB, i=0,2MA, R,=2m, (6eron, Fe), rp. b mepconana. beron 2
urepauuu, Fe — onna.

PaccuuTarh 3amrTy OT TEPBHYHOTO TOPMO3HOTO H3JIYUYEHHS C IMOMOIIBI0O HOMOIPAMM:
E,=10M»sB, i=0,2 MA, R, =2 M, (6eron, Fe), rp. b nepconana. beron — 2 ureparuu, Fe —
OJIHA.

PaccuuTath 3ammTy OT pacCesHHOTO TOPMO3HOTO U3JIYYCHHS C TIOMOIIbI0 HOMOTPAMM:
E,=10MsB, i=0,2MA, R,=2wm, (6eron, Fe), 0
urepanuu, Fe — onna.

o =15°, tp. B mepconana. Beron — 2
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4

Bonpocul ons 10-1i camocmosmenvHoi pabomoi
Yro Takoe HaBeJleHHAsl aKTUBHOCTb BO3/yXa, B Pe3yJIbTaTe KakUX IIpoleccoB oHa oOpaszyerca? s
ANEKTPOHHBIX ycKopuTene Ha sHepruu 10 100 M»aB, kakoe u3inydeHre BHOCUT OCHOBHOW BKJIAJ B
aKTUBALMIO BO31lyXa?
Kak paccunraTh KOHIEHTpALUIO P ONPEAECIESHHOr0 HYKIHM/1a B BO3Ayxe?
UYto Takoe 3anpeTHbIN MEPUO U KaK €ro pacCuuTaTh?
UYro takoe panuonu3? IlepeuncinTs OCHOBHBIE 0COOEHHOCTH KaXKIOM CTAINU PAUOIH3A.
Uro Takoe panMalMOHHO-XMMHUYECKUH BBIXOA? M3 4ero cocTouT Tpek MOHM3UPYIOIIEH YacTHULbI?
Urto Takoe mmopa?
Kakue BpenHble BellecTBa MPEACTaBIAIOT HAUOOJIBLIYIO ONACHOCTh NPHU PaaHoiIn3e BO3Tyxa?
Onwumure nx (pu3nYecKre CBOWCTBA, BO3ICHCTBUE HA 3/I0POBHE.
Kak 3aluTUTBCS OT BPEIHBIX BEIIECTB, 00pa3yIOIIUXCs B BO3yXe MO/ AEHCTBUEM HOHU3UPYIOLIETO
n3nyyenus? Yo takoe 3anperHsblil nepuoa? Kak ero onpenenuts?
[IpuBenuTe aNropuT™ pacueTa paBHOBECHOW KOHIIEHTPALMU BPEIHOTO BELECTBA, 00pa3yIoLierocs B
BO3/lyX€ MO/ IeHCTBUEM HOHU3UPYIOIIETO U3JIyUYEHUS.

DK3aMeH

Bonpocbl Ha IK34MEH.:

1.

Ha kakue cTaguy MOKHO Pa3/ieNUTh JEHCTBHE U3IY4EHHUs Ha OHOJIOTMYECKyr0 Moiiekyny? B uem
3aKJIIOYAIOTCA MX OCHOBHbIE OcOoOeHHOCTH? UTO Ha3bIBalOT MPSMBIM U KOCBEHHBIM JE€HCTBHEM
U3Iy4YeHuss Ha Ouonorndyeckuid o0bekT? KakoB BKIag KOCBEHHOTO JIEWCTBUS M3IyYeHUs B
paIualoHHOe TIOpaKeHHue Ouoorndeckoi TkaHu? YTo Ha3bIBalOT CBOOOAHBIMU pajukaiamu? B dem
3aKIroyaeTcss  paaumooOuonornyeckuii  mapanokc? KakoBa BenMUMHAa  CMEpTENBHOM  J103BI  JUISA
mitexonuraromux? [loueMy noHu3Mpyouiee U31y4eHre OnacHo AJis KUBBIX OPraHu3MOB?
Jlo3uMeTpuyeckue XapaKTepUCTUKH IO W3JIYyYeHHS: TOIVIOUNIEHHAs J103a, SKBHUBAJICHTHAs,
s¢dekTuBHASL, KEpMa, UX PAa3MEPHOCTH.

