degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TEXHOJI0T Uil

II.A. ®opm

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: MeToabl HEHTPOHHOTO PAaCCEesTHUS ISl UCCIISIOBAaHM KOHICHCHPOBAaHHBIX CPEl]

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
kadenpa HaHO-, OMO0-, HTHPOPMAITMOHHBIX Y KOTHUTUBHBIX TEXHOJIOTUH

Kypc: 4

KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEXYTOUHOH arTectauuu: 8 (BeceHHUN) - nuddhepeHunpoBaHHbIil 3a4eT

AynuTOpHBIX 4acoB: 45 BCETO, B TOM YHCIIE:
nexuun: 30 gac.
cemuHapsl: 0 yac.
nabopaTopHble 3aHATHS: 15 yac.

CamocrositensHas padora: 45 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrtaBui: A.B. benymikus, kauz. ¢u3.-MaT. HayK, CTapIIni HAYYHBIH COTPYIHUK, JOLCHT

[Iporpamma obcyxieHa Ha 3acefjanuy Kadeapsl HaHO-, OMO-, THPOPMAITMOHHBIX ¥ KOTHUTHBHBIX TEXHOIOTHN
31.01.2020



AHHOTANMA

B mocnemnue rompl paccesHue HEUTPOHOB CTANI0 IIMPOKO HCIONB30BATHCS HE TOJMBKO B (PU3MKE, HO U B
XVMHHU, MaTepUAIOBEICHUH, OWOJIOTHUH, DKOJIOTMH, Haykax o 3emie, MHKCHEpHBIX Haykax. MHOTHe U3
MPOBOJIUMBIX HA HEUTPOHHBIX UCTOYHUKAX SKCIEPUMEHTOB MMEIOT MPSIMOE OTHOILICHHE K CO3IAHUIO0 HOBBIX
HAHOTEXHOJIOTH, OWOTEXHOIIOTWUH, HAMNpPaBICHHOMY W3MEHEHHIO CBOWCTB MarepualoB M JAPYTHX
HaIpaBIICHUH, CTPATETUYECKHA BAKHBIX JIJISI Pa3BUTHS COBPEMEHHOTO BBICOKOTEXHOJIIOTMYHOTO O0IIIECTRA.

Hns mpoBeaenusi HelrponHeix uccienoBanuid B CHIA B centabpe 2009 roma BbIBeJeH Ha NPOCKTHBIC
napaMeTpbl HEUTPOHHBIM MCTOYHUK HOBOTO TOKOJICHWSI HA OCHOBE MPOTOHHOTO CHHXpOTpoHa. [TomoGHbBIH
npoekT peanu3oBad U B Slnonuu. B EBpone Ha tepputopum LlBenun OGMU3MTCS K 3aBEPIICHUIO CO3JaHHE
HEUTPOHHOTO MCTOYHMKA C JJIMHHBIM MMITYJIBCOM Ha 0a3e MOIIHOIO JMHEHHOTO YCKOpUTeNs NMpOTOHOB. B
Poccun 3aBepriaercss MogepHU3alUsl IKCHEPUMEHTAIBHBIX CTAHLMH HCCIIEA0BaBTEILCKOTO peakroa MP-8
HUILL "KypuaroBckuii MHCTUTYT", OJM3UTCS BBIXOA HAa MPOEKTHBIC MapaMeTpPhl MOIIHOTO CTaIMOHAPHOTO
uccienoBarenabckoro peakropa «IIMK» B Cankr-llerepOyprckom wuHcTuTyTe sigepHor ¢usukn HULL
"KypuaroBckuiit HHCTUTYT", YCHEITHO paboTaeT YHUKAIbHbIH UMITYIbCHBIN peakTop MBP-2 B O0bequHeHHOM
WHCTHUTYTE SACPHBIX UCCieAoBaHu,. [lpu 3TOM, ecTecTBEHHO, JaHHBII MaTeprall He IPETEHAYET Ha TOIHOTY
n3noxeHus. Hekoropele BOIpOChI B HEM COBCEM HE PacCMaTpUBAIOTCS, IPYIUE H3JIOKEHBl KOPOTKO H
cxemaruuHo. [lo KaxmoMmy W3 HampaBlIeHMHA HMMeEETCs, KaK MpaBWjo, OOLIMpHAs CHenHaIu3upOBaHHAS
JUTeparypa, ClIMCOK KOTOPOH IIPUBEAEH HUKE.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- OCBOCHHUC CTyACHTaMH 0a30BBIX Hpe):[CTaBJ'IeHI/Iﬁ 0 MCTOAUKAX pPACCCAHUA HeﬁTpOHOB U HU3YyUCHHUC
OCHOB COBPEMECHHBIX JKCIICPUMCHTAJIBHBIX IMOAXOAOB K HCCJICAOBAHHUIO CBOMICTB KOHACHCHUPOBAHHBIX
cpea € uX NOMOIIBIO.

33]13‘[1/[ JAUCHUIIINHBI

- opMupoBaHre 0a30BbIX 3HAHWKA O CBOWCTBAaX HEHTPOHOB JJISI MCCIEJOBAaHUIN KOHJICHCHPOBAaHHBIX
Cpen, TOoNydaeMbIX Ha  YCTaHOBKax Kiacca 'MeracaiieHcC", HW3y4eHHE OCOOCHHOCTEW METOIUK
HEUTPOHHOTI'O PACCESHUS;

- (opmupoBanue 0a30BBIX 3HAHMH O CBOHCTBAX MaTEpPHAJOB, IOJYyYaeMbIX C HCIIOIb30BaHHUEM
paccesHusI HEUTPOHOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VK-2.1 ®opmynupyeT COBOKYHMHOCTh B3aMMOCBSI3aHHBIX
3aJad B paMKax IIOCTaBJIEHHOW  1enu  paboThl,
o0ecreynBaroInX ee JIOCTH)KEHHE. Ormpenenser
OKUJaeMbI€ PE3YyNIBTaThl PEIIEHHUS TOCTABICHHBIX 3a/1a4

YK-2 CriocoGen onpenensite Kpyr 3a/1a4d B
paMKax MOCTaBJICHHOM LENN U BBIOMPATh
OIITHMAJIbHBIE CTIOCOOBI UX PELICHUs], UCXOS U3
JEHCTBYIOIUX PAaBOBBIX HOPM, HUMEIOLITHXCSI
PECYPCOB U OTpaHUYEHUI

VYK-2.2 TIIpoektupyer peuieHHE KOHKPETHOW 3ajadu
MpOEKTa, BBHIOMpas ONTHUMAJBHBIA CHOCOO ee pelIeHHs,
UCXOAsl U3 NEHCTBYIOIMX MPABOBBIX HOPM U HMEIOLIUXCS
PECYPCOB U OTpaHUYECHUI

OIIK-4.1 Bnameer MerogamMM HAay4yHOTO TIOMCKAa H
MHTEJUICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoHanbHON AEATEIbHOCTH

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTHYECKOH MH(OPMAIIUK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3329

