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1 Hesn v 3a1a4M U3yYeHUS TUCHUTLIHAHBI (MOYJIA)

1.1 Ileab ocBOeHUN TUCUHUILIUHBI

JucuuiuinHa «ATOMHas (QHU3UKa» BXOAUT B OJIOK €CTECTBEHHO-HAYYHBIX JUCIMILIHH,
IpeJHAa3HAYEHHBIX [UI1 (OPMHUPOBAHUS y YYallUXCsl €CTECTBEHHO-HAYyYHOI'O MUPOBO33pEHUS U
TBEP/BIX 3HAHUN O MPOLECCaX U SABICHUSAX, CBI3aHHBIX C (PU3NUECKUMU CBOWCTBAMH MUKPOMUPA
Y KBAaHTOBBIMH SIBJICHUSMHU Ha aTOMHO-MOJIEKYJIIPHOM YPOBHE, HEOOXOUMBIX 11 HOHUMaHUS U
UCTIONIb30BaHUSI B WH)XCHEPHO-TEXHUYECKHX pPa3paboTKax. AKTyalbHOCTh JAMCHUIUINHBI
«AToMHas (u3Mka» 00ycCIOBIE€HA IPUMEHEHUEM 3HAHUN, YMEHUN U HABBIKOB, IOJIyYE€HHBIX B
nporecce ee M3y4eHHs, Uil W3YYeHUS AUCHUIUIMH U3 APYTruX OJOKOB M YCHEIIHOTO OCBOEHUS
CHELUAIbHOCTHU B LIEJIOM.

VYueOHas mucuuiuiiHa «ATOMHas (U3MKa» CTaBUT CBOEH HETbI0 M3yueHHE (U3HMYECKUX
CBOMCTB MUKPOMHPA U KBAHTOBBIX SIBJICHUI HA aTOMHO-MOJIEKYJIIPHOM YPOBHE.

VYuebHas nucuMivinHa «SlnepHas ¢usmka» BXOAMT B OJIOK €CTECTBEHHO-HAYYHBIX
JTUCLUIUIMH, IpeJHa3HAuYeHHBIX U1 (OPMHPOBAHUSA Y YYallUXCAd €CTECTBEHHO-HAYYHOT'O
MHUPOBO3PEHHS O TMPOLIECCaX U SIBICHUIX, CBSI3aHHBIX C (PU3NIECKUMHU CBOHCTBAMHU MUKPOMHUpA U
KBAaHTOBBIMM SIBJICHUSIMHU Ha YPOBHSX aTOMApHOM U cy0aTOMapHON CTPYKTYphI BEILIECTBA, a TAKKE
AIIEMEHTAPHBIX YacTUI. AKTYaJIbHOCTh JUCHUIUIMHBI «SlnepHas ¢usuka» o00ycioBieHa
IPUMEHEHNEM 3HAaHUH, YMEHUI U HaBBIKOB, ITOJIyYE€HHBIX B IPOLIECCE €€ N3YyUEHUs], AJIs U3YUYEHUS
JUCLHUIUIMH U3 IPYTHX OJOKOB M YCIIEITHOTO OCBOCHUS CIIEHUAIBHOCTH B LIEJIOM.

VYuebHas nucuuIviMHA «SlnepHas Qu3Mka» CTaBUT CBOEH Liebi0 M3yueHHE (PU3MUECKUX
CBOWCTB MUKPOMHUPA M KBAaHTOBBIX SIBJICHUI Ha YPOBHIX CyOaTOMapHOM CTPYKTYpHI BEIIECTBA U
3JIEMEHTAPHBIX YACTHLI.

1.2 3agaun AUCHUIIIMHBI

OcHoBHbIE 337]a41 OCBOCHUS JUCHUILINHBI «ATOMHAsT GUBHUKAN:

— U3YYHUTh IKCIIEPUMEHTAILHBIC METO/IbI UCCIICIOBAaHUSI BHYTPEHHETO CTPOCHUS aTOMOB;

— paccMoTpeTh ¢usnueckue AGGEKThl U SBICHUSA, OOYCIOBICHHBIE, B OCHOBHOM,
JJIEKTPOHHBIMU 000JIOUKaMH aTOMOB U MOJIEKYJT,

— YCBOUTH OCHOBHBIE TIOHSATHUS BOTHOBOM MEXaHUKH U OCOOCHHOCTH MOAX0/1a K U3YUCHHUIO
Y OTIMCAHUIO ATOMHBIX SBJIICHHM.

Bocnurarensnass  3amava  3akimoyaeTcss B (opMHpoOBaHMM Yy CTYACHTOB
po(heCcCHOHAILHOTO OTHOIICHUS K MPOBEACHUIO HAYyUHO-HCCIEA0BATENbCKUX M IMPHUKIATIHBIX
paboT, B pa3BUTUU TBOPUYECKOM MHUIIUATHBBI U CAMOCTOSITEIbHOCTH MBIIIUICHHUS.

B pacmupeHHslit cicok 001uUX 3a/1a4 IUCUUIUIMHBI BXOAST CIEAYIOUINE 3a1a4u:

— 0006WUMb U CUCMEMAMU3UPOBAMb 3HAHUSL NO:

— COBpPEMEHHBIM MpEACTaBICHUSIM 00 aTOMHO-MOJIEKYJISIPHOM CTPOCHUU
BEILLECTBA, JKCIEPUMEHTAJIbHBIM M TEOPETUYECKHUM METOJaM HCCIIeIOBAHUSA
BHYTPEHHEI0 CTPOEHMSI aTOMOB U MOJIEKYT;

— OCHOBHBIM 3aKOHAM, UCSIM W MPHUHIMIIAM aTOMHON (U3UKH; PU3NIECKUM
s dexraM u sBICHUSIM, 00YCIOBICHHBIM, B OCHOBHOM, AJICKTPOHHBIMU 000JIOYKAMHU
aTOMOB U MOJIEKYJI,;

— HAy4umo.:

— C Hay4YHOM TOYKU 3PEHHUS] OCMBICIUBATh U MHTEPHPETUPOBATH OCHOBHBIC
TTOJIOKEHUSI AaTOMHBIX U MOJICKYJIIPHBIX SIBIICHUIA;

— TMPUMEHATHb TMOJYYEHHbIE 3HAHMUS U1 MPABUIBHOM HWHTEPHpPETALUU
OCHOBHBIX SIBJIEHUI aTOMHON (DU3HKY;

— HaANIeKAIUM 00pa30M OIICHUBATh MOPSIKHA (PU3NUIECKUX BEIHUNH;

— HCIOJIb30BaTh MOJyUYEHHBIE 3HAHUS B PAa3IMYHBIX 00JacTiIX (hU3HUecKoi
HayKU U TEXHUKU;

— HacTpaumBaTh M OJKCIUIyaTHPOBATh SKCIEPUMEHTAIBbHBIC NPUOOPHI IS
MCCJIE0BAHMS BHYTPEHHETO CTPOEHUSI AaTOMOB;



— TPUMEHSTh HMMEIOIIUECS TEOPETHUECKUE 3HAHHS JUISI TPOBEICHHS |
HCTOJIKOBAHUS SKCIIEPUMEHTOB;

— cghopmuposamy:

— HaBbIKM NPUMCHEHHS OCHOBHBIX METOJIOB (PH3MKO-MATEMATHUECKOTO
aHaJM3a JUTsl PeICHUs KOHKPETHBIX 3a/1a4 (PU3UKH aTOMOB U MOJICKYT;

— HaBBIKU (PH3UKO-MATEMaTHYECKOTO MOJICITMPOBAHUS;

— YMEHHE C TIOMOIIBIO aJCKBATHBIX METOJOB OIICHUBAaTh TOYHOCTh H
MOTPEIIHOCTh TEOPETUUECKUX PACUETOB U IKCIIEPUMEHTAIBHBIX N3MEPEHUH;

— HaBBIKH TPABWIIBHOW 3KCILTyaTallMd OCHOBHBIX IPUOOPOB M 000PYAOBAHHUSI
COBPEMEHHOM (hr3nYecKoi 1abopaTopuH;

— HaBBIKK 00paOOTKU M HHTEPIPETHPOBAHUS PE3YJIbTATOB IKCIICPUMEHTA,;

— YMEHHE aHAJTU3UPOBATh (PU3MYECKHI CMBICI MTOJTYYSHHBIX PE3yJIbTaTOB.

OCHOBHBIE 337]a4¥ OCBOCHUS TUCIUILTHHBI «SnepHas pu3ukay:

— W3y4YEHHUE JKCIEPUMEHTAIBHBIX U TEOPETUYECKHX OCHOB (DM3MKHM aTOMHOTO siapa U
AJIEMEHTAPHBIX YaCTHUI[ U PACCMOTPEHUE SKCIICPUMEHTAIBHBIX MPHUHIUIOB (U3UKHA BBICOKHX
DHEPIUK;

— YCBOCHHE OCHOBHBIX MOHATUH (M3WKH aTOMHOTO sijipa W DJIEMEHTAPHBIX YACTHII,
(yHIaMEHTAIIbHBIX  B3aUMOCWCTBUI MEXAy YacTHLAMH MHKPOMHpPA, Kiaccu(uKauu
9JIEMEHTAPHBIX YaCTHUI] B PAMKaX MPUHSITHIX B SACPHON (PH3UKE MOJICICH.

BocrnuratenpHast ~ 3amava  3akio4yaercss B ()OPMHPOBAHMM Yy CTYICHTOB
npOPECCHOHATIPHOTO OTHOIIEHHS K MPOBEICHHIO HAYYHO-HCCIICIOBATEIBCKUX W TMPHUKIIAIHBIX
paboT, B pa3BUTUHU TBOPUYECKONW MHULIUATUBEI U CAMOCTOSATEIIbHOCTH MBIIIIJICHHUS.

B pacuipeHHbIi clTUCOK 00X 33124 TUCIUILTHHBI BXOST CIICIYIOIIUE 3a/1a4H:

— 0000WUMb U CUCMEMAMUZUPOBATNb 3HAHUS NO:

— COBPEMEHHBIM MPEICTaBICHUAM 00 aTOMHOM W Cy0aTOMHOM CTPOCHHH
BEILIECTBA, O CBOMCTBAX M CTPYKTYPE aTOMHBIX SIIEP M AJIEMEHTapHBIX YaCTHII;

— OCHOBHBIM 3aKOHAM, HJESIM M MPHHIMINAM (U3UKH aTOMHOTO sijpa |
AIIEMEHTAPHBIX YaCTHII,

— Hayuums.:

— 9KCIIEPUMEHTAIILHBIM U TEOPETHYECKUM OCHOBAM (PM3HKH aTOMHOTO Spa U
3IIEMEHTAPHBIX YACTHII, IKCIIEPUMECHTAILHBIM MPUHIIUIIAM (DU3UKHU BBICOKHUX SHEPIHH;

— OCHOBHBIM TIOHSTHSM W TPUHOUNAM (U3UKK aTOMHOTO sapa |
DIIEMEHTAPHBIX YacTHI, (YHIAMEHTAIBHBIX B3aUMOICHCTBUI MEXKIy 4YacTUIAMH
MHUKpPOMUPA, KJIaCCU(UKAIINU 3JIEMEHTAPHBIX YaCTHUIl B PAMKaX NPUHSTHIX B SJCPHOM
busuKe MojeIei;

— C HAYYHOW TOYKH 3PEHHUSI OCMBICIMBATH M HWHTEPIPETUPOBATH OCHOBHBIC
MOJIOKECHHS CyOaTOMHBIX SIBIICHHIA;

— MpPUMEHATh TMOJYYEHHbIE 3HAHMS JUIS TIPAaBHIBHOM HWHTEPIpPETaLUH
OCHOBHBIX SIBJICHUI (DU3UKH pa U DJICMEHTAPHBIX YaCTHII;

— Ha/JIe)KaIM 00pa3oM OLIEHUBATH MOPSAKHA (PU3MUECKUX BEITHYHH;

— WCIIOJIB30BaTh TOJIyYCHHBIC 3HAHHS B PA3IMYHBIX O0JACTAX (U3UIECKOM
HAaYKU U TeXHHUKH;

— cghopmuposamy:

— HaBBIKM NPUMEHEHHS OCHOBHBIX METOJOB (PH3MKO-MATEMATHUYECKOTO
aHanmM3a Ui PEIICHWs KOHKPETHBIX 3a1ady (U3WKM aTtoMa, aTOMHBIX Sep H
AIIEMEHTAPHBIX YaCTHII;

— HaBBIKU (PH3UKO-MATEMaTHIECKOTO MOJICITMPOBAHUS;

— YMEHHE C TIOMOIIBIO aJIeKBaTHBIX METOJOB OIIEHMBATH TOYHOCTH H
MOTPEIIHOCTh TEOPETUIECKUX PACUETOB U IKCIIEPUMEHTAIFHBIX N3MEPECHUH;

— YMEHHUE aHAJM3UPOBATh (PU3NUECKUI CMBICI ITOJTYYCHHBIX PE3YJIbTATOB.



1.3 MecTo qucuunInHbl (MOIyJisl) B CTPYKTYpe 00pa3oBaTeibHOI MPOrpaMMbl

Hucuumuimna b1.0.14.06 «AtomHast u snaepHas Qu3HKa» OTHOCHUTCS K 00sS3aTeNbHOU
yactu broka 1 «lucuurianasl (Moaymu)» yueOHoro miaHa. B coorBeTcTBuM ¢ paboynM yueOHbIM
IUITAHOM JMCUUIUIMHA M3y4aeTcss Ha 3 Kypce B 5 cemecTpe Mo ouHOW (opme oOyuenus. Bun
IIPOMEKYTOUYHOM aTTECTALMU: IK3aMEH.

JlucuMiimHa JIOTUYECKM U COJEP’KATEIbHO-METOAMYECKHM CBsi3aHa C JUCUUIUIMHAMU
obsi3aTenpbHOM Yactu bioka 1 «Maremarnueckuii aHanmsy, «Pusnkay, «O0mmi Gusndeckui
MpPaKTUKYM» M JUCHUIUIMH BapuaTuBHOU yactu bioka 1. [ ocBoeHMsI JaHHOW JUCLMILIMHBI
HEOOXOJUMO BJIAJE€Th METOJAMHM MaTeMAaTUYECKOTO aHaliu3a, aHAIUTUYECKOW TeOMETpuH,
JMHEHHOU anreOphl, pelieHHeM anreOpandeckux U AudQepeHIHnanbHbIX YpaBHEHUH; TeOpUn
GYHKIMI KOMIIEKCHOTO IMEPEMEHHOr0, TEOPHUH BEPOSITHOCTEH M MaTeMaTU4YE€CKOW CTaTUCTUKH;
3HATh OCHOBHBIE (PU3NYECKUE 3aKOHBI; YMETh IPUMEHATH MaTEMAaTHUYECKHE METOBI U (PU3NYECKHE
3aKOHBI JUISl pELIEHUs TPAKTUYECKUX 3a/1a4.

B pesynbpraTe n3yueHHs HACTOALIEH JUCLMIUIMHBI CTYAEHTHI JOJKHBI MOJIYYUTh 3HAHUS,
UMEIOIIIE HE TOJIBKO CaMOCTOATENbHOE 3HaUEHHNE, HO U o0ecrieunBaromye 6a30Byr0 MOArOTOBKY
JUIS yCBOSHHSI TUCHMIUIMH 0a30BOi M BapuaTUBHOU vacTeil Omoka 1 «/ucuuminsabl (MOTyTN )»
y4eOHOTO IJIaHa.

1.4 IlepeyeHb IJIAHMPYEMBIX Pe3yJbTATOB O00y4YeHHsI MO JMCHUILIMHE (MOIYJIIO),
COOTHECEHHBIX C IVIAHUPYEMbIMH Pe3yJIbTATAMHU OCBOEHHs 00Pa30BaTEIbHOM IPOrpaMMBbI

N3yyenne naHHOW y4yeOHOW [AMCUMIUIMHBI HAmpaBieHO Ha (QOpMUPOBAHUE Y
00y4aromuxcs CAeAyOMUX KOMIIETEHIUI:

KOH 1 HAUMCHOBAHUEC MHAUKATOPA JOCTUIKCHHUA

Pe3yJ’IBTaTBI O6y‘I€HI/IH IO JUCIUILIINHE
KOMIICTCHIINH

OIIK-1 Cnoco0eH NpuMeHATH 0a30Bble 3HAHUS

B 00J1acTH (l)l/l3I/IKI/l H pazmoq)mwnm H UCIIOJB30BaATh UX B

npogecCHOHATBHOM JeATeJIbHOCTH, B TOM YHcJIe B chepe Meaarornyeckoi 1eaTeJbHOCTH

HOIIK-1.1 [lonumaer  Teopernueckue U
METO/OJIOTHYEeCKMEe  OCHOBaHWS  W30paHHOMN
oOmacTy GU3UKU U PAIHOPHU3NKU

NOIIK-1.2 TloHnmaer akTyajbHBIE MPOOJIEMBI U
TEHJICHIIMH PA3BUTHS COOTBETCTBYIOIICH HAyYHON
obmacth wm  obmacTm  TpodecCHOHATBHOMN
JIeSITENbHOCTH

B pesynbrate oOyueHHsi MO0 AMCHUIUTUHBI OOy4aroliuecs
JIOJDKHBI 3HATh:

— COBpPEMEHHBIE MpEACTaBlIeHUs] 00 aTOMHOM CTPOCHUH
BEIIECTBA, OCHOBHBIE 3aKOHBI, HJI€U U MPUHIUIBI aTOMHOMN
(U3UKYA, WX CTaHOBICHWE W PAa3BUTHE B HMCTOPHYECKOU
IIOCJIEJOBATEIPHOCTH, HX MaTeMaTHYECKOe OIIHCaHue,
TEOPETUYECKOE HCCIIEN0BaHUE u IIPaKTUYECKOE
HCIIOJIb30BAHHUE;

COBPEMEHHBIE ~ METOABl  (DPU3MKO-MATEMATHYECKOTO
MOJIEITMPOBAaHNS U TEOPETHYECKOTO HCCIEIOBAaHMS SIBICHUI
($u3MKH aTOMa, METO/Ibl HAOIIOIEHNS] aTOMHBIX SBJICHUH, NX

SKCIEpUMEHTAIbHOE  HCCIIEOBAaHME M  IpaKTH4YecKoe
UCTIOJIb30BAHUE;