®oTorddeKT: UTO MPOMCXOIUT, ABa crocoda CHATHUS BO30YKIEHHOTO COCTOSIHHSI, BTOPHYHBIC
YaCTHIIbI, UX SHEPreTUYECKOEe U YIJIOBOE pacIpeseseHus], 3aBUCUMOCTh ceueHus oT Z u E, rpaduxk.
Oddext Komnrona: 4To mpoucXoauT, AUarpaMma CTOJIKHOBEHHS, 3aKOHBI COXPAHEHUS YHEPTUU U
UMITYJIbCA, BTOPUYHBIE YACTHIIbI, WX HJHEPreTHUECKOE U YIJIOBOE paclpenesieHHe, 3aBUCUMOCTb
ceuenus oT Z u E, rpaduk ceuenus.

DddexkT o0pa3zoBaHUS dICKTPOHHO-TIO3UTPOHHBIX TAP: UYTO MPOUCXOIUT, 3aKOH COXPaHEHUS
SHEPruH, (CIEICTBUE U3 HETO), BTOPUYHBIE YACTHUIIBI, UX SHEPTETUUECKOE U YIIIOBOE PaCIpECIICHNUE,
3aBUCUMOCTh ceueHus oT Z u E, rpaduk, cnextp nmozutrporoB. Cyapba mo3utpona. DoTosiaepHbIe
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10.

11.

12.

13.

peakUMu: OIpEAeSIEHHe, MOPOTrOBbIE SHEPrUM, TMIAHTCKUM PE30HAHC, BEJIIMYMHA CEYEHHS, POJIb
peaKiMu JUIs 3alUThI OT u3iydeHuil. I'paduk nomnoro ceuenus X(E,).

®oHOBOEe OO0NydYeHHE UEeJIOBEKa: OCHOBHBIE KOMIIOHEHTHI (POHA, OCHOBHBIE KOMIIOHEHTHI
€CTECTBEHHOTO (POHA, KAKUMHU YACTHIIAMH OTPEACIISIOTCS. Y POBHU OCHOBHBIX COCTaBISIONINX (hOHA
g Pocecun.

JletepMuHUpOBaHHBIE (IIOPOTOBBIC, COMATHYECKHE) U CTOXacTHueckue (reHerudeckue) d3HQexTs
neiictBus paguanu. OCHOBHBIE KaTEropuu OOJydyaeMbIX JIMI, OCHOBHBIE Mpeneibl 103 U HUX
3HaueHus s 3tux kKareropuid mo HPB-99/2009. JJomyctumseie momraoctH 1036l 1o OCIIOPB-
99/2010 npu mnpoekTUpoBaHWHU 3amuThl. CaHWTApHO-3allMTHAs 30HA, 30HA HaOmoacHUA. llenb
paaualOHHOM 3allUTHI.

bazoBbie mo3umerpuueckue BenUUMHBL HopMmupyemble (3allUTHBIE) JT03UMETPUYECKUE BEIUYHHBL
OrnepallMOHHBIE JO3MMETPUYECKUE BEIUYMHBI: aMOMEHTHBIM SKBUBAJIEHT 03Bl (OIMpeeIeHHe,
PUCYHOK); MHIUBHAYAJIbHBIA SKBUBAJICHT J03bl (OmpejeneHue, pucyHok). COOTHOIICHUE MEXIY
ONEPALMOHHON ¥ HOPMHPYEMOU BEIIMUNHAMH.