OIIK-4.2 3HaeT OCHOBHbIE HCTOUHUKH HAYYHO-TEXHUYECKOI
u (wiM) TexHoJOrHmYeckod wuHpopMauud B OOJACTH
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-4.3 VYMmeer cocTaBiATh aHHOTAlMM, pedeparsl,
oubnuorpaduyeckue mepeyHr W 0030pbl WHPOpPMALIUU B
o0sacTu cBoei mpoeccuoHaIbHOM e TeIbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOGHHS AUCHUIIIMHBI 00y4aIOIINeCs JOIKHbI



3HATh:
[J dyHIaMeHTaJ bHbBIE MTOHATHUS, 3aKOHBI, TEOPUU U (POPMYJIbI, OMUCHIBAIOIINE PACCESIHIE HEUTPOHOB B
KOHJICHCUPOBaHHbBIX Cpelax;
[J monyyenue, GOpMHUPOBAHUE U JCTEKTUPOBAHHE HEUTPOHHBIX ITYYKOB;
[J TeopeTHYECKUE OCHOBBI SIIEPHOTO U MaTHUTHOI'O PacCesiHUs HEUTPOHOB;
[J METOAMKH MPOBEACHUS SKCIIEPUMEHTOB U 00paOOTKH TaHHBIX [10 HEHTPOHHOMY PaCCesHUIO;
[J OCHOBHBIE METO]Ibl UCIIOIb30BAHUS HEUTPOHOB Ul U3yUeHUsI CBOMCTB BellleCTBa.
YMETb:
[l paccuuThIBaTh MapaMeTPBbI AIEMEHTOB dKCIIEPUMEHTAIBHBIX YCTAHOBOK HEUTPOHHOT'O PacCESIHNS;
O IPUMEHATh (U3MYECKHE TEOPUH K ONHCAHMIO XapaKTEPUCTHUK B3aMMOAEHCTBHUS HEHTPOHOB C
BEILIECTBOM, a TAKKE COOTBETCTBYIOILIUE METOMIBI HCCIEA0BAaHNs, OCHOBAaHHBIE HA UX HCIIOJIb30BAHNH;
[J pemarb OCHOBHbIE YPABHEHUS KJIACCUUYECKON U KBAHTOBOUW TEOPUU HEUTPOHHOI'O PACCESIHUS;

O 3¢ ($EeKTUBHO HCIOIB30BATh COBPEMEHHbIE HH(DPOPMAIMOHHBIE TEXHOJOTHH H PECypChl Ui
MONy4YeHHs HEOOXOIMMBIX 3HAHUW TI0 MHTEPECYIONICH HAaydIHOU Mpobieme.
BJIaJIETh:

[J crneuuanbHON TEPMUHOJIOTHEN B 00IACTH HEHTPOHHOTO PacCesHUS;
[J MeToauKaMHy IOCTPOEHUSI MOJENEH K OIIMCAHUIO B3AUMOJEHCTBUSL HEUTPOHOB C BEIIECTBOM;
[]  OCHOBHBIMH METOAAMH NPUMEHEHUS HEUTPOHHOIO PACCESTHMUSL.

4. Coep:xanue TUCUMILIUHBI (MOYJI5), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
CgoiicTBa HEUTpOHA. Hyanuzm
| BOJHa-4acTula. MICTOYHUKM HEUTPOHOB. ) 5
HeliTponst JU1s HA3y4YeHUs
KOHJICHCUPOBaHHBIX Cpe/l.
2 OCHOBBI TEOpUU paCCETHUS HEUTPOHOB . 2 1

KBaHTOBO-MexaHHYECKOE OIMCaHue
npolecca pacCestHusl.

w
[\
(9]

[Tonyuenue, ¢dhopmupoBanue u
JETEKTHPOBAaHUE HEUTPOHHBIX IIyUKOB.

[V}

MastoyroBoe paccesiHue.

Hetitponnas pedaexromerpus.

Judpakius HEUTPOHOB HA KPHCTaJIaX.

Heynpyroe paccesnue. Paccesnue Ha
¢doHOHAX.

N [R(N]R] W
Dn|Wn|—

MarautHoe paccesiHue.

KBaznynpyroe paccesHue HEUTPOHOB.

— =l 0 [Yfan|jwm]|

—

HelitpoHHOE CIMHOBOE 3XO0.

Koppexuus u ob6paboTka
IKCTICPUMEHTAIILHBIX JJAHHBIX.

N[RN[R
WD ||

—
NS}

Wtoro wacos 30 15 45

ITonroToBka k 3K3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)



Cemecrtp: 8 (Becennuit)

1. CoiicTBa HelTpoHa. Jlyanu3m BonHa-4acTuia. MictouHnku HeUTpoHOB. HelTpoHB! 1715 M3ydeHus
KOHJICHCHPOBAHHBIX CpEl.

XapakTepucTUKU HEUTpoHa Kak dacTHIbl. COOTHOLICHHUS MEXKIY Pa3lIMYHBIMH KHHEMaTH4eCKUMHU
XapaKTEPUCTUKAMKM HEWTpPOHA KAaK 4YacTULIbl M Kak BOiHbL. llomydyeHue HeWTpoHOB. Turbl
HCCIICAOBATEIbLCKUX  HMCTOYHMKOB  HEHUTPOHOB.  3ame/uieHHe  HeWTpoHoB.  CreKTpanbHOE
pacnpenenenre 3aMelJICHHbIX HeUTpoHOB. OCOOEHHOCTH CBOMCTB HEHTPOHOB JJIsl U3yUCHHS CBOWCTB
KOHJICHCHPOBAHHBIX CpEl.

2. OCHOBBI TEOPUH PACCESTHUSI HEUTPOHOB .

IMorox wHewTpoHoB. Ceuenue paccesaus. Ceuenume mnomnomeHus. JuddepennmansHoe cedeHue
paccestus. JBaxabpl nudepeHuuanbioe ceuenue paccessaus. OcnallieHne HEUTPOHHOTO IyYKa 3a
CUET PacCesiHUA U OIVIOIIEHUS.

BonHoBoe onmcaHue paccessHUusT HEUTpOHOB snpaMu. HelTpoHHas BosiHAa. YHpyroe paccesHHe
HEHUTPOHOB OJMHOYHBIM SIAPOM. PaccesiHue HECKONBKUMH sapaMu — uHTepdepenuus. KorepentHoe u
HEKOI'epEHTHOE cedeHus paccesHus. HekorepeHTHoe paccesHuEe 3a CYET OTHOCUTENIBHBIX
OpHEHTAIMil CIIMHOB HEUTpoHa W snep. HekorepeHTHoe paccessHMEe Ha siApax 3a C4eT U30TOIHOIO
Oecriopsiaka.

3. KBaHTOBO-MEXaHHUECKOE ONKCAaHKE MIPOIECCa PacCesTHUs.

HauanpHoe u xoHeunsle coctostHUs. I[1m0THOCTH cocrosHuii. OCHOBHOE YpaBHEHHE PpaCCEsHUS.
VYipyroe paccessHue Ha OJHOM U HECKOJBKHX siApax. Heynpyroe paccessHue HEMTPOHOB.