—  TPUHLOUIBI  YCTpOHCTBA ¥ (PYHKIMOHUPOBAHUS
OKCIIEPUMEHTANIBHBIX ~ NPUOOPOB U UCCIIEOBaHMS

BHYTPEHHETO CTPOEHUSI aTOMOB;
— COBpEMEHHBIE TPEJCTABICHHUS O CBOWCTBAX M CTPYKType
ATOMHBIX f1ep, OCHOBHBIE 3aKOHBI, WAEH W TIPHHIIMIIBI
(GU3UKY sApa U IEMEHTapHBIX YacTUI] B UX HCTOPHIECKOM

CTaHOBJIEHUU u pa3BUTHH, METOJbI ¢usnxo-
MAaTe€MaTU4EeCKOrO0  MOJEIUPOBAaHUSA U  TEOPETUYECKOIO
UCCIICIOBAaHMs  SIBJICHMH (U3MKH aTOMHOTO sapa W

3JIEMEHTAPHBIX YaCTHII;
— OKCIEPUMEHTANbHBIE METO/IbI U3YUEHUS AICPHBIX PEaKIIHiA,
NPUHLUMBL YCKOPEHUsI AJIEMEHTApHBIX YacTHIl U  sJep,
¢dusnyeckne MIPUHIUIIBI paboThI ycKopHTenen
9JIEMEHTAPHBIX YacTHIl U UX KIaCCH()UKAIINIO;
MIPAaKTHYECKHE METOABl  PETHUCTpPAINH
3apsDKEHHBIX YaCTHI;

NPUHONOBL  YCTPOHWCTBAa W (YHKIMOHHPOBAHUS

n  aHajJIu3a

9KCIEPUMEHTATBHBIX IPHOOPOB KaK JUISI HCCIICTOBAHISI AP




Kon n nanmeHnoBanue WHOWKaTOpa JOCTUKCHUA
KOMIICTCHII U

Pe3ynbraThl 00y4YeHUS 10 TUCIUILIHHE

1 DJICMCHTAPHBIX YaCTUL], TaK U IJISI pETUCTPAlMU U aHAJIN3a
3apSAKCHHBIX YdaCTHII.

B pesymbrare oOydueHHS 1O AUCHUIDIAHBI OOYyYaroIInecs
JIOJDKHBI YMETb:

— ¢ HayyHOM TOYKH 3pPEHHS  OCMBICIMBATE W
HHTEPIPETHPOBAT ~ OCHOBHBIC  ITOJIOKCHHS ~ ATOMHBIX
SIBJICHUH, OIICHWBATh TIOPSAKA (PU3HUCCKAX BEIHUMH,
HCITOJIb30BATh TTOMYUICHHBIE 3HAHUS B Pa3sIMIHBIX 0071acTsX
(bU3MUECKOiT HAYKU U TEXHUKHY;

— B HpaKTH‘IeCKOﬁ ACATCIBHOCTH MNPUMCHATH 3HAHUA O
(bu3nUecKUX CBOWCTBaX OOBEKTOB U SBICHUH [UIS CO3MAHUS
THIOTE3 M TEOPETHYCCKHX MOJENEH, MPOBOMUTH aHATIH3
TPaHUILl UX TPHMEHUMOCTH;

— TPUMEHATH COOTBETCTBYIOIIHE METOABI TIPOBEIECHHS
(U3HIECKHUX UCCIIEIOBAHNH U H3MEPEHMIA;

— MPUMEHATH OCHOBHBIE METOJBI (PU3MKO-MATEMATHIECKOTO
aHanm3a ISl PEIICHHS eCTECTBCHHOHAYYHBIX 3a/1ad |
(GU3HYIECKOTO  MOJCIUPOBAHUS B HPOU3BOJCTBEHHOMN
TIPaKTHKE;

— HPUMEHATH HMCIOMIUECA TCOPECTUUYCCKUE 3HaHUA Jid
MPOBCACHUA U UCTOJIKOBAHUA SKCIICPUMEHTOB,

— HacTpauBaTb M OKCIIYaTUPOBATH OJOKCIICPUMCHTAJILHBIC
npubOpbl A HMCCICIOBAHUS BHYTPEHHETO CTPOCHHS
aTOMOB;

— TPHUMEHSTh HUMEIOIHECS TEOPETUYSCKUE 3HAHMS s
TIPOBEJICHUS U HCTOJIKOBAHUS SKCIIEPHUMEHTOR;

— C TIOMOIIBIO aJIEKBATHBIX METOJIOB OIEHHBATH TOYHOCTH M
TOTPEIIHOCTE TEOPETHYECKUX PAaCUETOB W H3MEPEHHH,
AHANIN3UPOBATh  (DU3MYCCKUM  CMBICT  TIOMYYEHHBIX
PpE3yIbTATOB;

— TNPUMEHATL TIOJYYCHHBIC 3HaHUA JId HpaBHJ’IBHOﬁ
WHTEPIIPETAllM OCHOBHBIX SBICHUI (u3uKK siapa H
OJICMCHTAPHBIX YaCTUIl U Haﬂnemameﬁ OLICHKU TOPAIKOB
(bHU3UYECKHUX BEITHYNH;

— TMpPUMEHATh COOTBETCTBYIOIIUE METOMABI TMPOBEICHHS
(bHU3UYECKHUX UCCIIeIOBAHUIT U H3MEPEHHH;

— MPUMEHATH OCHOBHBIE METOJBI (PU3MKO-MAaTEMATHIECKOTO
aHanm3a IS PEIICHHS eCTECTBEHHOHAYYHBIX 3a/1au |
(GU3HYECKOTO  MOJEIUPOBAHUS B TPOU3BOJICTBEHHOMN
TIPaKTHKE;

— MPUMEHSTH TOJYYCHHBIC TEOPETHUCCKUE 3HAHHS IS
perreHus KOHKPETHBIX  TIPUKJIAIHBIX 3amad B
npodheCCHOHATBLHON 00JIaCTH;

— C IIOMOUIBKO aZACKBATHBIX METOJOB OLUCHHWBATh TOYHOCTH U
MOTPEIIHOCTh TEOPETUIECKHX pacueToB "
9KCTIEPHUMEHTABHBIX H3MEpEHHH, AHATU3UPOBATh
(bHU3MYECKHI CMBICT IOJYYCHHBIX PE3yJIbTATOB.

B pesynprate 0oOydeHHsi 0 JMCHUIUTMHBI OOYydaroIuecs
JIOJIKHBI BIIAJIE€Th:

— METOJaMHM IIPOBENCHUS (U3MUCCKUX HCCIECAOBAaHUN |
HU3MEpPEHUH;

— HaBBIKAMHM TIPUMECHEHHS OCHOBHBIX METOMOB (DH3HKO-
MaTeMaTH4eCcKOro aHanM3a TSt pemieHus
€CTECTBEHHOHAYYHBIX 3a/1a4;

— HaBbIKAMHU 00OPa0OTKH U MHTEPIPETUPOBAHUS PE3YJILTATOB
(U3MKO-MaTEMaTHIECKOTO MO/JICJINPOBAHMUS,
TEOPETHUECKOI0  pacueTa M 3KCIEPHMEHTaIbHOIO
HCCIIeIOBaHUS,




KOMIICTCHII U

Kon n nanmeHnoBanue WHOWKaTOpa JOCTUKCHUA

Pe3ynbraThl 00y4YeHUS 10 TUCIUILIHHE

— HaBBIKAMHM TIPaBWJIBHOW OKCIUTyaTallud OCHOBHBIX
mpuOOpoB M 00OpYyIOBaHUS COBPEMEHHOH (u3muecKon
nmabopaTopuu;

— HaBBIKAMH 00PaOOTKH ¥ HHTEPIPETHPOBAHUS PE3yIbTATOB
IKCIICPHMEHTa;

— HaBBIKAMH NPHMEHEHHS IIOJNyYEeHHBIX TEOPETHYECKUX
3HAHUH JUTA peIeHNs IPUKIaIHBIX 3a/1ay;

— MeToJaMH IpOBeJeHUs] (U3IMUECKHX HCCIEAOBAHUI |

HU3MEPEHUH;
— HaBBIKAMH TIPUMEHEHHS OCHOBHBIX METOJOB (HDH3HKO-
MaTeMaTU4eCKOro aHau3a JUIsL peuieHus

€CTeCTBEHHOHAYYHBIX 33/a4;
— HaBBIKaMHU 00pa0OTKH W MHTEPIPETUPOBAHUS PE3YIITATOB

(I)I/IBI/IKO-MaTGMaTI/I‘ICCKOFO MOACINPOBaHUA,
TEOPETUICCKOT'O pacyera u OKCIICPUMCHTAJIBHOT' O
HUCCIICaOBaHUA,

— HaBbIKAMH NPUMEHEHHUS TIONyYeHHBIX TEOPETHIECKUX
3HAHMH JUIS PEIICHUs IPUKJIATHBIX 3a1a4.

PesynbraTel 00yueHHUs MO TUCHMIUIMHE JOCTUTAIOTCS B paMKaxX OCYLIECTBICHMS BCEX
BUJIOB KOHTAaKTHOW M CAMOCTOSITENIbHOM pabOThI 00y4aroIIUXCsl B COOTBETCTBUU C YTBEPKACHHBIM

y4eOHBIM IJIAHOM.
Nuaukaropel

JOCTHIXCHUA

KOMIIETEHIIUN

cuUMTaloTCd  CPOPMHUPOBAHHBIMU  IPU

AOCTUIKCHUHN COOTBCTCTBYIOIIUX UM PE3YJILTATOB 06yquI/1;1.

2. CTpyKTypa H coaep:KaHue JHCHUAIITHHBI

2.1 Pacnipenesienue TPyI10éMKOCTH JUCHUIIMHBI 10 BUIaM padoT

OO0mast Tpy10EMKOCTb AUCLUILIUHBI COCTaBIAeT S 3a4deTHBIX eAuHuIb! (180 wyacos),
UX pacnpe/ielieHue 1o BUJaM padoT NpeICTaBICHO B Ta0IHIIE

Bunsr pabot Bcero ®dopma oOydeHus
4acoB OYHO- 3a049Has
oHHas 3a04Hast
5
CeMecTp
("ackr)
KonrakTHas padoTa, B TOM 4ncJe:
AynuTOpHBIE 3aHATHS (BCEro): 109,3 109,3
3aHSTHsL JEKIIMOHHOIO TUIA 34 34
n1a00paToOpHbIE 3aHATHUS - -
MIPAKTUYECKHE 3aHATHS 68 68
CEMHMHAPCKHE 3aHSATHSI - -
Yka3bIBaroTCs BUIBI paboT B
COOTBETCTBHUH C YUEOHBIM IIJIAHOM - B
HNuas koHTaKTHAsA padoTa: - -
KonTpoins camocTosiTensHON paboTh
7 7
(KCP)
ITpomexxyTounas arrectanus (MKP) 0,3 0,3
CamocrosiTenbHast padoTa, B TOM 44 44
qmcie:
Kypconas padora/mpoext (KP/KIT)
(moaroroBka) - B
Konrponshas pabora - -
Pacuérno-rpadrueckas padora (PT'P)
(moaroroBka) - B
Pedepar/acce (moaroroska) — -




CaMOCTOsTEeIbHOE H3YYEHHE pa3/IelioB,
CaMOITOITOTOBKA (mpopaboTka u
MOBTOPEHUE JIEKIIMOHHOTO Marepuayia u
Marepuajia y4eOHHMKOB W y4eOHBIX 44 44
MOCOOuH, TIOATOTOBKA K J1a00paTOPHBIM U
MMPAKTUYCCKHUM 3aHATUAM, KOJIJIOKBUYMaM

1 T.J.)
[ToaroToBKa K TEKyIIEMy KOHTPOJIIO - -
KoutpoJsb: 26,7 26,7
[MoxroToBka K sK3aMeHy _ _
Oommas qac. 180 180
TPYA0EMKOCTh B TOM 4HCJIe

KOHTAKTHAS 109,3 109,3

paéora

3a4. el 5 5

2.2 Conep:xaHue TMCUMILINHBI
Pacnipenenenne BuaoB y4eOHOI pabOTH 1 X TPYJOEMKOCTH MO pa3zesiaM AUCIUIUIHHBL.
Paznensl (TeMbl) AMCUMIUIMHBL, H3y4aeMble B S5 cemectpe (ouHast popma oOydeHus)

KonnyectBo wacos
A Bueayaut
No HanmenoBanwue pasnenos (Tem) yauTopHad opHas
Bcero pabora
pabota
JI 113 JIP CPC

1 |I[InanerapHas mozens aroma Pesepdopaa—bopa 8 2 4 2
2 |KopmyckyJisipHO-BOJIHOBOH Ayallu3M 6 2 2 2
3 |OCHOBBI KBaHTOBOHU TEOpUU 8 2 4 2
4 |YpaBuenus llpeauHrepa u KBaHTOBasi TEOPHsI aTOMa BOJIOPOAA 14 2 8 4
5 |MHOro3JeKTpOHHbIE AaTOMBI 8 2 4 2
6 |ATOM B 10JI€ BHEIIHUX CHJI 8 2 4 2
7 |Opwuamun [aynm u 27eKTpOHHAS KOH(PHUTYpaIHs aTOMOB 16 4 8 4
8 |PeHTreHOBCKOE HU3NTyuyeHHUE 4 2 — 2
9 |CpoiicTBa aTOMHBIX siAEP 8 2 4 2
10 |Mogenu aTOMHBIX SIA€p U CBOMCTBA SAEPHBIX CUJI 4 2 - 2
11 |PagnoakTHBHOCTH 14 2 8 4
12 |SmepHble peakuuu 14 2 8 4
13 |B3auMopeiicTBUE SAEPHOTO U3ITYUEHHsI C BEHIECTBOM 10 2 6 2
14 |YacTtunsl 1 B3aUMOIEHCTBUS 12 2 8 2
15 |9xcnepuMeHTH B (PU3HKE BEICOKMX SHEPTUH 6 2 — 4
16 |AuckpeTHblE CUMMETPUU 6 2 — 4

HUTOIO no pazoenam oucyuniumvl 34 68 44

Kontpouss camoctositensroi pabotsl (KCP) 7

[IpomexxyTtounas arrectamus (MKP) 0,3

IToaroToBKa K TEKyLEMY KOHTPOJIIO 26,7 | 26,7

O0mas TpyI0eMKOCTD 110 TUCIUILIHHE 180

[Tpumeuanue: JI — nexuuwu, [13 — npaktudyeckue 3anstus / cemuHapsl, JIP — mabopatopHbie
3anstusi, CPC — camocrositensHas pabora cTyieHTa

2.3 Conep:xanue pa3/iesioB (TeM) IMCUUILIHHBI
2.3.1 3aHATHA JTEKIIHOHHOI'0 THIIA

HanmenoBanue paznena dopMa TeKyILEro
pasa Copneprxanne paszzaeina (TEeMBbI) p Y
(TembI) KOHTPOJIS




[InanerapHas monenb Omsiter Pezepdopna. SAnepras moxens aroma. BeiBon OTBETHI HA
atoma Pesepdopaa—bopa |popmyisr Pesepdopaa st paccestHus anbda-qacTHII. KOHTPOJIbHBIC
CrnenctBus u3 onbIToB Pezepdopaa. DxcriepumeHTanbHAS BOTIPOCHI,
nposepka opmyiel Pesepdopaa. Ilnanerapras Monens BBINTOJIHEHHE
atoma Pesepdopma. CronkHoBeHHe gactuil. CeueHne MIPAKTHIECKIX
paccesHus. 3aJaHui;
CrekTpanbHbIe CEPUH aTOMa BOJOPOJIa. DJIeMeHTapHasI OTYET 10
OopoBckas Teopus atoma Bogoposa. Ilocrynarsr bopa. BBITIOJTHEHHBIM
OKcNepUMEeHTaIbHOE OATBEPIKICHNUE NUCKPETHON 11a00paToOpHEIM
CTPYKTYpPBI 2HEPTeTUYECKUX YPOBHEH aTOMOB, ONbITH DpaHka paboram;
u 'epma. BopoBckas Mozmens aroma Bogopoaa. CekTpaibHBIE | TECTHPOBAHUE;
CepUH BOJOPOIONON00HBIX cucteM. HenmoctaTtku Teopun pedepar
Bopa.
KopmyckymsipHo- YacTuirs! 1 BoaHEL. KopIrycKyisipHO-BOIHOBOI TyanusMm. OTBETHI Ha
BOJIHOBOH JyaJinu3M I'unoresa ne bpoiins u ee 3kCepUMEHTaNbHOE KOHTPOJIbHBIE
MIOJTBEPIKAICHNUE Ha IPUMepe TU(PPAKIIUU 3IEKTPOHOB, BOIIPOCHI;
aToMOB, HeiiTpoHoB. OnbITH JleBruccona—/xxepmepa u BBIIIOJIHEHUE
Tomcona. dazoBas U IpyInoBas CKOPOCTH BOJH Je Bpoiis. MIPAKTUYECKHUX
CraTHCTHYEeCKUH XapaKTep CBA3M KOPITyCKYISPHBIX U 3a/laHul;
BOJIHOBBIX CBOMCTB. OTYeT IO
BBINTOJTHEHHBIM
11a00paToOpHEIM
paboTam;
TECTUPOBAHHE;
pedepat
OCHOBBI KBaHTOBOI1 CocrosiHie YacTHLbl B KBAHTOBOM Teopuu. BonHoBas OTBETHI Ha
TEOpHHU (GYHKIMS U ee CTaTUCTHIeCKUi cMbIch. [IpuHnum KOHTPOJIbHBIC
cynepno3uiyy. OnepaTopsl B KBAHTOBONH MEXaHHUKE U UX BOIIPOCHI;
cBoiictBa. COOCTBEHHBIE 3HAUEHHS U COOCTBEHHBIE (DYHKIINU BEITIOJTHEHHUE
omnepatopoB. OmepaTopsl BaXKHEHINX (pU3NIECKIX BETHUNH MPaKTHYECKUX
(KOOpIMHATEI, UIMITYJIbCA, MOMEHTA UMITYJIbCA, TIPOCKIIUU 3aJIaHMi;
MOMEHTa UMITyJIbCa, KHHETUYECKOH, MOTEHIINAIBHON U OTYeT IO
TIOJTHOM DHEPTHH). Y CIIOBHE BO3MOYKHOCTH OTHOBPEMEHHOTO BBITNIOJIHEHHBIM
n3MepeHus pusndeckux BenuuuH. COOTHOIIEHHE 11a00paTOpHEIM
HeormpeneneHHocTe [ efizendepra. paboTam;
XapakTepHble 3a1a4 KBAHTOBOI MEXaHHUKH. [|BIKeHUE TECTUPOBAHMUE;
cB0OOOIHOW YacTHIBl. YacTHIia B OMHOMEPHOU pedepar
NPSIMOYTOJIbHOW MOTEHUUAIbHOU siMe. JIMHEHHBIH
TrapMOHUYECKUH ociuiaTop. OTpaxkeHHe U IIPOXOKICHNE
CKBO3b IPSMOYTOJIbHBIN IOTEHIMAIBHBINA TOPOT.
[otennmansHbIi Oapbep KOHEUHOU IUPHUHBL. TyHHETHHBII
st exT.
Vpasuenus lpenunrepa |BpemeHHoe 1 cTanoHapHoe ypaBHeHus lIpenunrepa. OTBETHI HA
Y KBAHTOBAsI TEOPUS KsantoBanue. YpaBuenus llIpeaunrepa B onepaTopHOii KOHTPOJIbHBIE
aToMa BOAOpoJa ¢dopme. Onepatop ['amunbrona. OnpeneieHue BOIIPOCHI,
9HEPreTUYECcKOro CIeKTpa CUCTEMBI KaK 3ajada Ha BBITIOJIHEHHE
coOCTBEHHBIE 3HaYECHUS onepaTopa ['aMunbToHa. MPaKTHYECKUX
KBaHTOBO-MeXaHHYECKOE ONUCAHUE aTOMA BOJOPOJIA. 3aJlaHUH;
VYpasuenue lllpenunrepa st aroma Bogopoaa. Ousndeckuil OTYET 110
CMBICIT KBAaHTOBBIX 4Hcell. Paznenenne nepeMeHHbIX. YTIOBOE |  BHITOJHEHHBIM
U pasuabHOE PacTpeieNieHNe SIeKTPOHHON IIIOTHOCTH. 11a00paTOPHEIM
Oueprerudeckuii ciekTp. OnepaTopsl MOMEHTA UMITYJIbCa U pabotam;
MIPOEKIIMI MOMEHTA UMITYJIbCa U UX COOCTBEHHBIE 3HAUCHUSI. TECTUPOBAHHE;
[TpaBuna or6opa. HopmasbHoe coctosiHue aToma. BonHoBbIe pedepar
(GYHKIMH ¥ pacnpe/ieieHHe TII0THOCTH BEPOsITHOCTH. 1s-
COCTOSIHHE DJICKTPOHA B aTOME BOJIOPOJIa.
MHOro35eKTpOHHbIE KBanToBanue Bogopo0mnogo0HbIX aToMOB. KpaTHOCTD OTBETHI Ha
aTOMBI BBIPOJKICHUS SJHEPreTUUECKUX YpoBHEHl. CHMBOIMKA KOHTPOJIbHBIE
COCTOSIHMH JIEKTPOHA B aToMe. Pacnpenenenue nioTHOCTH BOTIPOCHI;
BEPOATHOCTH. YPOBHHU U CIIEKTPHI LEJIOUHBIX METAJITIOB. BBITIOJIHEHHE
ITpaBuia oTOOpa M cCEKTpaIbHbIE ceprui. TOHKas CTPYKTypa MPaKTHYECKNX
CHEKTPATBHBIX JTMHUHA BOJIOPOIONIOI00HBIX aTOMOB. 3aJJaHU;