['amMa-niocTosiHHAs paJMOHYKIWIA: ompereneHue, AuddepeHunanbHas, moiHas, dopMmyna s
BBIYHCIICHUSI, CBS3b C MOITHOCTHIO J103bl. KepMa-sKBUBAJIEHT: OmpeiesieHrne, pa3MepHOCTh, CBS3b C
AKTUBHOCTBIO HYKJIHA. PagueBblii raMMa-3KBUBAJICHT: OINPEJEICHUE, Pa3MEPHOCTb, CBSI3b C TaMMa-
MOCTOSIHHOM, MOIIIHOCTBIO MOTJIOIIEHHON U 3KCIIO3UIMOHHON JTO3bI.

dakTop HaKOIUIeHUs: omnpenenenue, Buabl ®H, ocHoBHBIE 3akoHOMepHOCTH PH, Gpopmyna Teitnopa
mnss @H. MonHoCTh TOTJIONIEHHOW M DKBUBAJICHTHOM J03bl Ha pacCTOAHMM R OT TOYE€YHOro
M30TPOMTHOTO MOHOXHEPreTUYECKOTO HUCTOYHMKAa (POTOHOB ¢ MoHIHOCTRIO ¢ (dopmyna 3-x
COMHOKHUTENEN).

3ammra BpEeMEHEM, KOJIMYECTBOM, paccTosiHueM. lIpakTuueckue MeTOApl pacuera 3aliuThl OT
(OTOHOB: yHHMBEpPCAJIbHBIE TAOMHIIBI ['yceBa, HOMOTpaMMBbI, 3alIUTHI TIO CJIOSM OCTA0JICHUSI, METO/T
KOHKYpPUPYIOIIMX JUHUN. OniucaHne METO/10B, OCHOBHBIE COOTHOILIEHHUS C YYE€TOM METO/a UTePaLIUid.
Anp0en0 M3TyYeHHIA: TTOJIOKUTENbHAS U OTPHUIIATEIbHAs CTOPOHBI, OCHOBHBIEC alTbOETHBIC 3a]1auu, TUITHI
anpbeno. Anb0eno (OTOHOB: PHEPreTHUUYECKOE paclpeesieHne, 3aBUCUMOCTh OT yIjla MaJeHHs, yria
OTpa)KE€HUs1, SHEPIUM UCTOYHHKA, OT aTOMHOIO HOMEpPA M TOJIMHBI paccenBarensd. CkaimaiH. Pacuer
3alIUTHl OT PACCESIHHOTO W3IYYEHUS PaJMOHYKJIHJIOB: OCHOBHBIE COOTHOUIIEHHS C YYETOM METOAA
WTEPALIUN.

Pacder 3amuThl A TMHEWHOTO UCTOYHHKA (C BBIBOJOM (HOPMYIBI). YUET pacCessHHOTO M3TyYeHHs
P pacyeTe TOoJI U3TYICHUS JTHHEHHOTO HCTOYHUKOB.

Pacyer 3amuThl Isi TMCKOBOTO MCTOYHHKA (C BBIBOJIOM (POPMYIBI). YUET PacCeSTHHOTO H3TyUCHHUS
IIPU pacyeTe NoJIisd U3ITYYEHUs] JUCKOBOIO HCTOYHHUKOB.
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14.

15.
16.

17.

18.

Yro Ha3bpIBalOT PEHTIEHOBCKUM M3JIyY€HHEM, KaKOB €ro CHeKTpajibHblil coctaB? Kak momydaroT
PEHTTEHOBCKOE M3JIyYEeHUE U TJ€ OHO HCHojib3yerca? YTo Takoe paJualuOHHBIA BBIXOJ
peHTreHoBcKoW TpyOku? KakumMu MeToJaMM MOXHO paccuuTaTh 3allUTy OT IEPBUYHOTO
PEHTTEeHOBCKOr0 u3inyueHus? Kak paccuurars 3aluTy OT pacCCESIHHOIO PEHTIEHOBCKOTO U3JIyueHus?
Mertozbl pacueTa 3aluThl OT TOPMO3HOIO U3JIyUEHUS JIEKTPOHOB HU3KUX U OOJIBIINX SHEPIHH.
Pacyer naOMpUHTHOM 3aIIUTHI: aJTOPUTM pacueTa, CXeMa PaclpOCTPaHEHUs U3JIyYEHUs, PUCYHOK
JaOUpPUHTA U BBIpa)KEHUE JUI1 MOLIHOCTH J103bl HA BXOJIE OT OJIHOT'O ITyTH.