[lonHOe ceyeHue paccestHUsI OT CHCTEMBI siiep. JKCIepUMEHTallbHbIe cooOpakeHus. KorepentHoe
yIpyroe paccesiHue oT MHorux saep. KBanroBoe onucaHue ceueHus paccesiHus.

4. Ilonyuenue, popmMupoBaHHE U JETEKTUPOBAHUE HEUTPOHHBIX ITyYKOB.

Kommumaropel. HeiitponoBoasl. Monoxpomatopsl. [IpepriBaTeny mydka M CENEKTOPBI CKOPOCTEH.
Monspuzyromme  punbrpel.  [Nonspusyromme 3epkana. [lomspusyroniyie  MOHOXPOMATOPHI.
CruH-(nunmnepsl. ['a30Bble U CHMHTHILISIIUOHHBIE 1ETEKTOPHI.

5. ManoyrmioBoe paccesiHue.

Ceuenne paccesHHS OT HaHOpPa3MEpHBIX 00bekTOB. CTpyKTypHBIH (akrop. ManoyrioBoe
npuOIKeHne. MajioyrioBoe paccessdHUue OT HaHOYacTHI B pacTBope. DopM-dakrop TBepoit chepbt
u apyrux npocteix ¢popm. [HomuaucnepcHocTs. Bzanmonononasemocts HeliTponoB 1 CU. ®@opmyna
He6ast. [Tpubmmkenne ['mabe. 3akon [Toposa.

6. HeiirpoHHnas pediekroMeTpus.

Kospduument mnpemomienus. KBaHTOBOMEXaHMYECKOE pPAaCCMOTPEHHE TIPOIECcca OTPAXKCHUS.
OtpaskeHHe OT IIAaJKUX IUIOCKUX MoBepxHocTei. IlomHoe orpaskeHue. OTpaskeHHE Kak IPOLECC
paccesiHus. OTpaXKeHUE OT CIIOUCTHIX HAHOCTPYKTYD. LLlepoxoBarkie 1 BOTHHCTHIE TOBEPXHOCTH.

7. Audpaxust HEHTPOHOB HA KpHUCTaJIaX.

OneMenTapHbele sdeiiku. OOparHas pemerka. [lo3unum aroMoB B 3JIEMEHTapHOH  sueiike.
3acenennoctu mosuiuii. I'pynmbel cummerpun. 3akoH bparra. ®akrop Jlebas-Bamnepa. Murerpan
ceueHus paccessHus npu audpakuun. MozandHocts. DkcTuHKuus. Judpakuus no Jlays. udpaxmus
Ha ropomkax. J{nppakuus Ha HAaHOYACTHLIAX.

8. Heynpyroe paccesinue. Paccesinue Ha oHOHAaX.



Teopust paccesnusi Ha Konebanusax siaep. Kimaccuueckoe omucanue kojeOaTenbHONW IJUHAMUKU
KpuctaiioB. KBaHToBomexannueckoe onucanue. OnHo)OHOHHOE ceyeHne paccestHus. TpexoCHbIH
cnekrpoMeTp. CIIeKTpOMETPHI IO BPEMEHU POJIeTa.

9. MarautHoe paccesiHue.

MarHutHOe B3aUMOZEHCTBHE HEUTPOHA C aTOMOM. MarHUTHBIM MaTpUYHbINA 3J€MEHT. MaTpuyHbIil
3JIEMEHT Uil HENOJSIPU30BAHHBIX HEUTPOHOB. OCHOBHOE YpaBHEHHE MAarHUTHOTO PaCCESHUS.
MaruuTHbi popM-paktop. MarauTtHas qudpaknus. Heynpyroe MarautHoe paccesiHue.

10. KBazuympyroe paccestHrie HEUTPOHOB.

HenpepoiBaas muddysus. Mogens npebkkoBoit auddysun. Monens BpamarenbHOl auddysuu.
CrnexTpoMeTphl JUTs UCCIeJOBAaHHS IPOLECCOB AUPPY3UH.

11. HeliTpoHHOE CIMHOBOE 3XO.
O ekt cnnHoBOrO 3xa. CHMHOBOE 3XO0 MPHU HEYNPYToM paccesHuu. CIIMH-3X0 CIIEKTPOMETP.
12. Koppexknust 1 06paboTKa 3KCIIEPUMEHTAIBHBIX TaHHBIX.

DKCIepUMEHTaJIbHOE HM3MEpPEHHE MABAXKIbl MU(P(EpPEeHIINATBLHOTO CEUEeHHUsI paccesHus. Y4eT He
3aBucAmiero ot obOpasua ¢ona. CaMO3’KpaHUPOBKAa UM  OCJIA0JeHHE HEHUTPOHHOTO ITydYKa.
MmuorokparHoe paccesnue. KamnbpoBka HEHTPOHHOTO CIIEKTPOMETpA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

yueOHast ayTuTopus, HOyTOYK, IPOEKTOP, MEJIOBas 10CKa, MEJ.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JiATEparypa
1. Kpucramnorpadus [Tekcr] : yue6. mocodue mist By3oB / M. I1. lllackonbckas .— 2-e uzn., mepepaod.
u non. — M. : Beiciias mkoia, 1984 .— 375 c.

®onp auTeparypsl Kadeaps

1. ®usnueckas sunukIonenus, M.: “Coserckas sanukionenus’, 1990, crareu: “HeliTpon”,
“3ameniieHrie HEUTPOHOB .

2. FO.A. Anekcannpos, “@yHIaMeHTaIbHbIE CBOMCTBA HElTpoHa”, DHeproaroMmusaar, Mocksa, 1984.
3. E.Il.I1la6anuH, “UMnynscHbIE peakTopbl Ha OBICTPHIX HelTpoHax™ , - M. : Atromuznar, 1976

4. JluHaMHuYecKHe CBOWCTBA TBEPIBIX Tel M xujakoctel, non pea. C.Jlaseu u T.1npunrepa, M.:
«Mupy, 1980.

5. 10.A.UzromoB, H.A.YepnomnekoB. HelitponHas criekrpockonusi. M.; OHeproaromusaar, 1983

6. 10.A.UzromoB, PI1.03epoB MarautHas meritpoHorpadus, M., Hayka, 1966

8. “Paccesnue TemnoBsix HeHTpoHOB” nox pen. [1.Urencradda, Atomuzmar, M. 1970

9. Huxkurenko FO.B., Pednekromerpus nonsipuzoBaHHbIX HelTpoHoB / Hukurenko FO.B.,
CoipomsataukoB B.I. - M. : DUSMATIINUT, 2013.

10. K. KnaiinkHexT. JIeTeKTOpbl KOPITYyCKYISIPHBIX U3nydeHuit, M.: Mup, 1990

11. A.U.Cepryn, JI.A.®eiirun. PeHTreHoBCKOE M HEUTPOHHOE MaJIOyIJIoBOe paccesHue, M.: Hayxka,
1986

12. Tlon. Pen. M.A. Baiinmreiina, coBpemennast kpucramuiorpadus. T1. CuMMeTpusi KpucTaios.
Mertonsl CTPYKTYpHOU Kpuctamorpaduu, M: Hayka, 1979.