OpOuranpHble MarHUTHBIN 1 MEXaHMYeCKUH MOMEHTHI. CrivH OTUYET I10
1 cOOCTBEHHBIH MarHUTHBIII MOMEHT 3JIEKTPOHA. BBITNIOJTHEHHBIM
DKCHepUMEeHTAIbHOE JI0Ka3aTeIbCTBO CYIIECTBOBAHUS CIIMHA, | J1a00paTOPHBIM
onbIThl LlITepra—T'epnaxa. IloaHblil MOMEHT UMITYJIbCA. pabotam;
OnwncaHne COCTOSHUH 3JIEKTPOHA B aTOME C TIOMOIIBIO TECTUPOBAHUE;
HA0OPOB KBAaHTOBBIX yHuce. CIMH-OpOUTATIBHOE pedepar
B3aMMOJICHCTBHE.
ATOM B noJIe BHEIIHUX | MarHuTtHble cBoWCTBa aToMOB. OpOUTANbHBIN, CIMHOBBIA U OTBETHI HA
cui IIOJIHBII MarHUTHBIA MOMEHTHI aTroMa. ['upoMaruuTHoe KOHTPOJIbHBIE
OTHOILIEHHE U MarHeToH bopa. AToM BO BHELITHEM MarHUTHOM BOIIPOCHI;
nosie. HopmanbHelii 1 aHoMabHBIN 3 (deKxThl 3eeMana 1 BBIIIOJIHEHUE
s¢dexr ITamena—baka. OHeprus aroma B MArHUTHOM TIOJIE. MPAKTHYECKUX
DJeKTpOHHBIN MapamarHuTHEIN pe3oHanc (OI1P) u ero 3aJaHH;
TIPUIIOKEHMS. ATOM B aniekTpryeckoM mnoie. Dddekr ltapka. OTYeT N0
BBITOJTHEHHBIM
1a60paTOPHBIM
pabotam;
TECTUPOBAHUE;
pedepar
[punnun [Taynu u CucTeMBl TOXXIECTBEHHBIX YyacTUll. CUMMETpHUS BOJTHOBBIX OTBETHI Ha
DJIEKTPOHHAs ¢bynkumid. bozoHsl 1 hepMUOHBI. MHOT03JIEKTPOHHBIE aTOMBI. KOHTPOJIbHBIE
KoHpuryparms aroMoB  |OOIIME IPUHIKITEI ONTUCAHHMSI MHOTO3JIEKTPOHHOTO aToMa. BOTIPOCHI,
[Mpuanun [aynn u kBaHTOBO-MeXxaHH4YecKast JOPMYITHPOBKa BBITIOJIHEHHE
npuHnuna [Naynm. AToMHBIE 000JI0YKH 1 TT01000I0YKH. MPAKTUYECKHUX
OnexrpoHHas KoHpUrypanus. CyMMapHbIe OpOUTAIBHBIH, 3a/1aHul;
CHUHOBBIN U MOJIHBIA MOMEHTHI MHOTO2JEKTPOHHOTO aTOMa. OTYeT N0
LS (nopmansnas) u jj-csi3u. CriekrpanabHbIe 0003HaYCHUS U BEITIOTHEHHBIM
mpaBuia oTOopa. 3armoHeHNE HIEKTPOHHBIX 000JI0YEK B 1a60paTOPHBIM
atoMax. Ilepnonnueckas cuctema 3J1eMeHTOB MeHeneeBa. paboram;
OnexTpoHHas KOH(UTrypanus u npaBuia XyHza. TECTUPOBAHUE;
pedepar
Pentrenosckoe TopMo3HOE U XapaKTepUCTUUECKOE PEHTI€HOBCKOE OTBETHI Ha
U3ITy4eHUE n3ny4deHre. Cepuu B CHEKTPaxX XapaKTepUCTUIECKOTO KOHTPOJIbHBIE
n3iydeHust. OcoOEHHOCTH XapaKTePUCTHYECKUX BOTIPOCHI;
PEHTI€HOBCKUX CIIeKTPOB. 3akoH Mo3znu. OcobeHHOCTH BBITIOJIHEHHUE
cHeKTpa norjouieHus. ToHkast CTpyKTypa peHTT€HOBCKUX MPAKTUYECKHIX
CHEKTPOB. 3alaHH;
OTYeT N0
BBITNIOJTHEHHBIM
1ab0paTOPHBIM
pabotam;
TECTUPOBAHUE;
pedepar
CBoiicTBa aTOMHBIX f7€p OCHOBHBIE 3Talbl Pa3BUTHS (HU3UKH aTOMHOTO SIIpa U OTBETHI Ha
9JIEMEHTAPHBIX YacTUll. MaciuTaObl sIBICHUIT MUKPOMHDA. KOHTPOJIbHBIE
OO6uume cBoiicTBa aToMHBIX saep. Hykinonsl. M3ororsl, BOIIPOCHI,
n300apsbl, N30TOHBL. [ITIOTHOCTE SIEpHOTO BelecTBa. BBITIOJIHEHHE
W3MepeHns B MUKpOMHUPE U €IUHULIBI H3MEPEHUS MPAKTUYECKHUX
(U3MYECKNX BEINYUH B SIEpHON (r3nKe. 3aJlaHUH;
Pazmeps! u popma sinep. [IpoToH-HEHTPOHHAS MOAETH AAPA. OTYEeT O
3apsn sinpa. Macca u aHeprus cBs3u sapa. Jedekr macc. BBITNIOJTHEHHBIM
VY nenbHast sHEprus cBsi3u. Ilomysmmupudeckas Gopmyna 1a00paTOPHBIM
Baiiuzekkepa i1 sHEpruM cBsi3u sapa. N-Z auarpamma pabotam;
aTOMHBIX sep. Maruueckue siapa. CtaOuibHbIE U TECTUPOBAHUE;
paanoaxkTUBHBIE Aapa. CIMH U MarHUTHBIN MOMEHT HyKJIOHOB pedepar

U sapa. Sl aepHblil MarHeToH. MeTobl onpeesieHus CliuHa U
MarHUTHOI'O MOMEHTA sipa. S| AepHbII MarHUTHBIN PE30HAHC.
CBepXTOHKasl CTPYKTypa CHEKTPaNbHbIX JTUHUNA. J(UIOIBHBIHN
U KBaJPYTOJIBHBIN 3JIEKTPUYECKHE MOMEHTSHI A/pa.
KBaHTOBOMEXaHNUECKOE ONMUCAHKE SAEPHBIX COCTOSIHUH.
UYetHOCTH BOTHOBOM (yHKIMH. BO30HEBI 11 (hepMHUOHEI.
Hpunnun aymu. Cratuctuku siaep. M3otonuueckuil ciud




sapa. IIpocTpaHCTBEHHAs HHBEPCHsL. 3apsAI0BOE CONMPSKEHHUE.
Ob6panienne Bpemenu. CPT-teopema.

10 [Mopnenu aTOMHBIX siiep U |3apsioBasi HE3aBUCUMOCTD SJIEpHBIX cril. M3oTonuueckuii OTBETHI Ha
CBOMCTBA ANEPHBIX CHJI  |criuH. OOMEHHBIH XapakTep saepHbIx cuil. CBOHCTBO KOHTPOJIbHbIE

HaCHIIIEHUS SAepHbIX cuil. ['unoTe3a FOkaBbl. Me30HBI. BOIIPOCHI,
Me3oHHas TeOpUs SACSPHBIX CHII U oTeHIan FOkaBsI. BBIITOJIHEHNC
Heo6X0qMMOCTh MOJIENBHBIX TIPEICTABIIEHHUIA O Spe. TIPAKTHICCKIX
OHOYACTUYHBIE U KOJUIEKTHBHBIE MOJeNH. KomnekTupHbIe 3afarnh,
cBoifcTsa aaep. KanensHas Mozens sapa. O6macTsb OT4eT 1O
MPUMEHEHU KareabHol Moaenu. HemoctaTku kaneiabHOM BBIIOTHCHHBIM
Mogenu. IToTeHnyan ycpeJHeHHOTO SAEPHOTO IO 1abopaTOPHBIM
dusuyeckoe 000CHOBAHKE 000104eUHOM MofenH anpa. CruH- paboram;
opbuTanpHOE B3auMoelicTere. Mofens aaepHbIX o06otouek u | TCCTHPOBAHHT,
Maru4ecKue Yncia HyKIOHOB. DKCIIEPUMEHTATBHBIE pedepar
ciencTBus 000JI0YSUHOW MOJICITH sIIpa M 00JIacThb ee
npuMeHeHns. HemocraTku Mmomenn obomouek. [edopmarius
simep. KonebatenpHbIe U BpamaTeIbHbIE COCTOSHUSA SIIep.
O06o0meHHast MO Apa U 001acTh €€ IPUMCEHEHHSI.

11 |PagnoakTuBHOCTH PagmoakxTiBHEIE IpeBpaieHus saep. EctecTtBenHas u OTBETHI Ha
HCKYCCTBEHHAS PaIuOaKTUBHOCTh. CTaTUCTUYECKUN XapaKkTep | KOHTPOJIBHHEBIE
PaarOaKTHBHOTO pacraja. 3aKOHbI PaJHOaKTHBHOTO paclaja. BOTIPOCHI,
PannoakTuBHbIE ceMelicTBa. Bupl paguoakTHBHOTO pacmaja. BBIIIOJIHEHUE

Anbda-pacnan saep. DHEPreTHISCKOe pACCMOTPEHHE MIPaKTUIECKUX
anbda-pacnana. CekTpsl abha-4yacTril. 3aBUCHMOCTb 3aJTaHMIA;
Mepro/ia MoTypacnana OT SHeprun anbda-dyacTui. MexaHu3m OTYeT 10
anbga-pacnana. TyHHENbHBIH 3P QeKT. BBITNIOJIHEHHBIM

Bera-pacman simep. Buast 6eta-pacnana. mabopaTOPHBIM
OHepreTHyecknii criekTp Oera-gactun. Hefirpuro u ero pabotam;
CBOICcTBa. DKCIEPUMEHTAIEHOE JOKA3aTEIIECTBO TECTHPOBAHUE;
CyIIECTBOBAHMS HEUTPUHO. DIEMEHTHI TEOpHUHU OeTa-pacmaja. pedepar
Paspemennsle u 3anpemieHHsIe 6eTa-mepexosl.

Hecoxpanenne geTHOCTH B OeTa-pacmase.
I'amma-u3nydenue snep. BepodaTHocTs raMmma-nepexoza u
npaBuia oToopa. BHyTpeHHSS KOHBEPCHSI SJIEKTPOHOB.
Snepuas uzomepusi. Pe30HaHCHOE TIOTJIONICHUE H3TyYCHUS.
Dddexr Meccbayspa U ero IpakTHIESCKOE MPUMEHCHHE.

12 |SnepHble peakimm SnepHbIe peakIyy, X CHMBOJIMKA U KJIACCH(DHUKAIINS. OTBETHI HA
3aKOHBI COXPAHCHHS B SACPHBIX PEAKIUAK. JHEPTHS PEAKIUU. |  KOHTPOJIHHBIC
[psiMbIe saepHBIC peaKIuy U peaKIuy, UAYIIHE Yepes3 BOTIPOCEI;
00pa3oBaHUE COCTaBHOTO sifpa. MOJIENIb COCTABHOTO SIIIpa. BEITIOTHEHUE
DHepreTHdecKas cxema saepHoi peakun. [lopor MPAKTHICCKIX
3HAO03HEpreTuuecKon peakuuu. ViMiynbcHas quarpamma Juist 3a/laHu;
sIIEpHOM peakunu. VIMIyIbCHBIE qHarpaMMBbl pacCesTHUS B OTYeT 10
SITEPHBIX PeaKIIsIX. 3aKOHBI COXPAaHEHS MIPH SACPHBIX BEITIOTHEHHBIM
B3aMMOJICHCTBUAX. SIepHbIe peakuuu ¢ 00pa3oBaHUEM n1a00paTOpPHBIM
KoMmayH sapa. PesoHaHcHBIE sinepHble peakiuu. Popmysa paboram;
Bbpelita—Burnepa. Peakiyy npsmoro s1epHoro TECTUPOBAHMUE,
B3auMoJieicTBuUs. Peakuuu cpriBa. B3aumonetictsue pedepat

HEITPOHOB ¢ AApaMHU. SnepHble peakiiy Moj AeHCTBUEM
JIETKUX 3apsDKEHHBIX YacTull (aabda-yacTull, IPOTOHOB
IeUTpoHOB). POTOSAEPHBIE PEAKIINH.

Jlenenne n cuHTe3 aTOMHBIX siiep. OCHOBHEBIE
JKCIEPUMEHTANBHBIE JAHHBIE O JEJIEHUN U SHEPreTHYECKHE
yCIoBUS JIeNeHUs. DJIeMEHTapHas TEOPUs JEICHNUSI.
BrIHYXIeHHOE U CTIOHTaHHOE JesieHue. Bropuunbie
HEUTpOHBI. 1lenHoii mpouece SAEPHOro NEJICHUS U €ro
IMPAKTUYCCKOC IPUMCHEHUE. PeaKHI/II/I Ha MCAJICHHBIX U HA
ObIcTphIX HeliTpoHax. TpaHCcypaHOBBIE dJIeMEHTHI. SInepHbie
B3pHBIBHL. fnepHble peakTopsl. CHHTE3 JETKUX sAep.
Tepmosinepusie peakuun. [IpobieMsl yripaBisieMoro
TEPMOSAEPHOTO CHHTE3a. SIIepHbIe peakuy B 3Be3/1aX.

[IpOoTOHHO-IPOTOHHBIN UMKII. YTIEPOAHO-a30THBIN LIUKIL.