Panuonus: 4To Ha3bIBAIOT PaguoIU30M, TPU CTAIUU PAHOIN3a, 3aBUCUMOCTb CTPYKTYpPbI TpEKa OT
JIIID. Panmonu3 BO3QyXa: OCHOBHBIE COCTABIIAIOLIME, pacyeT pPaBHOBECHOH KOHILIEHTpPALUH
TOKCHYECKUX BEIIECTB B BO3AYyXE OT HCTOYHHMKOB 3apsDKEHHBIX YacTHI[ W (POTOHOB, pacder
3aIllpeTHOrO NepUo/Ia.

3aoauu na rK3amen:

1.
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Ornieparop BHIMOIHSIET PAOOTHI C TOYCYHBIM U30TPOIHBIM UCTOYHHKOM ~ (s akTUBHOCTBIO 1,5 I'Bk
3a 3aIUTHBIM SKPAaHOM PYYHBIM 3aXBaTOM. CKOJIBKO YaCOB B HEJIETIO OH MOXET paboTaTh, 4YTOOBI HE
npeBbicuTh [IJ1J] m1st pyk, ecnu anuHa pykosiTku 3axBata 80 cwm.

JIns paGoT HMCIONB3yeTcs TOYEUHBIH M30TPOMHEIA McTouHMK “'Co axtuBHOCTHIO 1 I'BK. CKOJIBKO
BpEMEHM B JE€Hb (Mpu 6 NHEBHOM pal. Hezdene) MOXKHO paboTaTh MepcoHaly 0Oe3 3aluThl, eCiH
paccTosiHUe OT MCTOYHHKA J10 pabouero mecta 4 M?

Paccuurats (o ciosiM ocinaliaeHusl BCeMHU METOJaMH) 3allluTy U3 Kejie3a B OapbepHON TeOMeTpuH,
ocnadmstomnryto B 6000 pa3 MOTIOMIEHHYIO 103y B BO3AYXE OT TOUEUHOTO M30TPOITHOTO UCTOYHHUKA C
sHepruen S MaB.

OHpeI[eJ'II/ITL O6’LCMHYIO AKTUBHOCTb 1490K B KOPOBBEM MOJIOKE, €CJIM Ha 1 1 moIoka MMPpUXOAUTCS

1,7 T ecTeCTBEHHOTO Kanus , B KOTOPOM cozepxkurcs o macce 0,013 % paauoaktusHoro ;3K .

B omblTax 1o ompeneneHuIo dHEPreTHUECKOro pacrpefencHus (OTOHOB B OECKOHEUHOH BOJHOM
Cpelie JIETEKTOp MOMEINAIM Ha PACCTOSHUM 36 CM OT TOYEYHOTO H30TPOIHOTO MCTOYHUKA s Co
akTUBHOCTBIO 2 Ku. OnpenenuTs MOIIHOCTD MOTJIOIMIEHHON JO3bl B TOUKE PACIIONOKEHHS IETEKTOPa
(MxI'p/c).

C TOYEeYHBIM HM30TPOIHBIM UCTOYHUKOM (3Heprus 1 M»aB) paboramu 6 4 B Hememo 6e3 3amutsl. [Ipn
ATOM OTIEePaTop MOTydal MpeAeTbHO JOMYCTUMYIO HeIeIbHYIO 103y. O0beM padot yBemmuwmics 10 30 4
B Hezemo. Kakas TonmmuHa OETOHHOM 3alllUThl HEOOXOAMMA, YTOOBI /1032 HE MpEBBILANA MPEKHEN
BEJINYHHBI?
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10.

11.

12.

13.

3ammra u3 CBMHI@A TOJIIMHONW 12 ¢M npu paboTe ¢ TOYEYHBIM M3OTPOMHBIM MCTOYHHKOM sy Co

obecrieunBasia [1JIY oOnydenust mepconana. Bpemst pabGoTel yBenuuwim B 3 pasza, aKTUBHOCTB
UCTOYHUKA Bo3pocia B 20 pa3. HaliTu JOMOMHUTEIBHYIO TONIIUHY 3aIIUThI, 4TOOBI coxpanuTs [TV
JUIsl TIEpCcOHAaa.