JomnonHurensHas aureparypa



®onp nuteparypsl Kadeaps

UY.Kurrens, Beenenue B pusnky TBepaoro teia, M.: «Hayka», 1978

H.Amkpodt, H.Mepmun, ®uznka TBepaoro tena, M.: «Mup», 1979

FO.M.Ocranesuy, M.H.Cepaiok. YOH 1.137, BbIn.1, 1982, .85

K.Yunnzop, Paccesinue HEHTPOHOB OT UMITYJIbCHBIX UCTOUYHUKOB, M.: DHeproaromuzaar, 1985

. C.B.Marnees, MccrnenoBanre KOHIEHCHPOBAHHBIX CpeJl OJISPU30BAHHBIMU HEUTPOHAMHU, PEIIPUHT
I[MAD 2083, I'arunna, 1995

kW=

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://www.ipmt-hpm.ac.ru/labs/xray/ru/main.html
http://www.lightsources.org/cms/?pid=1000098
http://www.lightsources.org/cms/?pid=1000103
http://www.xfel.eu/
http://nrd.pnpi.spb.ru/reaktorPIK/pik.html

M

8. IlepeyeHb NHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

L.http://flnph.jinr.ru/ru/

2. http://nrd.pnpi.spb.ru/reaktorPIK/pik.html

3. https://mmi3.eu/

4. https://www.ill.eu/neutrons-for-society/neutron-techniques/

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

Jis  ycremHoro OCBOGHHMS Kypca, MOMHUMO IIOCEILEHHUsS JIEKUWH, OT CTyAeHTOB  Tpelyercs
caMmocTosATeNbHas paboTa B 00beMe He MEHee YeM Te 4Yachl, KOTOPbIE yKa3aHbl Ul KaKIOro pasielna
MporpaMMbl. B OCHOBHOM, 3TO BpeMs OTBOIUTCS HA CAMOCTOSATENBHOE TOBTOPEHHNE MaTEpHAIa JIEKIH,
YTEHUSl PEKOMEHIOBAHHOM JIMTEpaTypbl U IOATOTOBKY K IIPOMEKYTOUHBIM TECTUPOBAHUSIM, KOTOpPBIE
MPOBOASTCS AJI1 TEKYLIETO KOHTPOJS 32 YCBOGHHMEM Marepuaina. Bcero mpeanonaraercst MpoBECTH 3a
CEeMECTp OJHY NMPOMEKYTOUHYIO KOHTPOJIBbHYIO, & TAKXKE PsIJl IPOBEPOUHBIX PaOOT. CTYCHTHI, YCHELTHO
mpouIeAmne JaHHYI0 (GOpMYy NPOMEXYTOUHOTO KOHTPOJIS, JOMYCKAIOTCA K clade S5K3aMeHa I10
JUCLUIUIMHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SJHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kagenpa HaHO, OMO, NH(HOPMAIIMOHHBIX U KOTHUTHBHBIX TEXHOJOTHIA

Kypc: 4

KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 8 (BeceHHul) - nuddhepeHunpoBaHHbIi 3a4eT

Pa3zpatGoTunk: A.B. benymkuH, kana. Qpu3.-MaT. HayK, CTapIInil HAyYHBINH COTPYAHUK, TOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-2.1 ®opmynupyer COBOKYIMHOCTb B3aUMOCBS3aHHBIX
3aJad B paMKax  IIOCTaBJIEHHOW  wenu  paboTsl,
o0ecIeunBaroIINX ee JOCTHKEHHUE. Omnpenenser
OXHJIa€MbIE PE3yJIbTaThl PEIICHUS IOCTABICHHBIX 33134

YK-2 Cnocoben onpenensiTe Kpyr 3a1a4d B
paMKax IMOCTaBJICHHOM LIEH U BEIOHPATH
OINITHMAJIbHBIE CTTIOCOOBI UX PELICHUS, UCXO/IS H3
JEHCTBYIOIUX ITPABOBBIX HOPM, HMEIOIIUXCS
PECYPCOB U OTpaHUYCHUI

VK-2.2 IlpoexTupyeT peuieHue KOHKPETHOM 3amadyu
MPOEKTa, BBHIOWpAs ONTHUMAIBHBIA CHOCOO €€ pelleHHs,
UCXOAsI M3 JEHCTBYIOIIUX MPABOBBIX HOPM U HMMEIOLIMXCS
PECYPCOB U OTpaHUYEHUI

OIIK-4.1 Brmageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJIbHOTO aHalin3a WHGOpMalH{ MpH PEIICHUN
3a7a4 npodeccHoHaIBHOM IesITeNbHOCTH

OIIK-4 CriocoOeH oCyIIeCcTBIATE COOp U
00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

OIIK-4.2 3HaeT OCHOBHBIE UCTOYHUKU HAy4YHO-TEXHUYECKOU
u (WiM) TexHoJOorHYeckod wuHpopManmuu B OONACTH
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIlK-4.3 VYMmeeT cocTaBiATh aHHOTAIMH, pedeparsl,
oubnuorpaduyeckue nepeyHr U 0030pbl MHPOPMALUHU B
o0JyacTu cBoei mpodeccuoHaIbHOM JIeATENbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesymprare u3ydeHHs AMCHUIDIMHBI «MeTOIBI HEHTPOHHOTO paccesHUsl Ul HCCIICTOBAHUI
KOH/IGHCHUPOBAHHBIX Cpe/» 00ydaroIuiics J0KeH:

3HATh:
[J dyHIaMeHTaJ bHbBIE MTOHATHUS, 3aKOHBI, TEOPUU U (POPMYJIbI, OMUCHIBAIOIINE PACCESIHIE HEUTPOHOB B
KOHJICHCUPOBaHHbBIX Cpelax;
[J monyyenue, GOpMHUPOBAHUE U JCTEKTUPOBAHHE HEUTPOHHBIX ITYYKOB;
[J TeopeTHUYECKUE OCHOBBI SIIEPHOTO U MaTrHUTHOI'O PaccesiHUs HEMTPOHOB;
[J METOAMKH MPOBEACHUS SKCIIEPUMEHTOB U 00paOOTKHU TaHHBIX 110 HEHTPOHHOMY PaCCEsHUIO;
[J OCHOBHBIE METO]Ibl UCIIOIb30BAHUS HEUTPOHOB Ul U3yUEHHsI CBOMCTB BellleCTBa.