13 |B3aumopeiictBue OO01mas XxapaKTepHCTHKa B3aUMOICHCTBUS 3apsKEHHBIX OTBETHI Ha
SIIEPHOTO W3JIyYeHHS C  |J4acTHI, HEHTPOHOB M FaMMa-KBaHTOB C BEIIECTBOM. KOHTPOJIbHBIC
BEIIIECTBOM HoHu3annoHHOE TOPMOKEHNE 3apsUKEHHBIX YaCTHIL B BOIIPOCHI;

BemecTse. [loTepu sHEPTUN Ha HOHU3ANNIO U BO30YXICHHE BBINTOJIHEHHE
aToMoB. CBOOOAHEIH MpoOer, 3aKOH MOTIIOMICHNUS, [THHA MIPAKTHIECKIX
MIOTJIOIIEHUS, palHallMOHHAs JJINHA PACcCesHUs, IOTJIONCHHAS 3aJIaHMi;
no3a. CBsasb npobera ¢ sHeprueil. Bzaumonelicteue OTYET 10
HEHTPOHOB C BEIIECTBOM. 3aMelJIeHHe HEHTPOHOB. BBIIIOJIHEHHBIM
[TpoxoxeHne raMMa-u3Iy4eHHs Yepe3 BEIeCTBO. 11a00paToOpHEIM
Bronornyeckoe neiicTBre HOHU3UPYIOMINX M3ITyYESHUH. paboram;
JloznMmeTpus 1 3aIInTa OT HOHU3UPYIOLINX N3TyICHHH. TECTUPOBAHHE;
pedepar

14 |YacTuus! u UYetkipe Tumna QpyHIaMEHTAIHHBIX B3aUMOICHCTBHUI. OTBETHI Ha
B3aNMOAEHCTBUS KoncTaHTHI 1 paanychl B3auMoaecTBySL. [IpHHIHIITET KOHTPOJIbHBIC

OTIMCAHUs B3aMMOAEHCTBHUS YaCTHIl B KBAHTOBOH TEOPUH BOIIPOCHI;
noist. [lepenocunku B3aumoperictsus. [lonsatue o BBITOIHEHHUE
nmuarpamMax @eitamana. Kimaccngukarus snmeMeHTapHbIX MIPaKTUYECKUX
yacTuil B pamkax CtannapTHoit Moaenu. YacTuipl u 3aJIaHUM;
B3aumozeicTBus. Kinaccudukanus sneMeHTapHbIX YaCTHII. OTYET 110
OCHOBHBIE XapaKTepUCTUKU YacTull. KanubpoBoyHbie BBITTOJTHEHHBIM
0030HBI, JIENTOHBI U aipoHbl. DyHJaMEHTaNIbHbIE YaCTHIIBL. 11a00paTOpHEIM
KBaHTOBBIE YKCITa 3JIEMEHTAPHBIX YacTHL. YacTUIbI 1 paboram;
anTnyacTuisl. [Ipoueccs! ananTIIAIUA. BO30yXaeHHbIE TECTUPOBAHUE;
COCTOSTHHS apOHOB. YacTUIBI-PE30HAHCHI. 3aKOHBI pedepar
COXpaHEHHs B MUPE 3JIEMEHTAPHBIX YaCTHIL.

15 |DxcnepuMeHTs! B (U3HKe | DKCIIEPUMEHTAIBHBIE METOIBI B (PU3HKE BEICOKUX YHEPTHH. OTBETHI HA

BBICOKHX SHEPTHUi OO6mwe TpeboBaHMs K H3MEPUTEIbHBIM TprOopamM. MeTo s KOHTPOJIbHBIC
peructparnuu yactuil. Knaccupukanus 1eTekTopos BOIIPOCHI;
3JIEMEHTAPHBIX YaCTHUIl U PaJHOAKTUBHBIX H3IIyUCHUI. BBINTOJIHEHHE
OKCHEepUMEHTAIbHBIE METOABI U3YUCHUS AICPHBIX PEAKLIUI. MPaKTHYECKUX
OO011Ke NPUHIMITEI YCKOPEHUS AIIEMEHTAPHBIX YaCTHIL U Sep 3aJlaHuil;
1 QU3NYecKue MPUHIUIBI pabOThl YCKOPHUTEIEH. OTYeT IO
Knaccudukanus yckopurenei sineMeHTapHbIX YacTHII. BBINTOJTHEHHBIM
[TonsiTHE O COBpEMEHHBIX METOAAX MOJTYUEHHS ITyYKOB 11a00paTOpHEIM
BBICOKHX dHepruil. Hakonmrenu wactuu. Berpednsie myukw. paboram;
Peaxmmu ¢ yactuiamu. B3anmopeiicTBus 1 pactiaibl YacTHII. TECTUPOBAHMUE;
pedepat
16 |[duckperHsle cumMeTprn |CHMMETPHH 1 3aKOHBI coxpaHeHus. [IpoctpaHcTBeHHAS OTBETHI Ha
nHBepcus. P-ueTHOCTh. 3aK0H coxpaHeHus1 P-qeTHOCTH. KOHTPOJIbHBIC
3apsmoBoe compspkeHue. 3apsaoBas yeTHocTs. CP-unBepcus. BOTIPOCHI,
Ob6pamienue BpemeHn. HecoxpaneHne MpocTpaHCTBEHHOHN U BBINIOJIHEHHE
3apsI0BOM YETHOCTH B Ca0bIX B3anMmoeiicTBusax. CPT- MIPaKTUYECKUX
HMHBapHUaHTHOCTh. DKCIIEpUMEHTaIbHAs IPOBEpKa 3a/laHul;
WHBAPUAHTHOCTH PA3JIMYHBIX TUTIOB (yHIaMEHTAIbHBIX OTYET 110
B3aumoericTBuil. CP-npeobpazoBanue. Ko-Me30HbI. BBITTOJTHEHHBIM
Hapymenne CP-cummerpun B pacnage Ko-Me30HOB. 11a00paToOpHEIM
paboTam;
TECTUPOBAHUE;
pedepat
2.3.2 3aHATHA CEMHUHAPCKOIO TUNA (MPAKTHYeCKHe / CeMHUHAPCKUE 3aHATHSA)
e HaumenoBanue paznena Conepanue pasziena (Tewbi) ®dopma TeKyIero
(Temsr) KOHTPOJIS
1 ([InaneTtapHas Moneib Omsitel Pesepdopna. Snepras monens aroma. BeiBoa Pemenwe 3amau;
atoma Pesepdopaa—bopa |popmyisr Pesepdopaa s paccestHus anbda-qacTHi. OTBETHI Ha
CrnenctBus u3 onbsIToB Pesepdopaa. DkcniepuMeHTanbHas KOHTPOJIbHBIC
nposepka opmyitsl Pesepdopaa. [lnanerapaas Monens BOTIPOCHI;
atoma Pesepdopra. CronkaoBenue gactuil. CedeHue BBINTOJTHEHHE
paccestHusI. KOHTPOJIBHBIX
CriekTpaiibHBIE CePHH aTOMa BOAOPOAa. DIIeMeHTapHas pabor;
Goposckas Teopus atoma Bogoposa. Ilocrynarsr bopa. TECTUPOBAHHUE




OKCNepUMEHTAIbHOE NOATBEPKICHNUE TUCKPETHON
CTPYKTYPHI SHEPT€THYECKNX YPOBHEH aTOMOB, OIBITH DpaHKa
u I'epua. bopoBckas monens aroma Bomopoaa. CriekTpaibHbIe
CepUH BOJOPOIONON00HbIX cucteM. HemocTaTtku Teopun
bopa.

Kopnyckynspho- YacTuus!l ¥ BoiaHbL. KOpIyCKyJISIpHO-BOJIHOBOI Iy allu3M. Pewenue 3anay;
BOJIHOBO Tyanu3m l'unotesa e bpoiins u ee sSKCIepUMEHTANbHOE OTBETHI Ha
MOJTBEPIK/ICHHE Ha PUMepe TUPPaAKIIMU IIEKTPOHOB, KOHTPOJIbHBIE
aToMOB, HeiiTpoHOB. OnbITH JleBruccona—/lxepmepa u BOIIPOCHI,
Tomcona. dazoBas U IrpynnoBas CKOPOCTU BOJH Je bpois. BBITIOJIHEHHE
CraTucTu4eckuii XapakTep CBA3H KOPITyCKYISPHBIX U KOHTPOJIBHBIX
BOJIHOBBIX CBOWCTB. pabor;
TECTHUPOBAHUE
OCHOBBI KBaHTOBOI CocTrosiHie YacTHLbl B KBAHTOBOM Teopuu. BonHoBas Pewenue 3anay;
TEOpHH (GYHKIMS U ee cTaTUCTUYeCKUi cMbIch. [IpuHnum OTBETHI Ha
cynepno3uiyu. OnepaTopsl B KBAHTOBONH MEXaHHUKE U UX KOHTPOJIbHBIE
cBoiictBa. COOCTBEHHBIE 3HAUEHHS U COOCTBEHHBIE (DYHKIINU BOTIPOCHI,
omnepatopoB. OmepaTopsl BaXKHEHINX (PU3NIECKIX BETHINH BBITOJIHEHHUE
(KOOpIMHATEI, UIMITYJIbCA, MOMEHTA UMITYJIbCA, IPOCKIIUU KOHTPOJIBHBIX
MOMEHTA UMITYJIbCa, KHHETUUECKOH, TOTEHIIMAIBHOU U pabor;
MIOJTHOM 3HEPruM). Y CJIOBHE BO3ZMOKHOCTH OHOBPEMEHHOTO TECTUPOBAHUE

n3MepeHus pusndecknx BenuuuH. COOTHOIIEHHE
HeonpeneneHHocrei [ eiisendepra.

XapakTepHble 3a/1a4d KBAaHTOBOIM MeXaHUKU. [IBIbkeHue
cB0OOIHOM YacTHIEI. YacTHIia B OMHOMEPHON
NPSIMOYTOJIbHOW MOTEHUUATBHOU siMe. JIMHENHBIH
TapMOHUYECKUH ociyuisaTop. OTpakeHHe U IPOXOXKICHAE
CKBO3b IPSMOYTOJIbHBIN MOTEHIMAIBHBINA TOPOT.
[otennmansHbIi Oapbep KOHEUHOU IHNPHUHBL. TyHHETBHBII

s dekr.

VYpasuenus lpenunrepa
Y KBAHTOBAs TEOPUS
aToMma BOZopona

BpemenHnoe u cranimonapHoe ypasHenus Lllpenunrepa.
KsantoBanue. YpaBuenus llIpeaunrepa B onepaTopHOii
¢dopme. Onepatop ['amunbrona. OnpeneieHue
9HEPreTUYeCcKOro CIeKTpa CUCTEMBI KaK 3ajaya Ha
coOCTBEHHBIE 3HaYECHUS onepaTopa ['aMunbToHa.
KBaHTOBO-MeXaHHYECKOE ONUCAHUE aTOMA BOJOPOJIA.
VYpasuenue llpenunrepa st aroma Bogopoaa. Gusndeckuil
CMBICH KBAaHTOBBIX YHCeNl. Pa3nencHrue nepeMeHHBIX. YTIIOBOE
U pagrajJbHOE paclpeeeHne dIeKTPOHHON TNTIOTHOCTH.
Oueprerudeckuii ciektp. OnepaTopsl MOMEHTA UMITYJIbCa U
MIPOEKITNI MOMEHTA UMITYJIhCa U UX COOCTBEHHBIE 3HAYCHUSI.
[IpaBuna orbopa. HopmansHoe cocTosiHue atoma. BoaHOBEIE
(GYHKIMH ¥ pacnpe/ieieHHe TII0THOCTH BEPOsITHOCTH. 1s-
COCTOSIHHE DJICKTPOHA B aTOME BOJIOPOJIa.

Pemenue 3amay;
OTBCTHI HA
KOHTPOJIbHBIC
BOIIPOCHI;
BBINIOJIHEHUE
KOHTPOJIBHBIX
pabor;
TECTUPOBAHUE

MHOro35eKTpOHHbIE
aTOMBI

KBanToBanue Bogopoaonofo0Hbx aToMoB. KpatHocTs
BBIPOKICHUS SHEPreTHYECKUX ypoBHel. CHMBOIHKA
COCTOSIHMH JIEKTpOHA B aToMe. Pacnpenenenue nioTHOCTH
BEPOATHOCTH. YPOBHHU U CIIEKTPHI IEJIOUHBIX METAJITIOB.
[TpaBuia oT6Opa U ceKTpajibHbIE cepruu. ToOHKas CTPYKTypa
CHEKTPATBHBIX JTHHUH BOJOPOIONIOIO0HBIX AaTOMOB.
OpOuTanpHble MATHATHBIA 1 MEXaHUIEeCKAH MOMEHTHI. CITiH
1 COOCTBEHHBIN MAarHUTHBIA MOMEHT AJIEKTPOHA.
OKCHeprUMEeHTAIbHOE JI0Ka3aTeIbCTBO CYIIECTBOBAHNUS CITHHA,
onbIThl LlITepHa—T'epnaxa. IloaHbll MOMEHT UMITYJIbCA.
OrnucaHne COCTOSHHUM IEKTPOHa B aTOME C [TOMOILBIO
Ha0OpOB KBaHTOBBIX uKcel. CIMH-OpOUTATBHOE
B3aUMO/JICHCTBHE.

Pemenue 3amay;
OTBCTHI HA
KOHTPOJIbHBIE
BOIIPOCHI;
BBINIOJIHEHUE
KOHTPOJIBHBIX
pabor;
TECTUPOBAHUE

ATOM B 10JI€ BHEMIHUX
CHIT

MarnuTHble cBoHCTBa aToMOB. OpOUTaNbHBIN, CIMHOBBIA 1
MOJIHBIN MAarHUTHBI MOMEHTHI aToMa. [ mpoMarautHoe
OTHOILIEHHE U MarHeToH bopa. AToM BO BHELITHEM MarHUTHOM
nosie. HopmanbHelii 1 aHoMaIbHBIN 3 (dexThl 3eeMana 1
s¢dekr Ilamena—baka. OHeprus aromMa B MArHUTHOM MOJIE.

Pemenue 3amay;
OTBETHI HA
KOHTPOJIbHBIE
BOIIPOCHI;




DJeKTpOHHBIN MapamarHuTHbIN pe3oHanc (OI1P) u ero BBIIIOJIHEHUE
MIPUIIOKEHUS. ATOM B aniekTpryeckoM mnose. Dddekr llltapka.| KOHTPOIBHBIX
pabor;
TECTUPOBAHHUE
7 (Ilpunuun Ilaynu u CucTeMBI TOXKIECTBEHHBIX YyacTull. CHMMETpHs BOTHOBBIX Pewenue 3anay;
3JIEKTPOHHAS ¢bynkimi. bozons! 1 GepMuOHBI. MHOT03JIEKTPOHHBIE aTOMBI. OTBETHI Ha
KoH(purypanust aroMoB  |OOmIKe MPUHIMITBI ONKCAHHUST MHOTOAJIEKTPOHHOT'O aTOMa. KOHTPOJIbHBIE
[Mpunnun [aynu u kBaHTOBO-MeXxaHH4YecKasi JOPMYITHPOBKa BOIIPOCHI,
npuHnuna [aynn. AToMHBIE 000JI0YKH U T01000I0UKH. BBITIOJTHEHHUE
DnexrpoHHas KoHpurypanus. CyMMapHbIe OpOUTAIBHBIH, KOHTPOJIBHBIX
CIIUHOBBIN U MOJIHBI MOMEHTHI MHOTO3JIEKTPOHHOTO aTOMa. pabor;
LS (nopmansnas) u jj-csi3u. CrekrpanabHbIe 0003HAYCHUS U TECTHPOBAHUE
npaBuiia 0TOOpa. 3arosHeHUe HIIEKTPOHHBIX 000JI0YEK B
aTomax. [lepronndeckas cucrema sneMeHToB MeHzeneena.
OneKkTpoHHAs KOHGUTYpaIysl M TpaBwiIa XyHJa.
8 |PentrenoBckoe TopMO3HOE U XapaKTEPUCTHUECKOE PEHTITE€HOBCKOE Pewenue 3anay;
N3ITy4eHHe n3nydeHne. Cepuu B CIIEKTPaX XapaKTEPUCTUIECKOTO OTBETHI Ha
n3nydeHust. OcoOEHHOCTH XapaKTePUCTHIECKUX KOHTPOJIbHbIC
PEHTI€HOBCKHX CTEKTPOB. 3akoH Mo3znu. Oco6eHHOCTH BOIIPOCHI;
CHeKTpa noriomuieHus. ToHKas CTpyKTypa peHTI€HOBCKUX BBITIOJTHEHHUE
CIIEKTPOB. KOHTPOJIBHBIX
pabor;
TECTUPOBAHUE
9 |CBoiicTBa aTOMHBIX sAEp OCHOBHBIE 3Tarbl pa3BUTHS (HU3UKH aTOMHOTO SI/Ipa U Pemenue 3anay;
9JIEMEHTApHBIX YacTUIl. MaciuTadbl SIBICHUI MUKPOMUDA. OTBETHI Ha
OO6mwe cBoiicTBa aToMHBIX saep. Hykiaonsr. M3oTorsl, KOHTPOJIbHBIE
n300apsl, N30TOHBL. [ITOTHOCTE SIEpHOTO BEIIECTBa. BOTIPOCHI;
W3mepennst B MUKPOMHUPE W €IUHALBI H3MEPEHHS BBINTOJTHEHHE
(u3HUECKNX BEINYUH B SIAEPHON (r3nKe. KOHTPOJIBHBIX
Pasmeps! u hopma sinep. IIpoToH-HEHTPOHHAS MOAETH SApA. pabor;
Sapsz sapa. Macca u aHeprus cBsi3u saapa. JedekT macc. TECTUPOBaHUE
VY nenbHast sHeprus cBsi3u. [lomysmnupudeckas Gpopmyia
Baiinzexkepa i1 sHEpruu cBs3u sapa. N-Z nquarpamma
aTOMHBIX sijiep. Maruueckue siipa. CtaOuibHbIe 1
panuoakTHBHBIE apa. CIIMH 1 MarHUTHBIH MOMEHT HYKJIOHOB
U sifpa. SIaepHslil MarHeToH. MeToibl ONpeneneHus CliHa U
MarHUTHOTO MOMEHTA sipa. SIIepHbIi MarHUTHBIN pe30HaHC.
CBepXTOHKasl CTPYKTypa CHEKTPANbHBIX IMHUNA. JIUIOIbHBII
1 KBaJIPyTIOJIBHBIA SJIEKTPHUECKIE MOMEHTEI spa.
KBaHTOBOMEXaHHYECKOE ONHACAHKE SNCPHBIX COCTOSTHUN.
UYetHOCTh BOTHOBOW (yHKIMH. BO30HEI 11 hepMHUOHEI.
puanun [Maymu. Cratuctuku saep. M3oTonmaeckuil cind
snpa. IIpocTpancTBeHHAs HHBEPCHs. 3apsI0BOE COMPSKEHHUE.
Oo6parenue Bpemenu. CPT-Teopema.
10 [Monenu aTOMHBIX siiep U |3apsaioBasi HE3aBUCUMOCTb SJIEPHBIX cuil. M3oTonuueckuii Pemenue 3anay;
CBOMCTBA ANEPHBIX CUI  |criuH. OOMEHHBIH XapakTep saepHbIX cril. CBOWCTBO OTBETHI HA
HaChILLEHUs AAepHbIX cuil. ['unore3a FOkaBbl. Me30HBI. KOHTPOJIbHBIC
Me3oHHast TEOPHUS AACPHBIX CHIT U TIOTeHITHaN FOKaBbI. BOIPOCEHL,
Heo6X0AuMOCTh MOZIENBHEIX IIPEACTABIECHHIA O Ape. BBITIOJIHCHAC
OHOYAaCTHYHBIE U KOJUIEKTUBHBIE MOaeH. KolIeKTHBHbIE KOHTPOJBHBIX
cBoiicTBa sizep. KanensHas Moznens siapa. O6macts pabor;
HpUMeHeHHs KanelbHoi Moaenu. HenocraTky kanensHOI TCCTUPOBAHNE
Mozeny. [loTeHman ycpeaIHeHHOTO SAEPHOTO OIS,
Omsmueckoe 000cHOBaHKE 000104edHOI Moenu siapa. CrinH-
opbuTarpHOE B3anMOoAeHCTBHE. Moeb AepHBIX 000JI09eK 1
Maru4ecKye 4nciia HyKJIOHOB. DKCIIEpUMEHTAIbHbIE
cieAcTBUs 000JI04EYHON MOJIENH SIpa U 00J1acTh ee
npuMeHenus. HemocraTku Moaesnu obosouek. Jledopmarius
snep. KonebaTenbHble U BpalllaTeIbHbIE COCTOSHUS SAEP.
O000111eHHAs: MOJIEJTB sIIpa M 00JIaCTh €€ IPUMEHEHHUSL.
11 |PagnoakTHBHOCTE PannoaxkTuBHbIE IpeBpateHus siaep. EcrecTBenHas u Pemenwe 3amau;

HNCKYCCTBCHHAA PAIMOAKTUBHOCTD. CTaTHCTUYECKHUI XapakKTep




panuoaKTHBHOTO pacraja. 3aKOHbBI PaJHOaKTHBHOTO paciasa.
PapnoakTuBHEIE ceMeiicTBa. BUIIBI painoakTHBHOTO pacIiaja.