B nynkr, maxonammiica Ha paccrosiHud 190 kM OT 3aBoja, Ha aBTOMAIMHE TPAHCHOPTUPYETCA
TOYEUHBIH M30TpOnHBIA MCTOYHUK 1 Ku ¢ sddextuBHOi 3HEprueit ramma-usnydenus 1,5 MaB u
ramMmma-skBuBajeHToM 3 Mr-3kB Ra na 1 mMKu. Hcrounuk wnaxomurcs Ha paccrosuur 0,7 M OT
comnpoBoxkaaromiero aumna. Cpeaass ckopocTh aBToMoouns 50 km/4. OnpeaenuTs TOIIIUHY CTEHKH
CBHUHIIOBOTO KOHTEWHEpa, T/I€ HaXOAUTCS MCTOYHUK, €CIU J03a IpU TEPeBO3KE HE J0JDKHA
MPEBBIIATh THEBHOM J103bI JUI [IepCOHaa MPH MIECTHAHEBHON paboueii Henerne.

PaccunTaTh 3alUTy M3 OETOHA OT INEPBMYHOr0 m3myueHus '~ Cs axTuBHOCTBIO 8000 Ku
1) Tabnuuel I'yceBa, 2) metof cioeB ocnabienus ). PaccrosiHue no 3ammrsl 2 M, 3a CTEHOH Ip. A
nepcoHaa.

B ramMMa-ne)eKTOCKOINH HCHOb3YeTCs PaIMOHYKINI ¢ KepMa-3KBHBaneHToM 1700 Hlpxm’/c ¢

sbdektuBHort sHeprueit 0,6 MaB. Omnpenenuts TONIMHY OETOHHOM U IKEJIE3HOW 3alUTHI,
CHIDKAIOIIEH MOIIHOCTh JKBUBAJIEHTHOW [03bl NMEPBHYHOIO M3JIYyYEHHs Ha PACCTOSHMM 1,5 M 10
IIPeIeNbHO JOMYCTUMOM IJIs IEpCcoHaa Ip. A.

Ornpenenuth TOJMIMHY OCTOHHOW W JKENE3HOW 3allMThl Ui MepcoHaiia Tp. A OT PaccessHHOTO
M3IydeHHs] PaJMOHYKIHIHOTO UCTOYHUKA C KepMa-dKkBHuBaaeHToM 1700 ulp - m° / ¢ ¥ 3hPexTuBHOM
sHeprueit 0,6 MaB, ecnu paccTosiHue OT UCTOYHMKA /10 OETOHHOTO IoJsia paBHO 1,3 M, a MoJIOBUHA
yria KOoJUIMMaTopa NEPBUYHOTO IMy4Ka paBHa 15°. R3=1 M.

TBIJI punoit 90 eM ¢ sddexTiBHOI sHEprueii ramma-usnydenus 0,8 MaB (n, = 1) u akTuBHOCTBIO

3-10" Bk, MeXUT HA JHE BOJHOI IIAXTHI MPOMEXKYTOUHOTO XpaHeHHs. ONpeIeTHTh HEOOXOMMMYIO
TOJILIUHY BOJHOW 3aIlUTHI, €CJIM PACCTOSTHUE OT MCTOYHMKA J0 ONeparopa 3 M M OH HAXOJAWUTCS Haf
cepelMHON MCTOYHMKA. 3ammra JoibkHa oOecrieunBath [1JY nns mepconana mpu 36 4 pa®oTel B
Heeno. [IpeHeOpeus MOMIOMEHNEM U PaCCETHUEM M3IIyYEHUs] B UCTOUYHUKE U BO3yXeE.