YMeThb:
[l paccuuThIBaTh MapaMeTPhI AIEMEHTOB dKCIIEPUMEHTAIBHBIX YCTAHOBOK HEUTPOHHOT'O PacCESIHHS;
O HNPUMEHATh (U3MUYECKHE TEOPUU K ONHCAHMIO XAapPAKTEPUCTHUK B3aMMOACUCTBHUS HEHTPOHOB C
BEILECTBOM, a TAKKE COOTBETCTBYIOILIUE METOMIBI HCCIEA0BAaHNs, OCHOBAaHHBIE HA UX HCIIOJIb30BAHNH;
[J pemarb OCHOBHbIE YPAaBHEHUS KJIACCUUYECKON U KBAHTOBOW TEOPUU HEUTPOHHOI'O PACCESIHUS;

O 3¢ ($EeKTUBHO HCIOIB30BATh COBPEMEHHbIE HH(DPOPMAIMOHHBIE TEXHOJOTHH H PECypChl Ui
MONy4YeHHs HEOOXOIMMBIX 3HAHUW TI0 MHTEPECYIONICH HayqIHOU Ipobieme.
BJIaJeTh:

[J crneuuanbHON TEPMUHOJIOTHEN B 00IACTH HEHTPOHHOTO PacCesHUS;
[J MeToauKaMHy IOCTPOEHUS MOJENEH K OIIMCAHUIO B3AUMOJEHCTBUSL HEUTPOHOB C BEIIECTBOM;
[]  OCHOBHBIMH METOAAMH NMPUMEHEHUS HEUTPOHHOIO PACCESTHMUSL.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

B nemsx Tekymero KOHTpOJs yCHEBAEMOCTH MPEAYCMOTPEH KPATKHHM ONPOC MO TeMaM MPEbIIyIINX
3aHATUH, IO TEME IPOLUION JIEKIIUU WIH B KOHIIE 3aHSATHS 110 IIPOMICHHON TEME.



3. [lepeyeHb THUNOBBIX KOHTPOJIBHBIX 3aJaHHIl, MCHOJb3yeMbIX /AJsl OUEHKU 3HAHWI,

YMeHHii, HABLIKOB

HpOMe}I(YTOLIHaH arreccragusa 110

JUCLIUILINHE

«OCHOBBI paccesgHus HEWTPOHOB B

KOHJCHCHPOBAHHBIX _cpefax» ocymecTBisercs B (opme mauddepeHupoBaHHOTO 3ayeTa.
HuddepennrpoBanHbIii 3a4€T TPOBOJIUTCS B YCTHOM (opMme.

I[lepeuyeHb KOHTPOJIBHBIX BOIPOCOB:
1) ompenenure MOJHOE,

pacceaHuA.

muddepeHIATbHOE ¥ BB

muddepeHraIbHOe  CeYCHHE

2) TlokaxuTe, 4TO CEUEHME PACCESHUS HEHTPOHOB U30IUPOBAHHBIM SIPOM paBHO 47h2.
3) IMouemy BomopoIcoaeprKaiue BerecTBa 3pHEeKTUBHO 3aMeIAIOT HEHTPOHBI?

4) KakxuMu NpUYMHAMH BbI3BIBACTCS HATMYME HEKOTEPEHTHOT'O CCUCHHUS PACCESTHHUS

5) B uem cocTOUT MpHOIMKEHUE MAJIOYTIIOBOTO PacCesHuUsI.

6) Uro Takoe Bapuarus KOHTpacTa?

7) Hanumure BoipaskeHre popmyiisl J{ebas s MaoyriIoBOro paccesHusl.
8) Banumute Gopmyay KodpduIreHTa MPEIOMICHNS HEUTPOHHON BOJIHBI.

9) 3anummute hopmyny OpeHers.

10) K xakum 3¢pdeKkTaM BeeT MEPOXOBATOCTh MOBEPXHOCTH IPU OTPAKCHUH HEUTPOHOB?
11) BanuimTe OCHOBHOE YPaBHEHHE PACCESHHS HEHTPOHOB.
12) Yro Takoe KBa3Uylnpyroe HEHTPOHHOE paccesiHue?

13) IpuHiun ASHCTBHS CIIEKTPOMETPa CIIMH-IXO.

14) B yem Biusiaue ¢axropa Jebas-Bamiepa Ha kapTHHY AU(paKIKH.
15) Tpuniun paboThl ra30BOT0 MPOMOPIMOHATBHOTO CUCTUHKA.

ITprMepbl TECTOBBIX 3a/1aHUM:
1. cBOOOIHBII HEUTPOH pacragaeTcs Ha:

A) OoTpHUIIATENBHBIN MIOOH, IIO3UTPOH U TaMMa
KBaHT

b) npoToH, 371EKTPOH U ANIEKTPOHHOE
AHTUHEUTPUHO

B) He pacnanaercs, OCKOIbKY 3TO
cTaOuiIbHas YacTHULa

I') nonoxuTeNbHBINA MIOOH, AJIEKTPOH U
AIIEKTPOHHOE aHTUHEUTPUHO

2. CtpyKTypHbIi hakTop A5 1uppakuuy HEUTPOHOB OMMCHIBAeTCs (POPMYJIION:

A) Zbiexp(igri); rae bi -mponsBobHbBIC
BeCOBbIE KO DHUITMEHTHI, I — KOOPIUHATHI
aTOMOB B JJIEMEHTAPHOU STYEHKe

B) Zbiexp(igri); rae bi -korepeHTHBIE THHBI
paccessHusI HEUTPOHOB SApaAMH, Ii—
KOOPAWHATHI Y3JI0B 3JIEMEHTAPHOUN STYEHKHU

B) Zbiexp(qgri); rae bi-korepeHTHBIC TTHHBI
paccessHAsI HEUTPOHOB siApaMH, Ii—
KOOPIMHATHI aTOMOB B 3JIEMEHTAPHOM STYEHKE
I') Zbiexp(igri); rae bi -korepeHTHBIE THHBI
paccesiHAsI HEUTPOHOB siApaMH, Ii—
KOOPJWHATHI aTOMOB B 3JIEMEHTAPHOM SUEHKE

3. Ycnosue audpaxiuu mo Jlays cocTout B TOM, 4TO

A) yron nmaiieHus HEHTPOHOB Ha o0Opaszery
pPaBEH YTIIy OTPAKEHUS

b) nnrHa BOosTHBI HEMTpOHA TPUMEPHO paBHA
MEKaTOMHBIM PACCTOSIHUSAM B KPHUCTAJLIE

B) BekTOp paccesHUusI HEUTPOHOB PaBEH
BEKTOPY OOpaTHOM pelIeTKH KpucTasuia

I') B3aumopeiicTBre HEUTPOHA C aTOMaMHU
OIMCBIBAETCS IICEBAONOTEHIIMATIOM Depmu

4.C POCTOM aTOMHOTI'O HOMEpA 3JICMCHTA CCUHCHUC PACCCAHUA HCﬁTpOHOB:

A) YBenuuuBaetcs
b) Ymenbaercs

B) He usmensiercs
I') MoeT kak yBeIMYMBaThCS, TaK U
YMEHBIIATHCSA

6. ®opmyna /lebast B MaIoyrioBOM paccessHUU PUMEHUMA €CIIH

A) nnuHa BOJHBI HEUTPOHOB OOJIbIIE

B) wactuiiel U30TPOITHO pacipeiesieHbl B



XapaKTEPHOTO pa3Mepa pacCeMBAIONIMX YaCTHI[ PACTBOPE MO PACCTOSIHUSM M OPUEHTAIUSIM

b) paccesHue HocuT Heynpyruil Xxapakrep I') Bcerna npuMeHnMa

7. KpuTHUECKUM YIJIOM CKOJIBKEHHUS [IPH OTPAKEHUU HEUTPOHOB HA3bIBACTCS:

A) MakCHUMaJIbHBIA YTOJI, IPU KOTOPOM B) yromn, koTopoMm HEUTPOH HE MOKET OBITH
BBITOJIHSETCS YCIIOBUE TTOJTHOTO BHEIIHETO OTpa)keH OT MOBEPXHOCTH