Anpda-pacnaz saep. DHepreTHIecKoe pacCMOTPEHHE
anpda-pacnana. CekTpsl anbha-gacTril. 3aBUCHMOCTD
MepHoAa TMoTypacia/ia oT JHEPTuHU anb(a-JacTull. MexaHu3M
anbda-pacnana. TyHHETbHBIH P HEKT.

bera-pacnan sinep. Bunsr 6era-pacnaja.
DHepreruyeckuii criekTp Oera-yactui. Heltpuno u ero
CBOWCTBA. DKCIIEPUMEHTAIILHOE JOKa3aTeIbCTBO
CYLIECTBOBAHMS HEHTPHHO. DJIEMEHTHI TeOpHH OeTa-pacriaia.
Pa3zpereHnbIe 1 3anpemieHHbIe 0eTa-Iepexoabl.
Hecoxpanenune yeTHOCTH B OeTa-pacmase.
I'amma-usydenue saep. BepostHocTs ramMMa-miepexona u
npaBmiia 0T00pa. BHyTpeHH:s1 KOHBEPCHUS 3IEKTPOHOB.
SnepHas uzomepus. Pe3oHaHCHOE NOTJIOUIEHUE U3TyYEHUSI.
Dddext Meccbayspa u ero MpaKTHIECKOe IPUMEHEHHE.

OTBETHI HA
KOHTPOJIbHBIE
BOIIPOCHI;
BBIMIOJTHEHHE
KOHTPOJIbHBIX
pabor;
TECTHPOBAHUE

12 |SnepHble peakun SnepHble peakiyy, UX CHMBOJIMKA U Kiaccuukanus. | Pemenue 3amad;
3aKOHBI COXPAaHEHM B SACPHBIX PEAKLUAX. DHEPIUs PeaKlny. OTBETHI Ha
[IpsiMble aaepHBIe peakluy U peakluy, HAYIIHe Yepes3 KOHTPOJIbHBIE
00pazoBaHue COCTABHOTO spa. Mozenb COCTaBHOTO sjpa. BOTIPOCHI;
OHepreTuueckas cxema siaepHoi peakiuu. Ilopor BBITIOJIHEHHE
SHI03HEpreTHYecko peakiuu. MmynbcHas nuarpamMma amst KOHTPOJIBHBIX
siiepHOM peakuuu. VIMIybCHBIE UarpaMMbl pacCesiHUS B pabor;
SIIEPHBIX peaKUMsIX. 3aKOHBI COXPAHEHHs IIPH SIECPHBIX TECTUPOBAHUE
B3aMMOJAEHCTBUSAX. SnepHble peakin ¢ 00pa3oBaHuEM
KoMnayHJ sapa. PesoHaHcHbIe siaepHble peaknuun. @opmyna
Bpeilita—Burnepa. Peakiuu npsmMoro s1epHoro
B3auMoJeicTBus. Peakuuu cpeiBa. B3anmonelictsue
HEUTPOHOB C AapaMHu. S iepHble peakLy [0 JEHCTBUEM
JIETKUX 3apsDKEHHBIX YacTull (aabda-yacTull, MPOTOHOB U
neiTpoHoB). DOTOSAECPHBIC PEAKIIHH.
Jlenenne u cuHTe3 aTOMHBIX siaep. OCHOBHEBIE
SKCIEPUMEHTANbHBIE JaHHBIE O JEJICHUN U SHepreTHu4ecKue
YCIIOBHS JIeJIeHUsl. DIeMEeHTapHasi TEOpUs IeJICHUsL.
BeIHyXIeHHOE M CIOHTaHHOE JeneHne. Bropuunsie
HeUTpoHEIL. LlenHoil mponecce AAEpHOTo AENEHUS U €ro
MIPAaKTHYECKOE MPUMEHEHHE. Peakiuy Ha MEIVICHHBIX U Ha
OBICTpBIX HeliTpoHaX. TpaHCypaHOBEIE AIEMEHTHI. SInepHbIe
B3pBIBBL. SnepHble peakTopbl. CHHTE3 JIETKUX SAAEP.
Tepmosineprsie peakunu. [Ipobiemsl ypaBisieMoro
TEPMOSIEPHOTO CHHTe3a. SIIepHbIe peakiuy B 3Be3/1aX.
IIpOTOHHO-IPOTOHHBIN IMKII. YTIEPOAHO-a30THBIN LIMKIL.

13 |B3aumoneiicTBue O061mas XxapakTepUCTHKA B3aUMOICHCTBHS 3apsSKCHHBIX Pemenue 3anay;
AEPHOTO U3IY4YEHHUS C  |4acCTHIl, HEUTPOHOB U raMMa-KBaHTOB C BEIIECTBOM. OTBETHI Ha
BEILIECTBOM HoHn3ainoHHOE TOPMOXKEHUE 3apsKEHHBIX YacTHUI B KOHTPOJIbHEIE

BemiecTBe. [loTepu sHEpTUM Ha MOHU3ANHUIO U BO30YXKIeHHE BOTIPOCHI;
aToMoB. CBOOOTHBIH Npo0eT, 3aKOH MOTJIONIEHHS, JUTHHA BBITIOJIHEHHE
MOTJIOIIEHUS, PaJUalliOHHAs AJIMHA PACCESHUS, TIOTJIOEHHAsI |  KOHTPOJIBHBIX
no3a. Cesi3b mpoOera ¢ sHeprueil. Bzanumoneiicteue pabor;
HEITPOHOB C BEIIECTBOM. 3aMeIJICHUE HEUTPOHOB. TECTUPOBAHUE
IIpoxoxaeHre raMMa-Hu3IIy4YeHHs 9Yepe3 BEIECTBO.

buonorudeckoe aeiicTBrEe HOHU3UPYIOIUX U3Ty4YEHUH.

Jlo3umMeTpus U 3a1uTa 0T HOHU3UPYIOIINX H3ITY4YeHUH.

14 [Yactuusl u Yetbipe Tumna GyHIaMEHTAIBHBIX B3aUMOJICHCTBUH. Pemenue 3agay;

B3aUMO/IeHCTBUA KoHcTaHTH 1 paanychl B3auMoaeHcTBUA. I[puHIUIIET OTBETHI Ha
OMMCAHUS B3aMMOAEHCTBHS YaCTHUI] B KBAHTOBOH TEOPUHU KOHTPOJIbHEIE
nois. [lepenocunku B3aumopenctsus. [lonsarue o BOTIPOCHI;
nmuarpammax @eitamana. Kiaccnduxamus sneMeHTapHbIX BBITIOJIHEHHE
yactul B pamkax CtannaptHoit Moaenu. YacTuiisl u KOHTPOJIBHBIX
B3anmozeicTBus. Knaccudukanus 3neMeHTapHbIX YaCTHII. pabor;
OCHOBHBIE XapaKTepUCTUKH dacTHI. KannOpoBodHbie TECTUPOBAHUE

6030HBI, JICOTOHBI U aAPOHBI. q)yH,I[aMeHTaIILHBIe YaCTHUIEI.
KBanToBbIe uncia OJICMCHTAPHBIX YaCTHII. Yactuier u




anTnyacThisl. [Iponeccs! anHnTIIIAINHA. BO30YXneHHbIE
COCTOSTHHS a{pOHOB. YacTUIIBI-PE30HAHCHI. 3aKOHBI
COXPaHEHHs B MUPE 3JIEMEHTaPHBIX JaCTHIL.
15 |OxcnepumenTsI B hr3nke | DKCIePIMEHTAIBHBIE METOBI B (PU3MKE BRICOKUX YHEPTUii. Pemenne 3amay;

BBICOKHX SHEPrui OO6mmue TpeOoBaHMS K H3MEPUTEIHHBIM NprOopaM. MeToabt OTBETHI Ha
peructparnuu yactuil. Knaccupukanus 1eTeKTopoB KOHTPOJIbHbIC
QJICMCHTAPHBIX YaCTUIl U paJHOAaKTUBHBIX HSHyHCHHﬁ. BOIIPOCHKHI;
SKCHepI/IMeHTaJ'H)HBIe METOABI U3YUYCHUA ANCPHBIX peaKuHﬁ. BBITIOJTHCHHC
O6H_[I/Ie MIPUHIHUIIBI YCKOPCHUA 3JIEMCHTAPHBIX YaCTHUIl U AAEP KOHTPOJIbHBIX
1 QU3NYecKue MPUHINIBI pabOThl YCKOPHUTEIEH. pabor;
Knaccudukanus yckopurenei sneMeHTapHbIX YacTHII. TECTUPOBAHUE
[TonsTHE O COBpEMEHHBIX METOAAX MOTYIEHHS ITyIKOB
BBICOKHX dHepruil. Hakommrenu wactuil. Berpednsie mydkm.
Peaximu ¢ yactuniamu. B3anmoneicTBus M pactiaibl YaCTHIL.

16 |duckperHsle cumMeTpun [CUMMETPUU H 3aKOHBI coxpaHeHus. [IpocTpaHcTBeHHAs Pewenue 3anay;
nHBepcus. P-ueTHOCTh. 3aK0OH coxpaHeHus: P-ueTHOCTH. OTBETHI Ha
3apsmoBoe compspkeHue. 3apsaoBas yeTHocTs. CP-unBepcus. KOHTPOJIFHEIE
Ob6pamienue Bpemenn. HecoxpaHeHne pocTpaHCTBEHHON U BOIIPOCHI;
3apsI0BOM YETHOCTH B C1a0bIX B3auMoeiicTBusix. CPT- BBIIIOJIHEHUE
HMHBapHUaHTHOCTh. DKCIIEpUMEHTaIbHAs IPOBEepKa KOHTPOJIBHBIX
WHBAPUAHTHOCTH PA3JIMYHBIX TUIOB (yHIaMEHTAIbHBIX pabor;
B3anmozercteuil. CP-ipeobpazoBanue. Ko-Me30HBI. TECTUPOBAHUE
Hapymenne CP-cummerpuu B pacnage Ko-Me30HOB.

2.3.3. JIaGopaTopHble 3aHATHA

Cornacao y‘le6HOMy IJIaHy J'Ia60paTOpHLIC 3aHATUA 110 HaHHOﬁ JUCHUIIIIMHE HC
IIPELYCMOTPEHBI.

2.3.4 lIpumepHas TeMATHKA KyPCOBBIX padoT (MPOEKTOB)

CornacHo yuyeOHOMY IUIaHY KypcoBble paboThl (IIPOEKThI) MO JAHHOM IUCLMILIMHE He
IIPELYCMOTPEHBI.

2.4 TlepeyeHb y4eOHO-METOAUYECKOTO o0ecriedeH sl JIsl CAMOCTOSITe/IbHOI padoThI
o0y4arommxcst N0 JMCHUILIHHE (MOIYJII0)

Bug CPC

HepequL y‘le6H0-MeTOI[I/I‘IeCKOFO obecneueHus JUCHUILINHBI I10
BBIIOJIHEHHIO CAMOCTOSITEILHON paGOTLI

[TpopaboTka yaebHOTr0O
(TeopeTudeckoro MaTepuana),
MOATOTOBKA K TEKYILESH 1
[IPOMEKYTOYHOM aTTeCTalluu
(3auéry, TECTAM H BOIIPOCAM)

1. Meroaudeckue yKa3aHus 110 OPraHU3aIK CAMOCTOSTEIILHOW pabOTHI
CTYICHTOB, YTBEPXKICHHBIC Kadeapoil ONTOIIECKTPOHUKH, TPOTOKOI Ne 6 oT
«01» mapta 2017 r.

2. Atomuas ¢usmka: yueOHO-MeTonnueckoe mocobue / [A.Il. bapkos, B.C.
Hopom, B.E. JIsicenko u ap.]; M-Bo oOpazoBanus u Hayku Poc. @eneparum,
Kyb6anckuit roc. yH-T. — KpacHomap: [KyOaHCKuil TroOCyIapCTBEHHBIH
yHuBepcurert], 2016.

3. DnextpoHHbI Kypc «®Du3uka atomay» (BKIo4aeT B ceOs: 1) 31eKTpOHHBIN
KypC JIEKIIUi; 2) KOHTPOJbHBIC BOMPOCKHI MO pasleiaM y4eOHOro kKypca; 3)
MIPaKTHYECKHE 33aHKs 110 pas3zienaM y4eOHOro Kypca; 4) TeCTHl 110 pasaeiam
Y4e0HOTO Kypca); pexKHM JOCTyIa:

http://moodle.kubsu.ru/

4. Nponos WN.E. KBanroBas ¢uznka. OCHOBHBIE 3aKOHBI: yuyeOHOe mocobue
[OnexTponHBIt pecypc]: yueb. mocobme — ONeKTpoH. JaH. — MockBa:
WznmatensctBo «Jlaboparopus 3HaHUY, 2017. — 261 ¢. — Pexxum mocryma:
https://e.lanbook.com/book/94103

5. Uponos N.E. 3amaun mo obmeli pusuke [DmeKTpoHHBI pecypc]: yueOHOe
mocobue st By3oB / Uponos, M.E. — 11-e u3n. — M.: JIaboparopus 3HaHUiA,
2017.—434 c. — Pexxum noctymna:
https://e.lanbook.com/book/94101




6. CasenneB U.B. Kypc dusuku [OnexkTpoHHBI pecypc]: yueOHOe mocodue: B
3 1. T.3: KsanroBas onrtuka. AToMHas (pusuka. Ou3mka TBEpAOro Teia.
Om3mMKa aTOMHOTO sAapa M 3neMeHTapHbIX dactull / Casense . B. — CII6.:
Jlanb, 2018. — 308 c. — Pexxum mocryma:
https://e.lanbook.com/book/9824 7#authors

7. Myxun K.H. DxcniepumenTanbHas siaepHas ¢puzuka. B 3-x T1. T. 1. ®uzuka
aTOMHOTO siipa [DNeKkTpoHHbBIN pecypc]: yueb. — DnektpoH. naH. — CaHKT-
[etepOypr: Jlanb, 2009. — 384 c. — Pexxum nocryma:
https://e.Janbook.com/book/277

8. Myxun K.H. DkcniepumenTtanbhas siaepaas ¢pusnka. B 3-x 1. T. 2. dusnka
SIIEPHBIX peakiyii [DIeKTpOHHbIH pecypc]: yued. — DnekTpoH. naH. — CaHKT-
[etepOypr: Jlanb, 2009. — 326 c. — Pexxum mocryma:
https://e.Janbook.com/book/279

9. Myxun K.H. OkcniepumenTtansaas saepHas pusuka. B 3-x 11. T. 3. Odusnka
3JIEMEHTAPHBIX YacTUI] [DIEKTPOHHBIA pecypc]: y4ed. — DIeKTpoH. JaH. —
Canxkr-IlerepOypr: Jlans, 2008. — 432 c. — Pexxum moctyma:
https://e.lanbook.com/book/280

10. Myxun K.H. DxcnepumenTtanbHas saepHast Gpusuka: ydeOHuK: [B 3 T.] /
T. 1: ®uzuka atomHoro sapa. U3a. 6-e, ucnp. u gon. — CII6. [u np.]: Jlans,
2008.

11. Myxun K.H. OxcnepumMenrtansHas snepHas ¢usuka: yuyeOHuK: [B 3 T.] /
T. 2: ®usuka snepHbIX peakiwii. 3. 6-e, ucnp. u gon. — CII6. [u np.]: Jlass,
2008.

12. Myxnn K.H. DkcniepumenTtanbHas siaepHas ¢usnka: yaeOHuk: [B 3 1.] /
T. 3: ®usuka snemeHTapHpIX yactuil. Uzna. 6-e, ucnp. u gon. — CII06. [u ap.]:
Jlann, 2008.

HO,Z[FOTOBK& K IMPaAKTUICCKUM
3aHATHAM

1. MeTtoaudeckue yka3aHus 10 OPraHU3aIK CAMOCTOSTEILHON PabOTHI
CTYZIEHTOB, YTBEP)KJICHHBIE Ka(heApOil ONTONIEKTPOHUKH, TPOTOKOI Ne 6 oT
«01» mapta 2017 1.

2. AtomHas ¢u3uka: yueOHo-MeToauyeckoe nocodue / [A.Il. bapkos, B.C.
Hopom, B.E. JIsicenko u np.]; M-Bo ob6pa3zoBanust u Hayku Poc. enepaun,
Kybanckuii roc. yH-T. — KpacHomap: [KyOaHckuii rocynapcTBeHHBIN
ynusepcurert], 2016.