OnpenenuTs TOJNMIMHY 3aIIUTHl U3 OOBIYHOrO OeToHa (MIOTHOCTH 2,35 r/em’ ), PaCIIOJIOKEHHYIO
MapaJuIeJIbHO JAUCKOBOMY HCTOYHHKY AuamMeTpoM 120 cM ¢ MOBEpXHOCTHBIM YJIEIbHBIM T'aMMa-

-3
sxBuBazenToM 9-107 mr-oks. Ra/em®, ecnm sddexrnBras sueprus potoroB 1 MsB. 3ammra
NOJDKHA OOEeCTIeYnTh Ha pacCTOSHMM | M Haja IEHTPOM JHCKOBOTO HMCTOYHHKA MOITHOCTD
noTJIOIEeHHO! 10361 He Oonee IM/] pu 18 yacax paGoThI B HEEIIO.
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14. Haiftu To/mmHy 3amuThl 13 O€TOHA (CTEeHa JabopaToprK) M CTallM (BXOIHAsS JABEPb) /IS MEpCOHaa Ip. A
OT TOPMO3HOIO M3TYYEHHs 3JIEKTPOHHOro yckopurens Ha sHepruto 1,0 MaB u tok 0,3 MxA. MuiieHb
yckopuTens u3rorosniena u3 W. Paccrosinie 10 CTeHbl (IBEpH) OT MUIIIEHH YCKOPHUTENS PaBHO 2 M.

15. B nmomeuennn ¢ oGbemom 100 M’ paboTaeT NUHEHHBIA AJIEKTPOHHBINH YCKOPUTEIh HAa DHEPTHIO
20 MsB ¢ Tokom myuka 0,3 MA. PaGoTel mMpoOBOASTCS C YCKOPEHHBIMH JJICKTPOHAMH, KOTOPBIC
BBIBOJIATCS B BO3AYyX IOMENICHUs. HallTh paBHOBECHYIO KOHIIEHTPAILMIO O30HA B TMOMEIICHUU
YCKOPUTENSI U 3alpPETHBIM Mepuoji, €Cii PaccTOsHUE OT BBIBOAHOI'O OKHA YCKOPHUTENS 10 CTEHBI
MTOMEIICHUS PaBHO 4 M.

5. Meroanuyeckue yKa3aHus 110 npoueaype OeHUBAHUSA

OlIeHO'-lHLIe MeponpusaTHus Hpouenypa NMPOBEICHUS OLICHOYHOI'0O MEPONIPUATHA U Heo0X0AMMbIe METOAUYECCKHE YKa3aHUA

1. KontponbHas pabota BrIinosHsieTCsl BO BpeMsi CaMOCTOSTEeIbHON pabOoThI CTYJICHTA U 1aeTcs Ha MpoBepKy. OlieHUBaeTCs 1o 5-TH
OaIbHOM CHCTEME.

2. 3amuTa JrabopaTopHOi paboThl | 3amuTa JIa0opaTOpHOU PabOTHI MPOXOINT B paMKaxX cOOECEOBAHMS 110 TIOTYYCHHBIM PEe3yIbTaTaM.

3. CaMmocrosTenbHas paboTa Brimonusiercs B ayautopHoe Bpems, 15-20 MuH kaxaas camocrositenbHas. [IpoBoautces B popme
MMUCHbMEHHOTO OTBETA HAa OJMH BOMPOC (WJIM pelieHUe OJTHOM 3aa4i) U3 CITUCKA BOIPOCOB U 3a7a4.
OTBET o1leHUBAETCsI 110 5-TH OalIbHOM CHCTEME.

4. NupuBuyansHOE JOMANIHEE UYacTb 33724 pemaercs B ayJMTOPHOE BPEMS, a 4aCTh BO BPEMsI CAMOCTOSITETLHON pabOTHI CTy/IeHTa. 3aluTa

3aJaHue 3agaHud IPOBOAUTCA BO BpEMA KOHCYJIbTALIUH, TP 3TOM CTYACHT AOJDKCH NMCbMEHHO OTBETUTH HAa OJIUH BOIIPOC

Y pElINTh OJIHY 337a4y M3 CIIMCKA BOINPOCOB M 33/1a4.

5. DK3aMeH B teuenue 1,5 ayauTopHBIX YacOB HEOOXOAMMO HAIMKMCATh OTBETHI HAa 2 BOMPOCA U PEIINTH JIBE 3aJa4H.