OTpakKEHHUS

b) yrous, npu KOTOpOM HaYMHAIOT UrpaTh poiab ') MaKCUMaNbHBIN Yo, 10 KOTOPOro aTOMHOE
HEYIPYTUe MPOILECCh CTPOCHHE BEIIECTBA HE OKA3bIBAET POJIM Ha

IPOLIECCHI OTPAKEHHUS
8. B skcnepuMeHTax MO M3YYEHHUIO BpallaTeslbHOW Auddy3un MoieKyn B CIEKTpEe paccesHUs
HEHUTPOHOB HAOIOAETCS
A) TOJBKO KBa3uynpyras KOMIIOHEHTA B) ynpyras u Heynpyrast KOMIIOHEHTa
b) Tonpko ynpyrast KOMIIOHEHTa ') ynpyras u kBa3uynpyras KOMIIOHEHTa

9. AIII/Ia6aTI/I'~I€CKO€ N3MCHCHHWEC MArHuTHOrO II0OJIsI B OKCICPHUMCHTAX II0 PaCCCAHUIO
MMOJIAPU30BAHHBIX HeﬁTpOHOB O3Ha4acT

A) cKOpPOCTb U3MEHEHHMsI HAallpaBJICHUs B) Benymiee maruutHoe nose ci1abo MeHsieTcs
BEIYIIEr0 MArHUTHOTO TIOJISI B TIPOCTPAHCTBE  T10 BEJTMYMHE 32 BpeMsl MpeObIBaHUsI HEUTPOHA
MEHBIIIE CKOPOCTH HEUTpOHA B I10JIE

b) yrinosas ckopocTh U3MEHEHHUs HanpaBieHus: ') Ha BEMYMHY U HAIIpaBJIeHUE MarHUTHOT'O
BEKTOpa BEyLEro MarHUTHOTO TOJIs B II0JIS1 HE BJIMSIIOT BHEIIHUE (PAKTOPbI

IIPOCTPAHCTBE MHOT'O MEHBIIIE JIAPMOPOBCKOM
YacTOThI [IPELlecCur CIIMHA HEUTPOHA

IIpumepsl 3a1ay:

1) Jns HEHTpOHOB, HMEIOIIUX CKOpPOcTh 2200M/C, OLEHHTH pPACCTOSHUE, HAa KOTOPOM
MHTCHCUBHOCTb HEHUTPOHHOI'O IIydyKa YMEHBIIUTCS B JIBa pa3a 3a CYET KOHEYHOI'O BPEMEHU
JKU3HU HEUTPOHA.

2) Jlyymmmit B MHpe CTallMOHApHBIA peakTop B ['peHoONIe TeHepUpyeT HEWTPOHHBIA MOTOK
1.5-10% cm?c. Ynuras ckopocts HeHTpoHOB paBHOi 2200M/C , OLEHUTH MIIOTHOCTh HEHTPOHOB
U JIaBJI€HUE BO3]lyXa, KOTOpoe Oy/1eT OTBeUaTh TaKoil ke MIOTHOCTH.

3) IlnactuHka oOpa3la pacHojoXkeHa MEepIeHAUKYIIpHO MyuyKy HeWTpoHoB. Ilokaszats, 4To

ociabneHne mydka Oyzaer omuchiBatbes Gopmyinoi 1(z)=leexp (-uz), rae z — paccrosHue OT
MOBEPXHOCTH 00pasiia, L - TuHEeHHbIN KodhOUIIMEHT ocIabaeHus.

4) Nmeetcs nBa 3amemiutens HedTpoHoB: oauH npu 300K, Bropoii npu 30K. [lns kaxmoro u3
3aMeUTUTeNIell paccuuTaTh OTHOIIEHHE WHTEHCHBHOCTEH HEWTPOHHOTO TOTOKA [UIS JUIWHBI
BonHbl 4A 1 20A.

5) lnst ManoyrioBOro paccesiHusl Ha OJJHOPOIHON c(hepHUeCKOl YacTHIle MOoKa3aTh, 4To (Gopm-

3sinQR — QRcosQR
Q3R3

6) Jlns HeHATpOHOBOJA UMJIMHAPUYIECKOTO CEYEHHUS, M3TOTOBJIEHHOTO M3 Marephansa C

¢dakrop paBeH F 2 (0) =

KPUTUYECKUM YIJIOM CKOJIBKEHHS 7Yc, OLICHUTHh TEJIECHBIM yroy, B Ipeleraax KOTOpOro BcCe
HEUTPOHBI IPOUIYT YEPE3 HEUTPOHOBO/.



7) Tlokaszarh, 4TO JUIs MPSIMOrO HEWTPOHOBOAA MHOW L mpsMoyromsHOro cedeHus (axb)
MaKCUMaJIbHOE€  YUCIO  OTPaKCHUMM  HEUTPOHOB OT CTEHOK HEUTPOHOBOAA  PAaBHO

1 1
Nmax = 7c¢ ;"_Z L.

8) Omnpexnenute yroi paccessHusi 20 HEUTPOHOB SHEprueit 5 MdB OT nuposMTHYECKOro rpadura ¢
BEKTOPOM oOpaTtHoii pemerku 1.8734 AL,

9) Iloka3arh, YTO DHEpPreTUYecKas IUIOTHOCTh KOHEYHBIX COCTOSHHUM Ui HEHTPOHOB IOCIE
Vkfmn

2m2h2

10) JIns MayoyrioBOro paccesHusi paccuutaTb Oypbe-00pa3 ¥ MHTCHCUBHOCTh PACCESHUS IS
JIBYX TOUEYHBIX YaCTHUII, HAXOIAIIMXCS HA paccTOsHUM R apyr oT npyra

paccessHUS BhIpaxaeTcs: opMysoi

[lpumeps! OuneToB (3ajaHuid, TECTOB M Ap. MAaTEpUANIOB, HMCHOIB3YEMBIX JUIS IPOBEACHUS
QG GepeHIIMPOBAHHOTO 3a4Y€eTa):

Buier Ne 1
1. Ilorok HeWtpoHoB. Ceuenue paccesHusi. Ceuenue mnoriomenus. J(uddepennunanbaoe
ceyeHue paccesHusd. JBaxapl auddepeHnuanbHoe cedeHue paccesHus. OcnabneHue
HEHTPOHHOTO MyYKa 3a CYET PACCESHUSI U TIOTJIOIICHHS.

2. OcHOBHbIE TPUHIMIIEI HEHTpoHHOU peduexkromerpun. Koaddumment npernomieHus
HEHUTpOHHOI BoyHBI. KputHueckuil yron ckoibxenus. @opmyna Openens. OTpakeHue oT
TOHKOM TIJIEHKH Ha TJIAJIKON MOJIOKKE.