3. DnexTpoHHEIH Kype «®Du3uka atoma» (BKIo4aeT B ceOsi: 1) 21eKTpOHHBIN
KypC JIeKnui; 2) KOHTPOJIbHBIE BOIPOCH! IO pasfeiaM ydeOHoro Kypca; 3)
MIPaKTHYECKHE 33JaHMs 10 pa3zienaM ydeOHOro Kypca; 4) TeCTHI 110 pasaenam
y4eOHOT0 Kypca); PexXHUM JIOCTyIa:

http://moodle.kubsu.ru/

4. UpomoB W.E. KBanToBas ¢usuxa. OCHOBHBIE 3aKOHBI: ydeOHOe mocoOme
[OnexTponHBI pecypc]: yueOd. mocobme — OneKTpoH. HdaH. — MockBa:
WznatensctBo «Jlaboparopus 3HaHui», 2017. — 261 c. — Pexxum pocryma:
https://e.lanbook.com/book/94103

5. Upomos U.E. 3amauun mo oOreli pusrke [DIeKTpoHHBIH pecypc]: yueOHoe
nocobue s By3oB / Mponos, UL.E. — 11-e u3n. — M.: JIaGoparopus 3HaHUH,
2017.—434 c. — Pexxum noctyna:
https://e.Janbook.com/book/94101

6. CasennseB U.B. Kypc duzuku [OnexkTpoHHBI pecypc]: yueOHOe mocodue: B
3 1. T.3: KsanroBas onrtuka. AToMHas (msuka. Ou3mka TBEpAOro Teia.
Om3mMKa aTOMHOTO sapa U deMeHTapHbIX dactull / CaBenses . B. — CII0.:
Jlanb, 2018. — 308 c. — Pexxum mocryma:
https://e.lanbook.com/book/9824 7#authors

7. Myxun K.H. DxcniepumenTanbHas siaepHas ¢puzuka. B 3-x T1. T. 1. ®uzuka
aTOMHOTO siipa [DeKTpoHHbBIH pecypc]: yued. — DnektpoH. naH. — CaHKT-
[etepOypr: Jlanb, 2009. — 384 c. — Pexxum nocryma:
https://e.Janbook.com/book/277

8. Myxun K.H. DkcniepumenTtanbhas siaepaas ¢pusnka. B 3-x 1. T. 2. dusnka
SITEPHBIX peaknuil [ DIeKTPOHHEIN pecypc]: yued. — DiekTpoH. naH. — CaHKT-
[etepOypr: Jlanb, 2009. — 326 c. — Pexxum mocryma:
https://e.lanbook.com/book/279

9. Myxun K.H. DxcniepumenTanbaas saepHas ¢pusuka. B 3-x T1. T. 3. Onznka
AJIEMEHTAPHBIX YacTUI] [DIEKTPOHHBIA pecypc]: y4ed. — DIeKTpoH. JaH. —
Canxkr-IlerepOypr: Jlans, 2008. — 432 c. — Pexxum moctyma:
https://e.lanbook.com/book/280




10. Myxnua K.H. DkcniepumenTtanbHas saepHas ¢usnka: yaeOHuk: [B 3 1.] /
T. 1: ®usuka aromuoro sapa. Mza. 6-e, uctp. u gon. — CII6. [u np.]: Jlass,
2008.

11. Myxun K.H. DxcnepumenransHas sinepHas ¢usuka: yaeOHuk: [B 3 1.] /
T. 2: ®us3uka snepHbIX peakiwid. U3a. 6-e, ucnp. u gon. — CII6. [u op.]: Jlans,
2008.

12. Myxun K.H. DxcnepumenrtanbHas saepHast Gpu3uka: ydeOHuK: [B 3 T.] /
T. 3: ®usuka sneMeHTapHbIX yacTuil. V3a. 6-e, ucnp. u gomn. — CII0. [u ap.]:

Jlanp, 2008.

3 |[loaroroBka K BbIONHEHUIO |1. MeTomuueckne ykazaHHs 110 OpraHu3anui CaMOCTOATENLHOM padoThI
nabopaTopHBIX padoT. CTY/ICHTOB, YTBEpP)KJCHHBIE KahepOil ONTOIEKTPOHUKH, TPOTOKOI Ne 6 OT
Odopmienne Texanaeckoro |«01» mapra 2017 r.
0Tu€Ta 10 JTa00PATOPHBIM 2. AromHas ¢u3uka: yueOHo-Meroanyeckoe mocodue / [A.Il. bapkos, B.C.
paboram. Hopom, B.E. JIeicenko u ap.]; M-Bo oOpa3zoBanus u Hayku Poc. @eneparum,

Ky6anckuit roc. yH-T. — KpacHomap: [KyOaHCKuil TroCyIapCTBEHHBIH

yauBepcuret], 2016.

Y4eOHO-MeToIMYeCKue MaTepualibl Uil CaMOCTOATENbHOM paboThl 00yyaromuxcs H3
YHUCJIa MHBAIUIOB U JIUI] C OTPAaHUYCHHBIMH BO3MOXXHOCTAMH 370poBbs (OB3) nmpenoctasisitorces
B hopMax, aJalTHPOBAHHBIX K OTPAHUYECHUAM HX 370POBbS M BOCIPUATHS HH(OPMALIHH:

JUig auL ¢ HapyIIeHUSIMU 3PEHUS:

— B [1€4aTHOW (hopMe YBEIIMUECHHBIM HIPUPTOM,

— B (popMe JIEKTPOHHOTO IOKYMEHTA,

— B (popme ayauodaiina,

— B ieyaTHOM popme Ha si3bike bpaiins.

Jlnst a1 ¢ HapyIIEeHUsIMH CiTyXa:

— B IIle4aTHOU opme,

— B (popMe PIIEKTPOHHOT'O TIOKYMEHTA.

Jljig au1 ¢ HapyHIeHUSIMU OIIOPHO-JBUTaTEIbHOIO anmnapara:

— B I1e4aTHOM (opme,

— B (hopMe JIEKTPOHHOTO IOKYMEHTA,

— B (popme ayauodaiina.

JlaHHBIN TIepedeHb MOXET OBITh KOHKPETH3MPOBAH B 3aBUCHMOCTH OT KOHTHHICHTA
00y4aromuxcs.

3. OOpas3oBaTeJbHbICe TEXHOJIOIMH, NPHMEHsieMble NPH OCBOCHHMH JHCHUIINHBI
(MoayJin)

B xome wu3yuyeHus [OUCLMIUIMHBI IIPEAYCMOTPEHO HCIIOIB30BAHME  CIIEIYIOLIUX
00pa30BaTeNbHbIX TEXHOJOTUM: JIEKIIMH, TPAKTUYECKUE 3aHATHSI, 1a00paTOPHBIN KOMIIBIOTEPHBIN
IOPaKTUKYM, pa3paboTKa MporpaMM YHMCIEHHOTO pacyeTa OCHOBHBIX XapaKTEPUCTHK, IOMALITHHUE
3a/laHusl, TECTUPOBAHME, 3alIUTa J1a0OpaTOPHBIX PAadOT, KOHCYJbTALMM C MpernojaBaTelieM,
caMOCTOsITeNIbHAasE paboTa CTYICHTOB (M3y4YeHHE TEOPETUYECKOro MaTepualia, MOATrOTOBKAa K
INPAKTUUECKUMU 3aHATHUSIM, MOATOTOBKA K JIaOOPATOPHBIM 3aHSTHUSIM, BBIIIOJHEHHE JOMAIIHUX
3aJaHuii, TOATOTOBKAa K TECTUPOBAHMIO, 3a4eTy WM 3K3aMeHy). NpobiemMHoe oOydeHue,
MOJ1yJIbHasl TEXHOJIOTHSI, CAMOCTOSITENIbHAs paboTa CTy/I€HTOB.

J1s mpoBeICHUS YaCTH JIEKLIMOHHBIX 3aHATUI UCIIONb3YIOTCA MYyJIbTUMEIUIHBIE CPEICTBA
BOCIPOM3BEICHUS AKTUBHOTO COJIEP)KUMOTO (3aHATHS B UHTEPaKTUBHOM (popMe), O3BOJISIOLIETO
CTYACHTY BOCIPUHUMATh OCOOCHHOCTH U3y4yaeMOH TUCIMILIMHBI, UTPAIOIUE PEIIAOLIYI0 POJIb B
NOHUMAHUU U BOCIPHITHH, a TakkKe B (POPMHUPOBAHUU MPOPECCHOHANBHBIX KomneTeHuui. [1o
pALy TeM JUCLUIIIUHBI JIEKIUHU IPOXOJAT B KIIACCUYECKOM CTUJIE.

KoMneTeHTHOCTHBI NOAXOA B paMKax IPEnoJaBaHUs IJUCLUIUIMHBI pPEaau3yercs B
UCIIOJIb30BAaHUM HHTEPAKTUBHBIX TEXHOJIOTUH M AKTHUBHBIX METOJOB (TMPOEKTHBIX METOIUK,
MO3rOBOTO IITypMa, pa30opa KOHKpPETHBIX CHUTyallud, aHajgu3a [eJaroruyeckux 3ajaad,
[e1arorMyecKoro 3KCIepruMeHTa, HHBIX (OPM) B COUETAaHUU C BHEAYAUTOPHOM pabOTOM.




NHudpopmallMOHHbIE  TEXHOJOIHH,
UCTIONBb30BaHUEe  HMH(OPMAIIMOHHBIX
TEJIEKOMMYHUKAalMOHHOM ceTh VIHTEpHeT.

[lo usyyaemoil DUCHMIUIMHE CTYAEHTAM IIPENOCTABIIAETCS BO3MOXKHOCTH I10JIb30BAThCS
y4eOHO-METOIUUYECKUMHU MaTepualaMd M PEKOMEHAALUSAMH, Pa3MELICHHBIMH B 3JIEKTPOHHOU
uH(popMaIoHHo-00pa3zoBaTenbHOM cpene Moaynbaoro unamuueckoro O0yuenus Kyol'y.

Takum 00pa3oM, OCHOBHBIMH 00pa30BaTe/IbHBIMU TEXHOJIOTHAMH, HCIO/Ib3yeMbIMH B
y4eOHOM Tmpouecce, SIBISIOTCA: HMHTEPAKTUBHAs JEKUUS C MYJIbTUMEIUHHOM CHCTEMON U
aKTUBHBIM BOBJICUCHMEM CTYJEHTOB B y4eOHbIM mporecc; O0OCYyXICHHE CIOXKHBIX U
JMCKYCCHOHHBIX BOIIPOCOB M MPOOJIEM M € MOCIEIYIOIUM pa3dopoM 3STHX BOIPOCOB Ha
NPaKTUYECKUX 3aHATHUAX; J1abOpaTOpHble 3aHATHS — paboTa CTYJEHTOB B MabIX IpyMNIax B
peKUMax B3aUMOJEHCTBUSI «IIPENOJABaTENb — CTYJAEHT», «CTYJIEHT — MPENOIaBaTeNby, «CTYACHT —
cryneHT». [Ipu mpoBeleHnH MPaKTHYECKUX M J1a0OpaTOPHBIX YUEOHBIX 3aHATHH IPETyCMOTPEHO
pa3BuTHe Yy OOYYarOIIMXCSl HAaBBIKOB KOMAaHJHOW pabOThl, MEXIMYHOCTHOM KOMMYHUKAIWH,
NPUHATHS PEIIEHUN U JTUIEPCKUX Ka4eCTB.

AnanTuBHble 00pa30BaTENbHbIE TEXHOJIOTUH, IPUMEHSEMBIE ITPU U3yUYEHUH AUCLUIIIMHBI
— JUId JIAL C OrPAaHWYEHHBIMHU BO3MOXHOCTSIMU 3J0POBbsS IIPEJYyCMOTPEHA OpraHu3anus
KOHCYJIBTALIUM C UCIIOJIB30BAHUEM JIEKTPOHHOM IIOYTHI.

IIPUMEHSAEMbIE [PU  HU3YYECHUM JAUCLUIUIMHBI:
pecypcos, JOCTYIIHBIX B nH(OPMAIIMOHHO-

4. OIIeHO'lHLIe Cpeacrea AJisi TEKYIIETro KOHTPOJIA YCII€BACEMOCTH U HpOMe)KyTO‘lHOﬁ
aTrecTalumn

O1eHOYHBIC CpelCTBA TPEIHA3HAYCHBI i KOHTPOJSL M OICHKH O0O0pa30oBaTeIbHBIX
JOCTHKEHUH OOYYarOIIUXCsl, OCBOMBIIMX IMporpamMmy ydeOHOW muctmrmuiuabl  «Lludposas
00paboTKa CUTHAIIOBY.

OrneHOYHBIEC CPECTBA BKIIOYAIOT KOHTPOJIbHBIE MATEPUAIIBI JIsl IPOBEICHUSI TEKYIIEro
KOHTPOJIA B (OpMe OTBETOB Ha KOHTPOJIBHBIC BOIPOCHI, BHITIOJHEHUS MPAKTUICCKUX U TECTOBBIX
3a/laHui, TOJITOTOBKE [OKJIAJOB-NPE3CHTAMNA 10 TeMaM pedeparoB U MNPOMEKYTOUHOM

aTTeCTallum B (1)OpM€ BOIIPOCOB JId IMOATOTOBKH K 3a4€Ty U PCIICHUA 3a1a4.

CprKTypa OLCHOYHBIX CPEACTB MJIA TeKyIlIeﬁ H l'lpOMe)KyTO‘-lHOﬁ aTrreCTalumn

Kon u HanmenoBanue

HaumenoBaHue o1ieHOYHOIO CpeacCTBa

3HaHUA B 007IaCTH (PU3UKU
7 pagropU3NUKA 1
HCIIOJIb30BATh UX B
npoeccHoHaTFHON
JesATeIbHOCTH, B TOM
gmcie B chepe

METO/OJIOTHIECKHUE
OCHOBaHHS M30paHHOI
o0racTu PU3UKY U
panroQI3NKN
NOIIK-1.2 ITorumaer

TIpeCTaBICHUS 00
ATOMHOM CTPOCHHH
BEIIIECTBA, OCHOBHBIE
3aKOHBI, UIEH U
MIPUHLIMIIBI ATOMHOM
(hM3MKH, NX CTAHOBJICHHE

NeAAroruYecKou U pa3BUTHE B
JIEATEIILHOCTH HUCTOPUYECKOH

1 HOIIK-1.1 ITonumaet MOCIIEI0BAaTEILHOCTH, UX
TEOPETUYECKHUE U MaTeMaTH4ecKoe

OIMUCaHUE€, TCOPCTUICCKOEC
HCCICI0BaHUEC U
IPAKTUYCCKOC
HCII0JIb30BaHUEC,

— COBPEMEHHBIE METOAbI

aKTyaJbHEIE IPOOTIEMBI B | (PU3UKO-

TEHJCHIINH Pa3BUTHS MaTeMaTH4eCKOTro
COOTBETCTBYIOLICH MOJEIUPOBaHUsA U
Hay4YHOI 06JacTu 1 TEOPETHYECKOTO
obuactu WCCJIeIOBAaHUS SIBIICHUN

Bompocs! 11t ycTHOTO
(IMCBEMEHHOTO) OTIpoca 1o
TeMe, pa3ierny

Pedepar, moxman,
COO0O0IIIEHHE, dCCe

Tect no Teme, pasaeny

Ne Pesynbrarsl 00yueHus
HWHIUKaTOpa . [IpomexyTounast
n/m (B cootBercTBUM C 11. 1.4) Texyuuii KOHTPOJIb
(B cooTBeTcTBUMM C 1I. 1.4) aTTecTalus
OIIK-1 Cnocoben 3HATh: Pabouas terpann Bonpocs! Ha
MIPUMEHSATH Oa30BbIE — COBpEMEHHBIE JlabopartopHas pabora JK3aMeHe




podecCHOHATBHON
JEeSITEIIHOCTH

(hm3KKH aToMa, METOBI
HAOIIOJICHAS aTOMHBIX
SIBIICHUM, UX
SKCIIEpUMEHTAIBHOE
HCCIICIOBAaHHE U
NPaKTHYECKOE
HCTIOb30BaHUE;

— IIPUHLIKAIIBI YCTPOMCTBA
1 (yHKIMOHUPOBAHUS
9KCIEPUMEHTAIIBHBIX
TIpuOOPOB IS
HCCIICIIOBAaHUS
BHYTPEHHETO CTPOCHUS
aTOMOB;

— COBPEMEHHBIE
MIPEICTaBICHUS O
CBONCTBax U CTPYKType
ATOMHBIX sJIep, OCHOBHBIE
3aKOHBI, UJIeH U
TPHUHITUIE] PH3UKH SIpa
Y 2JIEMEHTapHBIX YaCTHUI]
B X HCTOPUYECKOM
CTaHOBJICHUH U PAa3BUTHUH,
METOJIBI (PU3UKO-
MaTeMaTHIeCKOTO
MOJICIPOBAHUS U
TEOPETHYECKOTO
HCCIIEIOBaHUS SIBICHUN
(hU3MKKM ATOMHOTO s/Ipa U
AIIEMEHTAPHBIX YaCTHIL;
— 9KCIepUMEHTAIbHBIE
METOJIbI U3Y4YEHHS
SJIEPHBIX peaKuuii,
TIPUHIUTIB YCKOPEHUS
JJIeMEHTAPHBIX YaCTHI] U
sanep, Gu3nIecKue
MIPUHIAIEI paboTHI
YCKOpUTETEH
3JIeMEHTApPHBIX YaCTHUI] U
UX KJaccu(UKaIHIO;

— MPaKTUYECKUE METOJIbI
PETUCTpaIiy U aHAIHU3a
3apsDKCHHBIX YaCTHIL;

— TIPUHIMITEL YCTPONCTBA
1 (yHKIMOHUPOBAHUS
IKCIIEPUMEHTAIBHBIX
puOOPOB KaK IS
HCCIICIIOBAaHUS S1ep U
3JIeMEHTapHBIX YaCTHII,
TaK ¥ UL PETUCTPAIHN 1
aHaIN3a 3apsHKEHHBIX
Y4acTuIl.

YMeEThb:

— C HAyYHOU TOYKU
3pEHHUS] OCMBICINBATH U
MHTEPIPETHPOBATh
OCHOBHBIE TTOJIOKEHUS
ATOMHBIX SIBIICHUH,
OIICHUBAThH MTOPSIKI
(hM3MIECKUX BETHUYNH,
HCTIONIb30BaTh
MIOJTyYCHHBIEC 3HAHUS B
pa3IMYHBIX 00JIACTSIX




(u3mueckoil Hayku 1
TEXHUKH;

— B [IPAKTUYECKON
JESITEIbHOCTH IPUMEHSTh
3HAHUSA O QPUINIECKUX
CBOHCTBaX OOBEKTOB H
SIBJICHUU JJIs1 CO3/1aHHUs
TUIIOTE3 U TECOPETUUCCKUX
Mojiefiel, MPOBOIUTH
aHaJIM3 TPaHUI] UX
MIPUMEHUMOCTH;

— IIPUMEHSThH
COOTBETCTBYIOLINE
METO/IbI TIPOBEACHHSA
(uznIecknx
UCCIIEIOBAaHUN U
U3MEpEHUi;

— IMIPUMEHATH OCHOBHLIC
METOJIbI (PH3HKO-
MaTeMaTH4ecKoro
aHaJIM3a ISl pelIeHHs
€CTECTBEHHOHAYYHBIX
3a7a4 U PU3NIECKOTO
MOJICTUPOBAHHS B
TIPOM3BOACTBEHHON
MPaKTHKE;

— IPUMEHATH UMEIOIINECS
TEOPETHUECKHE 3HAHUS
JUISl TIPOBE/ICHHS 1
MCTOJIKOBAHUSI
9KCIEPHMEHTOB;

— HacTpauBaTh U
9KCIUTyaTHPOBaTh
9KCIEPUMEHTAIbHBIE
TIpUOOPHI A
HCCIIEIOBAHUS
BHYTPEHHETO CTPOEHHS
aTOMOB;

— IPUMEHATH UMEIOIIIECS
TEOPETUYECKHE 3HAHUS
JUISl TIPOBE/ICHHS 1
WCTOJIKOBAHUSI
9KCIEPHMEHTOB;

— C IOMOIIIBIO
a/IEKBAaTHBIX METO/IOB
OLICHUBATh TOYHOCTh U
TIOTPEITHOCTD
TEOPETHYECKHUX PACUETOB
1 U3MEPEHU,
aHaJIM3HMPOBATh
(u3nIecKui CMBICI
TMMOJIYUYCHHBIX
pe3yIbTaTOB;

— IIPUMEHSITH MOJTyYeHHbIE
3HaHMSA JJISI IPABUIBHOM
MHTEPIPETALUH
OCHOBHBIX SIBIICHUH
(uzukuy sapa u
3JIEMEHTapHBIX YaCTHUI] U
HaJUIeKallell OIeHKU
MOPSAKOB (PU3NIECKUX
BEJINYNH;




— IIPUMEHSTh
COOTBETCTBYIOIINE
METO/IbI TIPOBEACHHS
(uznaecknx
UCCIIEIOBAaHUN U
U3MEpEHU;

— NIPUMEHSATH OCHOBHBIE
METOJIbI (PH3HUKO-
MaTeMaTH4ecKoro
aHaJIM3a TSl peleHus
€CTEeCTBEHHOHAYYHBIX
3a1a4 U PU3NIECKOTO
MOJICTUIPOBAHHS B
MIPOU3BOJCTBEHHOM
MPaKTHKE;

— IPUMEHSITh MOTyYCHHBIC
TEOpeTHYECKHE 3HAHUS
JUISL pellIeHUsT
KOHKPETHBIX MPUKIIaIHBIX
3aJa4 B
npoheCCHOHATBHOMN
00J1acTH,

— C IOMOIIIBIO
a/IeKBAaTHBIX METO/IOB
OLIEHUBATh TOYHOCTH U
MOTPENTHOCTh
TEOPETHYECKHUX PACUETOB
Y 3KCIEPHMEHTAIbHBIX
U3MepeHui,
aHaJIM3UPOBATh
(usmuecKuii CMBICT
MOJTY4EHHBIX
pe3yabTaToB.

BJA/IeTh:

— METOZaMH IIPOBEICHNUS
(huzngeckux
UCCIIEIOBAaHUN U
W3MEpEHUH;

— HaBBIKaMH [IPUMEHEHHS
OCHOBHBIX METOJIOB
¢usmko-
MaTeMaTH4ecKoro
aHaJIM3a TSl peleHus
€CTECTBEHHOHAYYHBIX
3a1ay;

— HaBBIKaMU 00pabOTKH U
HMHTEPIIPETUPOBAHUSA
pe3yabpTaToB (pu3nKo-
MaTeMaTH4eCKOTro
MOJICTIMPOBaHUS,
TEOPETHYECKOTO pacdeTa
Y 9KCIEPHUMEHTAIBHOTO
UCCIIEIOBAHHUS;

— HaBBIKaMH MPaBIILHOM
9KCIUTyaTallli OCHOBHBIX
npudopoB u
o0opymoBaHUs
COBPEMEHHOMN
(huzngeckoit
nabopaTopuu;

— HaBBIKaM¥ 00pabOTKH U
MHTEPIPETHPOBAHUS




pe3yabpTaToB
9KCIEPUMEHTa;

— HaBBIKaMH MIPUMEHEHHS
MOJTy9EHHBIX
TEOPETUYECKUX 3HAHUN
JUTSL peLeHNs
MPUKJIAJHBIX 3a1a4;

— METOJaMHU IIPOBEIECHUA
(busnyeckux
UCCIIeIOBAaHUN U
U3MEPEHUN;

— HaBBIKaMH MIPUMEHEHHS
OCHOBHBIX METOJIOB
¢uznko-
MaTeMaTH4eCcKOTro
aHaJIM3a 7Sl PEIICHHS
€CTCCTBCHHOHAYYHbIX
3an1ay;

— HaBbIKaMHU 00pabOTKH U
UHTEPIPETUPOBAHUS
pe3yabTaToB pusnKo-
MaTeMaTU4eCKOro
MOJICTUPOBAHHS,
TEOPETHYECKOTO pacdeTa
7 3KCIIEpPUMEHTAIBHOTO
UCCIIEJOBAHMUS;

— HaBBIKaMH MIPUMEHEHHS
MOTy9EHHBIX
TEOPETUUECKUX 3HAHUI
JUISL pelLeHNs
PUKJIAJHBIX 33/1a4.

TunoBbie KOHTPOJIbHBbIE 32JaHUS] MU HHbIE MAaTepPUAJIbl, HEO0X0AMMBbIe /IJI OLlEHKH
3HAHM, yMEeHHUIi, HABBIKOB U (MJIH) ONBITA AeATeJIbHOCTH, XapaKTePU3YIOIIHNX 3TANbI
¢GopmMupoBanus KoMIeTEeHIIMI B IIpolecce 0CBOCHUA 00pa30BaTeIbHOI MPOrpaMMbl

IlepeyeHb BOPOCOB U 3aIaHU

1. KoHTpOIBbHBIE BOIPOCHI 110 Y4eOHOH IporpaMmme.

2. [IpakTrueckue 3agaHus 10 y4eOHOM MporpaMMme.

3. KonrtposnbHble paboThI 110 y4eOHOM mporpaMmme.

4. Temsl pedepaToB 1Mo yueOHOM mporpaMme.

5. TecToBbIe 3agaHus 1O yU4EOHO Mporpamme.

6. 3aueTHO-PK3aMEHALIMOHHBIE MaTepUabl AJIsl IPOMEXKYTOUYHOM aTTecTaluu (IK3aMeH)

KoHTpoJibHBIE BOPOCHI 110 Y4eOHO Mporpamme
AtoMHas puzukKa

Paznea 1.

B uemM 3akmrodaercs  €QMHCTBO  KOPIYCKYJSIPHBIX U BOJHOBBIX  CBOMCTB
3JIEKTPOMArHUTHOTO U3JIy4eHUs?

Kakue sABieHUS SABISAIOTCS SKCIEPUMEHTAIBHBIM JOKA3aTEIbCTBOM KBAaHTOBBIX CBOMCTB
U3ITy9CHHS? €T0 BOJIHOBBIX CBOMCTB?

Kakue xapakTepucTuku (poTOHA ONMPEEIISAIOT €ro KOPIMYCKYJIsIpHbIe CBOICTBAa? BOJIHOBBIC
cBoiicTBa?

Bripasute maccy (hoToHa yepe3 ATUHY BOJIHBI.

KaxoBa ckopocTh ABM>KeHUS (POTOHOB B pa3HbIX cpeaax?




Kax usmenutcs (mpencraBbTe rpaguuecku) BUJ BOJbTAMIIEPHOM XapaKTEPUCTHKHU MPU
OJIMHAKOBBIX 00JIyYEHHOCTSX KaTo/a, HO MPHU Pa3HBIX JUIMHAX BOJH MaJAI0IIET0 U3Ty4YeHUs ?

Paznea 2.

KaxkoB ¢hu3udeckuii cMbIC yncen m U n B 000011eHHO#M dpopmyre baasmepa?

KakoBbl UIMHBI BOJIH CaMbIX KOPOTKOBOJIHOBOW W JUJIMHHOBOJIHOBOM JIMHHUM CEpUH
[Tamena?

KaxoBa yi1Ha BOJIHBI, COOTBETCTBYIOLIAs rpaHulle cepun baibmepa?

KakoBa yacToTa ronoBHol quHuu cepuu Jlaitmana?

ATOMBI BOJIOPO/Ia HAXOSATCSA B COCTOSTHUU € 1 = 5. CKOJIBKO JTUHUN COAEPKUT €TI0 CIEKTP
W3JTy4YeHHUS ?

B gyem cocTout cyTh KOMOMHAIIMOHHOTO IpUHIMNIA PuTa?

Hcnonb3ys KoMOMHAIIMOHHBIN MPUHIIMIL, TOKAKUTE HA OJHOM M3 MPUMEPOB, KAK MOXKHO
IIOJIYYUTh YaCTOTY JUJIs BTOPOM JUIMHHOBOJIHOBOM JIMHUK cepuu [lamena.

KaxkoBbl paznmuuuns Mex 1y Mojienbio aroma Pesepdopaa u reopueit bopa?

[Touemy monens aroma Pesepdopaa HecoBMecTuMa C MPEACTABICHUSMH KIaCCUYECKOM
buzuku?

Pa3bsacHure cMbic noctynaroB bopa. Kak ¢ Mx momo1po 00bICHUTE TUHENUATBIN CIIEKTP
aToma Bojopoja?

Hcexons u3 teopun bopa, onpenennre CKOpOCTh IBUKEHUS YIEKTPOHA HA IPOU3BOIBHOM
SHEPIreTUYECKOM YPOBHE.

Omnpenenure MaKCUMaJIbHYIO JUIMHY BOJIHBI CBETA, IPU KOTOPOM BO3MOYKHA MOHM3ALUS
aToma BOJIOPOJIa, HAXOJALIEroCs B OCHOBHOM COCTOSIHHUH.

Kakyto snepruto (B 3B) momxeHn umeTb (QOTOH, 4TOOBI MEPEBECTH aTOM BOJOPOJA W3
OCHOBHOT'O COCTOSIHUA B COCTOsIHUE C 1 = 57

CpaBHuTe nepBbiii 0OPOBCKHI paaryc 1y atomMa Bojopoa u i He'.

B uem 3akitoyaroTcs NpoTUBOpPEUHs U HEAOCTaTKU Teopun atoma bopa?

B uem cyniHocTs onbitoB @panka u ['epua?

Kakue ocHOBHBIE BBIBOJIBI MOYKHO CJ/I€JIaTh Ha OCHOBaHUH onbITOB @panka u ['epria?

IIpu xakoM yckopsiroleM MoTeHiuane OyaeT HaOMrofaThCsl Pe3Koe MaJeHHe aHOAHOTO
ToKa B omnbITax @panka u ['epia, ecinu TpyOKy 3alI0JHUTH ATOMApPHBIM BOJIOPOAOM?

OOBbsicHUTE, HA KAKMX Y4aCTKax BOJIbTAMIEPHON XapaKTEPUCTUKU UMEIOT MECTO yIpYyTrHe
Y Ha KaKUX — HEYNPYTI'Ue CTOJIKHOBEHHUSI SJIEKTPOHOB C ATOMAaMH.

Paszgea 3.

Kornma u mouemy TpynHO oOHapy»XHBAIOTCS BOJHOBBIE cBoiicTBa cBera? IlpuBenute
MIPUMEPHI.

Korna u mouemy TpyaHo oOHapyKHBalOTCS KBaHTOBBIE CBoiicTBa cBera? [lpuBenute
MIPUMEPHI.

B uem 3akmtouaeTcsi KOpIyCKYJISIPHO-BOJIHOBOM Jyallu3M MaTepuu?

Beoipasute nuHy BousiHbl e bpoiins cBoOoaHoro snektpoHa vepes £, h, m u ¢, rae E —
MOJIHAS PENSATUBUCTCKAsI SHEPTUSL.

3anummTe BBIPAXEHUE ISl JJIMHBI BOJIHBI A€ bpoiisia, y4uThIBasi M3MEHEHHE MAacChI
YaCTHI[bl B 3aBUCUMOCTHU OT €€ CKOPOCTH.

BriBenuTe 3aBUCHMOCTH JJIMHBI BOJIHBI /1€ DBpoOWisi pelITUBUCTCKOM YacTHIBI OT €€
KUHeTHYeckoi »Hepruu. KakoBa »9Ta 3aBuCMMOCTh (M Kak OHa TMONydaeTcs) JUIs
HEPEJSITUBUCTCKON YaCTHIIHI?

[IpuBenuTe U3BECTHBIE BaM OMNBITHI 110 SKCIEPUMEHTAIBHOMY J10Ka3aTEIbCTBY BOJIHOBBIX
CBOMCTB MUKPOYAaCTHL.

DIEKTPOH M MPOTOH JBMXKYTCA C OJWHAKOBOWM CKOpocThio. Kakoll M3 3THX 4acTuil
COOTBETCTBYET OOJIbINIAs JITTHHA BOJIHBI A¢ bpoiinsa?

@DOTOH U 3JEKTPOH UMEIOT IOCTATOYHO MAJIyI0, HO OJIMHAKOBYIO KHHETUYECKYIO SHEPTHUIO.



Koropast 3 3TUX dYacTHIl XapakTepu3yeTcs OoJblIed JIMHOW BOJHBI Ae¢ bpoitna? Otser
obocHyiiTe.

[IpoToH, HOTOH M IEKTPOH XapaKTEPU3YIOTCS OJMHAKOBOM JNTMHOM BOJIHBI J¢ bpoiins. B
KAaKOM TIOpSAJIKE 3TH YacCTULbI NPOWUIYT OJUHAKOBOE PACCTOSIHUE, €CIIM HUX OJHOBPEMEHHO
«BBIITYCTUTH» U3 HEKOTOPON TOYKH B MOMEHT BpemeHH ¢ = 0. OTBeT obocHYyiiTe.

[Tpu xakoi CKOPOCTH YACTHIIBI ¢ JeOpOoisieBCKast 1 KOMITOHOBCKAS ITTMHBI BOJTH PaBHBI
MEXIy co00i?

Korna nyuna BostHbI e Bpoiinis GorbIie: eciu 3JIeKTPOH JBUKETCS B aTOME BOJIOPOA 110
BTOPOM WJIM TIEPBOM KpyroBoit opobure? OTBET 000CHYHTE.

Kakoii ayimHo#t BotHbI 1e bpoiins nomkeH o6ianath GOToH, 9T0OBI ero Macca Obliia paBHA
Macce MoKos 3JIeKTpoHa?

Kaxk 1 Bo cKkOJIBKO pa3 pasziinyaeTcs AJIMHA BOJIHBI 1€ Bpoiiis s 1ByX HEpeNsATUBUCTCKUX
3JIEKTPOHOB, MPOUIEANINX PAa3HOCTh MOTEHIIUAJIOB, oTanyYaromytocs B 100 paz?

[Toyemy BosTHOBASI IPUPOIA MATEPUH HE MPOSIBIISAETCS B [IOBCEIHEBHOM OMBITE?

Kak cooTHOCATCS MeXly cOO0N MpeCTaBICHUE O KOPIMYCKYJISPHO-BOJIHOBOM JIyallu3Me
MaTEPUU U COOTHOIIEHHUE HEONpPEAeIEHHOCTEN ?

B dem, onmpasch Ha COOTHOIIEHHE HEONPEICICHHOCTEH, COCTOUT OTJIMYHE OMUCAHUS
MOBEJICHUS YaCTHI] B KJIACCUYECKON U KBAHTOBOU TEOpUSIX?

Hcxonst w3 COOTHOWIEHMsI HeompeneineHHocTe AL -At>7, OLeHWTe IIHPUHY
SHEPreTUYecKOro YpoBHsS: 1) Uisi OCHOBHOTO COCTOSIHMS aToma; 2) AJisi BO30YXJACHHOTO
COCTOSTHUS (BpeMs KHU3HU BO30YXAEHHOTO cocTosiHUs ~10 He).

Pasznea 4.

3anuiuTe yclOBUE HOPMHPOBKU BOJIHOBOM ¢yHkuuu. Iloyemy dakTtuyecku Bcerga
MOYKHO OTPaHUYUTHCSI HOPMUPOBKOM BOJIHOBOM (DYHKIIMU HA €AUHUILY ?

3anumuTe U 00BACHUTE NPUHIUI CYNEPIIO3ULUN B KBAHTOBOM MEXaHUKE.

YeMy paBHa BEpOATHOCTh W 0OHapy>KEHHUS YaCTULBI HA OCH X B MHTEPBAJE OT X1 JIO X2,
onuchIBaeMoi BoHOBOH (yHkimeit ‘W(x, £)?

BonnoBas (QyHKIMs, ONUCHIBaIOIIas OJHOMEPHOE [BUKEHHE CBOOOJHON YacCTHUIBI,
W(x,t)=A-exp[-(i/h)(Et—px)], tne A — ammuTyga BOJHBI Je bpoins, £ u p —
COOTBETCTBEHHO DJHEpPrus M MMIYJIbC YacTulpl. OINpenenuTb IUIOTHOCTb BEPOSITHOCTH
oOHapyXEHHs YaCTHUIIbl B JAHHON TOUYKE MPOCTPAHCTBA.

[Toyemy ¢usmueckuii CMBICHT CBs3bIBacTCS He ¢ camoi W-pyHKIMeH, a ¢ KBaJpaToM ee
oy [W(7, ) =¥ (F,0)- ¥ (F,1)?

[loueMy B KBaHTOBOW MEXaHUKE pacCMaTpUBAIOT MMEHHO KBaJApaT MOJYJiS BOJHOBOM
byHkuun?

3anuiuTe BbIpaXXeHHE AJIs BEPOSTHOCTU HAXOXKICHHS YaCTULIBI B OKPECTHOCTU TOYKH X,
Y, Z B MOMCHT BPEMCHU /.