3. Bepwuiuessii ¢unaptp umeer I'TIY cTpykTypy c mnapamerpom sdeiiku a=2.274. om
HCIOJIb3YETCS JUIsl BBIBEJCHUS M3 Iy4yKa HEMTPOHOB C JUIMHOM BOJHBI MEHbILE HEKOTOPOM
KpuTHueckod 3a cueT dpdexToB audpaknuu. PaccuutaTe 3Ty JUIMHY BOJHBI H
COOTBETCTBYIOIYIO SHEPTHIO HEUTPOHOB.

Bujer Ne 2

1. HeiirponHsle aerekTopsl. ['a30Bble MponopuuoHanbHble cyeTdyuku. Koagduuuent razoBoro
yeunieHusi. CHUUHTWIIISLIUOHHBIE JETEKTOPbl. MOHUTOPHI My4Ka.

2. MasnoyrnoBoe paccesinue. CeueHue paccestHus OT HaHOPa3MEpHBIX 00beKTOB. CTPYKTYpPHBIi
¢dakTop. ManoyrioBoe mnpuOIMKeHHe. ManoyrioBoe paccesidHue OT HAHOYacTUI[ B
pactBope. @opm-dakTop TBepaor chepsl U Apyrux npocTbix ¢opM. IomuaucnepcHocTs.
Bsaumonononusemocts HeiiTpoHoB 1 CU. @opmyna [ebdas. [Ipubnmxenue ['nnbe.

3. Tlpeamonaraem, 9To HEUTPOHHBIN CEJICKTOP CKOpOCTel nMeeT IuHy 0.25 MeTpoB, YHCITO
MOTJIOLIAIOIINX TUIACTUH 68, yros pa3BopoTa IJIACTUH OT BXOJa JI0 BBIX0Ja COCTABIISIET
48.3°. PaccuntaTh CKOpPOCTH BpAIEHHs CEIEKTOPA ISl BBIACTEHUS U3 CIIEKTPa HEHTPOHOB C
amHOM BosHbBI 10A.

Buaer Ne 3

1. KBanTOBO-MeXaHHWYECKOE ONHCaHWE TMpolecca paccesHus. HadaabHOe U KOHEUYHBIE
cocrossHus. [ImoTHOCTE cocTossHMI. OCHOBHOE ypaBHEHME pacCesHUs. YIPYroe paccesHue
Ha OJTHOM U HECKOJIbKHX sifjpax. Heynpyroe paccesiHue HEMTPOHOB.

2. Ksasuynpyroe paccesnue HeiiTpoHoB. HempepbiBHas auddysus. Moaenb HpbIKKOBON
muddy3un. Mogenp BpamarenbHor auddy3un. CHeKTpoMeTpsl IS  HCCICIOBAHHS
nporieccoB nuddysuu.

3. Kakoii TommmHsl fomkeH 6bITh c10it 1°B, uTo6s! mornotutsh 99% Majaro-1ero mydka
TEMIOBBIX HelTpoHOB? CeueHue 3aXBaTa TEIIOBLIX HEHTPOHOB AapoM °B okoso 4000 x10°
24 cm?. TInoTHOCTH Gopa cocTapmsieT 2.4 r/cm>.



Bujer Ne 4

1. TlonHoe cedyeHHE paccesHUsT OT CUCTEMbI sJep. ODKCIEPUMEHTAIbHBIE COOOPaKEHHUS.
KorepentHoe ympyroe paccesHue oOT MHOrux saep. KBaHToBoe onucaHue ceyeHUs
paccesiHusL.

2. Tlomyuyenue, (opMupoBaHHE M JETEKTHPOBAHWE HEUTPOHHBIX MYy4KOB. KojummMmaTopsl.
HeittponoBoabl. Monoxpomaropsl. IlpepsiBaTenn mnydka M CEIEKTOPbl CKOPOCTEH.
[Monapusyromue ¢uiuptpsl. [lonspusyromue 3epkana. Ilonspusyromnme MOHOXPOMATOPHI.
Cnun-¢aunmnepsl. ['a30Bble U CHUHTUUISALUOHHBIE 1E€TEKTOPHI.

3. JlerekTop HeiitpoHOB Ha ocHOoBe He® mmeer TommmHy 1.5 cM. cedeHue 3aXBaTa HEHTPOHOB
aromamu He® s amuae! Bomae! Heiitponos 1.8 A pasno 5333-1024 cm? u muHe#HO pacTeT ¢
pocToM ANUHBI BOJHBI. PaccunTtaTh 3()()eKTUBHOCTH PEruCTpallii HEUHTPOHOB TAKHM
nerextopoM A aiauH BonH 0.9 u 1.8 A eciu naBnenue rasa B cueTdnke paBHO 4 aTM.

Buaer Ne 5

1. CgoiictBa He#TpoHna. Jlyanusm BonHa-yactuua. Mcrounuku HeWtpoHoB. HelTponsl ans
U3Y4YEHUsS] KOHJCHCHPOBAHHBIX Cpell. XapaKTEepUCTUKH HEUTPOHA KaK  YacCTHIIbL.
CooTHOIIEHUS MEXIY pa3IuYHbIMU KMHEMATUYECKUMHU XapaKTepUCTHKAaMH HEHTpOoHa Kak
yacTULIbl M Kak BOJHBL [lomyueHue HEHTpoHOB. THUIBI HCCIENOBATENbCKUX HCTOYHUKOB
HEHUTPOHOB. 3aMenjIeHue HEUTPOHOB. CHEKTpPalbHOE pacHpelesIeHue 3aMeJIEHHBIX
HeiTpoHOB. OCOOEHHOCTH CBOMCTB HEWTPOHOB JUISl U3YUEHUsI CBOMCTB KOHJAEHCUPOBAHHBIX
cpen.

2. HeiitponHoe cnuHOBoe 5X0. O¢dekT crnuHoBOro sxa. CIHHOBOE 3X0 NpU HEYNpPyrom
paccestHuu. CIMH-9X0 CIEKTPOMETP.

3. Hwmeercs HeiTtpoHOBOA MMHOW 20 METPOB, OKPHITHE HUKEIEM, m=1, cedeHHEM 50x50mMm?,
KOTOpoe ocBemaerca 3ameamureneM d’=150x150Mm?, pacrmonoKeHHBIM Ha PacCTOSHUK L=
1.5M. CpaBHUTH HEHTPOHHBIA MOTOK HA BBIXOJE HEUTPOHOBOJA JJIsi HEUTPOHOB C JIMHOMN
BONHBI 4A ¢ aHanoOrMuHBIM MO TEOMETPUYECKMM IapaMeTpaM KOJLIMMATOPOM, CTEHKH
KOTOPOTO MOJIHOCTBIO NOIIOUIAI0T HEUTPOHBI.

4. Kputepuu oueHUBaHUS

Onenka basibt Kpurepun

10 BricraBnsercss  CTyleHTy, IOKa3aBLIEMY
BCECTOPOHHHE, CHUCTEMATHU3UPOBAHHBIC, TITYOOKHE
3HaHHUA Y4eOHOM TporpaMMbl  JUCHHUIUIHHBI,
MPOSIBIISIIOIIEMY HHTEpPEC K JTaHHOW MpPEeIMETHOU
obnmacTv,  TPOJAEMOHCTPUPOBABIIEMY  YMEHHUE
YBEPEHHO UM TBOPYECKH NPUMEHITh HX Ha
MPAaKTUKE NpPU PELIEHUH KOHKPETHBIX 3ajady,

OTJINYHO
CcBOOOJHOE U MPAaBUIbHOE 0OOCHOBAHUE MPUHATHIX
pELICHU.
9 BeIcTaBnsgercs  CTyA€HTY, IMOKa3aBIIEMY

BCECTOPOHHME, CHCTEMaTH3UpPOBAaHHbIE, IIIyOOKHE
3HaHHUA Y4eOHOW MpPOrpaMMbl JUCHUIUIMHBI U
YMEHUE YBEPEHHO IIPUMEHATh UX HA MPAKTUKE IIpU
pelIeHnH KOHKPETHBIX 3aJay, CBOOOJHOE U




paBUIbHOE 0OOCHOBAHUE MPUHATHIX PEIICHUI.

BricTaBnsercss  CTyACHTY, IIOKa3aBIIEMY
BCECTOPOHHME, CHCTEMATU3UPOBAHHBIE, TITyOOKHE
3HaHUS Y4eOHOH MporpaMMmbl JUCUUIUIMHBL U
YMEHME YBEPEHHO NIPUMEHSATh UX HA MPAKTUKE IPU
pEIIEHUM  KOHKPETHBIX  3ajad, IpaBUIBHOE
000CHOBAaHHE MPHUHSTHIX PELICHUN, C HEKOTOPHIMHU
HEIO0YETAMH.

XOpOIIIO

BricTaBnsieTcss CTyZlE€HTy, €cilud OH TBEPJO
3HaeT Marepuall, TIpPaMOTHO U IO CYILECTBY
U3JIaraeT €ro, yMEeT IPHUMEHATH IO0JIy4EHHbIE
3HAHUA HA MPAKTUKE, HO HEJOCTaTOYHO I'PAaMOTHO
000CHOBBIBAET MOJIYYEHHBIE PE3YIIbTATHI.

BeicraBisiercss CTyIEHTy, €ClIM OH TBEpHO
3HaeT Marepuall, TIpPaMOTHO M IO CYILIECTBY
u3jgaraeT €ero, yMeeT IPUMEHSTh I0JyYeHHbIE
3HAHUA Ha IPAKTHKE, HO JOMYCKAeT B OTBETE WM B
pELICHUH 33]]a4 HEKOTOpble HETOUHOCTH.

BricraBnsercs CTYACHTY, €ClIn OH B
OCHOBHOM 3HACT Marcepuaj, I'paMOTHO n II0
CymeCTBy wusjaract €ro, YyMecT JMPUMCHATH
MOJIYYCHHBIC 3HAHUWA HA IIPAKTUKE, HO JOITYCKACT B
OTBCTC WJIM B PCIICHHMM 3aJa4d JOCTAaTOYHO
00JIBIIIOE KOJTMYECTBO HETOYHOCTEN.

YIOBJIETBOPUTEIHHO

BricTaBnsiercs  CTyAeHTY, IOKa3aBLIEMY
dbparMeHTapHBIH, pa3po3HEHHbIN XapakTep
3HAHUH, HEJ0CTaTOYHO IPABUJIbHbIE
dbopMynupoBKH 0a30BBIX MOHATHH, HaPYIICHUS
JIOTUYECKON IIOCIIEI0BAaTENbHOCTH B H3JI0KEHUU
IIPOrPaMMHOI0 MaTepuajga, HO IIpH O3TOM OH
OCBOWJI OCHOBHBIE pa3zieibl y4eOHON MpOrpammbl,
HeoOXoAuMBble JUIsl JaibHelmero oOydeHHs, |
MOKET MPHUMEHSTh TOJY4YEHHbIE 3HAHUA T10
00pa3ily B CTaHAApPTHOM CUTYaIUH.

BricTaBisieTcss  CTyAEHTY, IOKa3aBLIEMY
(dbparMeHTapHBbIH, pa3pO3HEHHBIN Xapakrep
3HAHUH, JIOITYCKAIOLIEMY OLIMOKH B
dbopMynupoBkax ©0a30BbIX MOHATHUN, HapYLICHUS
JIOTUYECKON TIOCIEN0BAaTENBHOCTH B H3JI0KEHUU
IPOrpaMMHOr0  Marepuana, ciabo  BiajgeeT
OCHOBHBIMHM ~pa3JiellaMd  y4eOHOH mporpammsl,
HEOOXOIUMBIMH IS JTaJbHEHIIIEro O0y4YeHUsI U ¢
TPYAOM IPHUMEHSET IMOIY4YECHHBIE 3HAHMS JaXKE B
CTaHJAPTHOW CUTYyAaIlUH.

HEYAOBJICTBOPUTEIILHO

BricTaBnsieTcs CTyAE€HTY, KOTOPBIM HE 3HAET
OoJbIlIell 4acTH OCHOBHOI'O COJEp>KaHUS y4eOHOI
IporpaMMbl  TUCHMIUIMHBI, JONYCKaeT TIpyOble
omunOKy B GOPMYIUPOBKAX OCHOBHBIX IMPUHIIUIIOB
U HE yMEET MCIOJIb30BaTh IOJIYUYECHHBIE 3HAHUS
IIPU PEIICHNUU TUIOBBIX 3a/1a4.




1 BeicTaBisieTcs CTyIEeHTY, KOTOPBI HE 3HAET
OCHOBHOT'O COZIEp’KaHUsl y4yeOHOHl Iporpammbl
JUCLUIUIMHBL, JIOIyCKaeT TrpyoOeiimue omuOKd B
(dbopMynHupoBKax 0a30BbIX NOHATHH TUCLMILIMHBI U
BOOOIlE HE WMEET HAaBBIKOB PEIICHUS THIIOBBIX
IIPAKTUYECKUX 3a7ad.

5. MeToauyeckune MaTepuaJbl, ONpeaesiioue Npoueaypbl OlleHHBAHUS 3HAHUIN, YMeHMH,
HABBIKOB M (MJIM) ONbITA J€ATEJIbHOCTH

s yerHoro auddepeHunpoBaHHOrO 3a4eTa:

[Tpu npoBeaeHun yctHOTO U (HEepeHIIUPOBAHHOTO 3a4eTa 00yJaromeMycs Mpe0CTaBIsueTCs He
MeHee 30 MUHYT Ha MOAroToBKY. Ompoc oOyuwaromierocsi mo OWUJIETYy Ha YCTHOM JK3aMEHE He
JIOJIKEH MPEBBIILIATH OJJHOTO aCTPOHOMHMUYECKOT'0 Yaca.

Bo Bpems mpoBenenust audQepeHIUpPOBaHHOTO 3adeTa OO0yYaroIIHuecsi MOTYT I0JIb30BaThCs
IpOrpaMMOM TUCIMIUIMHBL, @ TAK)KE KOHCIEKTaMM JIEKIHH.