BonHoBast yHKIMSI, ONMUCHIBaOIIasi COCTOSIHME MHKPOYACTHIIBI, JAeTCSl BBIPAKCHUEM
W(x,t)=wy(x)-exp[—(i/ h)Et]. JlokaxuTe, 4TO IUIOTHOCTh BEPOATHOCTH HAXOXICHHUS YACTHIIBI

OTIPEIETISIETCS TOJIBKO KOOPAMHATHON Y- yHKIIMEH.

[Touemy MaremaThuyeckuii anmapar KBaHTOBOM MEXAaHMKH OTJIMYAETCA OT TaKOBOTO B
KJIACCUYECKOU MeXaHUKe?

A =x, B =d/dx. SIBnsroTcs mu 311 oniepaTopsl KoOMMyTHpYOmUMu? OTBET 000CHYHTE.

Kakue onepatopsl Ha3piBaroT JuHeHHbIMU? [loueMy KBaHTOBas MEXaHHUKAa HCIOJIb3YET
MMEHHO JIMHEWHbBIEC ONIepaToOphI?

Kakue omnepaTopbl Ha3bIBalOT 3pMHUTOBBIMHU? [loueMy KMMEHHO 3TOT BUJ ONEPATOPOB
HCIIOJIB3YIOT B KBAHTOBOM MeXaHHUKe?

Yro Takoe cOOCTBEHHBbIC 3HAUYEHHUS U COOCTBEHHbIE (DYHKLMHU omeparopa (pusmueckoi
BEJIMYMHBI? 3aluIUTe ypaBHEHHUE JJIsi COOCTBCHHBIX 3HAUEHUN M COOCTBEHHBIX (DYHKIMHA U
0XapaKTEepU3yuTe ero.



KaxkoBa cBsi3b MeX]Ty COOCTBEHHBIMU 3HAUEHUSAMHU OIIEPATOpa 1 HAOII0JaeMbIMU Ha OIIBITE
YHCJIOBBIMH 3HAaYCHUSAMHU (PU3NUECKON BETMYMHBI, H300pakaeMoi JaHHBIM OIIepaTopoM?

Korna M0xHO rOBOpUTH O KBAHTOBAHUU (PU3NYECKUX BETUUHH?

Kakue cucrembl QyHKIMN SBISAIOTCS OPTOrOHATBHBIMU M HOPMUPOBAHHBIMU?

Kak BeruucnsioTcs cpeinie 3HaueHUs] GU3NYECKUX BETUUUH?

Korna M0o>kHO OJTHOBPEMEHHO M TOYHO 3aJaTh 3HAUYEHHUS JBYX KBAHTOBO-MEXaHUYECKUX
BEJINYUH?

Ob6ocHyiiTe, 4YTO omeparop MPOSKIUH MOMEHTa HMIyJbCa Ha TMOJSIPHYIO OCh
L =—ih-0/0¢.

[Tokaxxute, YTO COOCTBEHHBIE 3HAYEHHUS omeparopa L: oOpa3ylOT IUCKPETHBIA Pl
3HAYEHHUH.

HNmeer 1 cMBICIT B KBAaHTOBOM MEXAHMKE XapaKTEPHOE I KIACCUYECKOM MEXaHUKHU
MIPEJICTABJICHUE TTOJTHOW SHEPTUM B BUJI€ KHHETUYECKON U NoTeHIanbHou? [Touemy?

UYro Takoe raMWJIbTOHUAH U ONEpaTOp MOJIHON SHEPIUU?

SBnstorces u onepatopsl 7 U U KOMMYTUPYIOIIAMU ?

ConocraBbTe U3BECTHBIE BaM B KBAHTOBOW MEXAaHUKE ONEPATOPBI C COOTBETCTBYIOLIUMU
buznyeCcKUMU BEJIMYMHAMHU B KJIacCH4eCcKol MexaHuke. Kakol BEIBOJI MOYKHO CZIeNIaTh Ha OCHOBE
3TOr0?

Paspean S.

B uewm 3akitoyaeTcst craTUCTHUECKas MHTEPIIPETALHs BOJTHOBON QyHKIIUH?

Jlig kakux yacTull crupasennuBo ypasHenue Lllpenunrepa?

[Touemy ypaBuenue Llpeaunrepa chopmynrpoBaHO Kak BOJTHOBOE ypaBHEHUE?

3anuuuTe BpEMEHHOE U CTallMoHapHOe ypaBHeHus llIpennHrepa u npoaHaau3upynre ux.

Cogepuiute nepexos 0T BpeMeHHOro ypaBHeHus Lllpeaunrepa k craliluOHapHOMY.

3anuuuTe OJHOMEpPHOE BPEMEHHOE M crauuMoHapHoe ypaBHeHus Lllpeaunrepa,
IIPOAHAIIN3UPOBAB HX.

3anuimure BpeMEHHOE U cTanMoHapHoe ypaBHeHus Ll penunrepa B oneparopHoii popme u
MIPOAHAIIUZUPYHUTE UX.

Kakoi BBIBOJ MOMXHO cJenarb, CpaBHMB crauuoHapHoe ypaBHeHue IllpenuHrepa c
ypaBHEHHEM JJi COOCTBEHHBIX 3HAUEHHUI U COOCTBEHHBIX (PYHKIIHIA?

Urto MOXKHO cKa3aTh 00 oneparopHoit popme ypasHenus [lpenunrepa?

Kaxkas yactuna ssisiercst cBoOOO HOI?

[Tokaxure, 4TO IHEPreTUYECKUN CIEKTP CBOOOJHO JBMIKYILEHCS YacTHULBl SBIISETCS
HEIPEPHIBHBIM.

Haiigure coOcTBEHHBIE 3HAYEHMsI SHEPrUM YaCTHUIBI B OJHOMEPHOM «IOTEHLUAIbHON
sAMe» ¢ OECKOHEUHO BBICOKUMU «CTEHKAMUY.

KakoBa HaMeHbII1ast SHEPTHsI YACTHIIBI B «IIOTCHIUAIBHON IME» C 0ECKOHEYHO BEICOKUMHU
«CTEHKaMm»?

OOmbsicHuTE, TOYEMy HaWHH3IIEE COCTOSHUE OCIMIUIATOpA HE MOXKET 00JalaTh HYJIEBOU
SHEPrHUeH.

Kakumu cBolicTBaMU MUKPOUYACTHI] 00YCIOBIICH TYHHEIBHBIN 3P PeKrT?

Pa3nea 6.

3anumuTe cTanuoHapHoe ypaBHeHue IllpenuHrepa Juisi BOJOPOAOINOIOOHON CHUCTEMBI.
[IpuBeauTe mpuMepbl BOJOPOIOTIOOOHBIX CHCTEM.

[Touemy HawmOoyiee MOAXOIANICH KOOPJAMHATHOM CHCTEMOM JUISI PAacCMOTPEHHUS aToMa
Bojopona siBiserca  chepuueckas? [IpoaHanm3upyiTe (Ka4eCTBEHHO) XOJ  peLICHHS
cTarioHapHoro ypasHenust IllpenuHrepa mis atoMa Boaopoaa B chepuIecKUX KOOpIUHATAX.
Kaxkue BBIBOJIBI CIEIYIOT U3 €T0 PEIICHUS?

3anumuTe COOCTBEHHBIC 3HAUCHUS SHEPTUH JICKTPOHA B aTOME BOJIOPO/IA, OTIPEISIISICMbIS
pemienueM ypaBHeHusi Lllpeawnrepa, u mpoaHanu3upyiTe uX. B ueM oTnuyme u CXOJICTBO C



pesyJibTatamu Teopuu bopa?

Kakue BenmnuuHBbI J17151 3JIEKTPOHA B aTOME OTPE/IEICHbBI, €CIIM U3BECTHBI KBAHTOBBIC YUCIIA
n, lvum?

[Touemy KBaHTOBasi MEXaHHWKA HE UCTIOJB3YET MPEACTABICHUE 00 3JIEKTPOHHBIX OpOUTaxX?
Yrto xapakTepusyloT KBaHTOBbIE uucna n, [ u mi?

Kakue BenuuuHbI, XapakTepU3YIOIIME 3JIEKTPOH B aTOME BOJOpPOAA, KBAHTYIOTCS?
3anuiuTe COOTBETCTBYIONINE (POPMYJIBL.

[IpeacraBbTe CUMBOIMYECKYIO 3aIUCh 3IEKTPOHOB B cocTosiHUsX ¢: 1) n=3,/=0, 1, 2; 2)
n=4,1=2;3)n=2,1=1.

KakoB ¢u3nueckuii CMBICI pacupeeNeHUs IUIOTHOCTH 3apsijia B 3JICKTPOHHOM o0JaKe?

Chopmynupyiite npaBuia oTéopa s OpOUTATLHOTO U MAarHUTHOT'O KBAHTOBBIX UHCEI.
Bcerna nu onu Beinonssitorea? Kak MOKET H3MEHATHCS TJIaBHOE KBAHTOBOE YUCIO?

Kakue nepexonpl cooTBeTcTBYI0T cepud [lamena? Mcnonb3yliTe CMMBOINYECKYIO 3aIIUCh
COCTOSIHUH.

KakoB KBaHTOBO-MEXaHUYECKUI CMBICI IEPBOTO OOPOBCKOro paauyca?

B uyem oTiamune BBIBOJOB KBAHTOBOM MeXaHMKM U Teopuu bopa g 1s-coctosHus
3JIEKTPOHA B aTOME Bojopoaa?

DJNEeKTpOH B aTroMe BOJAOpoJaa Haxoautcs B ls-coctosHum. Omnpenenute HauOomee
BEPOSITHOE PACCTOSTHUE AIIEKTPOHA OT sI/Ipa.

Paznen 7.

MO3KHO 71 TOBOPUTH O CXOJICTBE CIIEKTPOB HUCITYCKaHHUS aTOMOB IIEJIOYHBIX METAIIOB U
aroMma Bojiopoaa? Ilouemy?

3anumuTe U TPOKOMMEHTHPYHTE (HOpMyITy AJisi ONMpeneleHHs CIEKTPAIBbHBIX TEPMOB
IIEJIOYHBIX METAJIOB.

Kakue 3HaueHus MOXET NPUHUMATh MPOEKIMS CIHMHA O3JIEKTPOHA Ha 3aJaHHOE
HarpaBjeHue? 3anuImnTe 3aK0H KBAaHTOBAHUS CITMHA DJIEKTPOHA.

Uemy paBeH MOJyJib CIIMHOBOI'O MarHUTHOTO MOMEHTA 3JIEKTpOHA?

B uem oTiimune OTHOLIEHWH MAarHUTHOTO M MEXaHMYECKOTO MOMEHTOB, 00YCIIOBIICHHBIX
OpOUTANBHBIM JBM)KCHHEM DJIEKTPOHA, U COOCTBEHHOIO MAarHUTHOTO MOMEHTa M CIIMHA
3JIEKTpOHA?

Paznen 8.

Uro npencrasnset coboit marueTon bopa?

Uemy paBHO OTHOIIEHHE TMPOCKIHUA OPOUTAIBHBIX MArHUTHOTO M MEXaHHUYECKOTO
MOMEHTOB 3JIEKTPOHA HA TPOU3BOJIBHYIO OCb Z7

Hapucyiite u 0o0bsiCHUTE HampaBlieHHUS OPOUTAIBHBIX MEXAHHMYECKOTO M MarHUTHOTO
MOMEHTOB.

3anummuTe BeIpaKEHUE I MOYJIsE OpOUTaTLHOTO MAarHUTHOTO MOMEHTA.

Kakue 3HaueHHs] MOXET MPUHUMATH MPOEKIUS OpOUTATBHOIO MarHUTHOIO MOMEHTa Ha
3a/IaHHOE HarpasiieHue?

B yem 3akirouaeTcs cyTh CIMH-OPOUTAIBLHOTO B3auMo/ieiicTBusi? YeM oHO onpenensiercs?

Bcerpa nu, Ha CKOJIBKO M MOYEMY MPOUCXOJUT PACIICIVIEHUE SHEPreTUIECKUX YPOBHEH B
pe3yNbTaTe CIIUH-OPOUTAILHOTO B3aUMOICHCTBUS?

HazoBute u mosicHutre (QakThl U TEOPETHUECKHE MPEANOCHUIKH CYIIECTBOBAHUS CITMHA
3JIEKTPOHA.

[Touemy ombiTel LllTepHa u ['epiaxa SABASIOTCS IPSMBIM JOKA3aTEIbCTBOM CYIIIECTBOBAHMS
CIIMHA AJIEKTPOHA?

[To xakuM 3aKOHAM KBAHTYIOTCSI MOJTHBI MOMEHT UMITYJIbCA DJIEKTPOHA U €r0 MPOCKITUs?

Pa3zgen 9.
O3zHayaeT 11 U3MEHEHHE 3HaKa BOJTHOBOW (DYHKIIMU U3MEHEHUE COCTOSIHUS?



Kak ompeznensiercss npuHaJIeKHOCTD CIOKHBIX YacTUll (HapUMep, aTOMOB) K 0030HaM
Wi pepMuoHam?

Kaxkoit Tunm cumMeTpuu BOJIHOBOM (DYHKIIMH XapakTepeH A poroHa?

Uemy paBHO MakKCHUMaJIbHOE 3HA4YCHUE IPOCKLUMUM MOMEHTAa umiyinbca mig L- u M-
3JIEKTPOHOB?

KakoBo MakcHMallbHOE YHCIIO 3JIEKTPOHOB B p-cocTosHUU? OTBET 000CHYHTE.

CKOJIBbKO 3JIEKTPOHOB B aTOME, Y KOTOPOI'O B OCHOBHOM COCTOSIHUH 3aroyiHeHbl K- u L-
o0oJtouka?

CKOJIBKO pa3HbIX COCTOSIHUM Y AJIEKTPOHA C TJIABHBIM KBAaHTOBBIM YHCIIOM 71 = 37

CKOJIBKO 3JIEKTPOHOB MOXET HaXOJUThCS B ojto0o0ouke ¢ n =5, [ =27

Kaxkue 3Ha4ueHMsI MOTYT IPUHUMATH M ¥ ms IpU n = 5, [ = 47

KakoBo MakcHMaabHOE YHCIIO AJIEKTPOHOB HA M01000JI0YKE ¢ OPOUTAIBHBIM KBAaHTOBBIM
guciaom? OTBET 00OCHYHTE.

KakoBo MakcuMallbHOE YMCIIO 3JIEKTPOHOB B aTOME C IJIaBHBIM KBAHTOBBIM UYHUCIIOM n?
OTtBeT 000CHYHTE.

KakoBo o0mee umciao 3mekTpoHoB B aTtoMe, K- u L-0007109KH KOTOPOTO IMOJHOCTBHIO
3aM0JHEHBI?

Paspnen 10.

Hauunas ¢ kakoro 3jiemMeHTa BO3MOXKHO NosiBjieHue M-cepun?

[Touemy K-cepusi pEeHTI€HOBCKOI'O H3JyuYeHUSI B CiIy4dae TKENbIX OJIEMEHTOB
COIMPOBOXKAACTCS MOSBICHUEM JPYTHX CEpUii?

Haiigure rpaHn4yHylo [UIMHY BOJIHBI TOPMO3HOTO PEHTI€HOBCKOIO W3Iy4YeHUS IMpu
OoMOapIupoOBKE aHO1a AIEKTPOHAMH ¢ dHeprueit 60 k3B.

Kak u3MeHSTCS MHTEHCHUBHOCTh PEHTI€HOBCKOIO H3IY4YEHHMS W TPaHMIA CIUIOIIHOTO
CIIEKTpa C yBeNIWYCHHEM: 1) HaNpsHKEHUS MEXAy KaToIOM M aHoAoM? 2) HaKalla HUTH KaToja?

OOBsSCHATE TPOUCXOXKIACHHE KOPOTKOBOJTHOBOH TPaHUIBI CIIEKTpa TOPMO3HOTO
PEHTTEHOBCKOTO M3TYYCHHUS.

B dWem mnpuumHA 3HAYUTEIBHOTO pa3jU4Yds ONTHYCCKOTO MW XapaKTePUCTHUSCKOTO
PEHTTEHOBCKOTO CIIEKTPOB aTomMa?

[ToueMy TOpPMO3HOE pEHTI'CHOBCKOE W3JIYyUCHHE HWMEET CIUIOIIHOW CIEKTp, a
XapaKTePUCTHUECKOE — JTMHEUYATHIN?

Kakas U3 Tpex NuMHUN XapaKTepUCTHUYECKOrO PeHTreHoBckoro cmekTtpa — K, Kg, K, —
camasi KOpOTKOBOJIHOBasi? caMasi UHTCHCUBHAs?

Ucxons u3 3akoHa Mosznm, ompenenuTe, BO CKOJIBKO pa3 JUIMHA BOJHBI Kg-THMHHM
Bosib(ppama (Z1 = 74) omiiuyaeTcs OT AJIUHBI BONHBI Ko -nmuHun Hukens (Z2 = 28).

Anepuas puszuka

1. OcHOBHBIE XapPAKTEPUCTUKHU U CBOIICTBA ATOMHBIX fIep.

YeM 00BsACHSACTCS TOHKAS CTPYKTYpPA CHIEKTPAIbHBIX JTUHUNA?

UeM 00BSCHSAETCSI CBEPXTOHKAS CTPYKTYpa CIIEKTPATBHBIX JTUHUI?

Uemy paBHa 3HEprus CBs3M B snpe?

[ToueMy npu pacueTe 3HEpruu CBSA3U AJIE€p UCIIONIb3YETCSl Macca HEUTPAJIbHOTO BOJIOPO/A,
a He Macca mpotoHa? B yeM paznuna?

UYro Oosblire — Macca aTOMHOTO Siipa MM Macca 4acTHIL, BXOSIIUX B ero coctaB? Kakue
BBIBO/JIbI OTCIOZIA CIIEAYIOT?

OOBscHUTE 3aBUCUMOCTD YACIBLHOW SHEPTUU CBSI3H OT MACCOBBIX UHCE.

[ToueMy NpOYHOCTH AJIep YMEHBIIAETCS IPU MEPEX0JIE K TSKEIbIM dJIeMeHTaM?

[Ipu kakux mporneccax v MOYEMy MOKET BBLACIATHCS siACpHAs SHEPTHsi?

2. SInepubie cuabl. Mogenu sigpa.



K xakomy ki1accy B3auMOI€MCTBUIM OTHOCHUTCS SIIEPHOE B3aUMOJICUCTBUE?

KakoBbI OCHOBHBIE CBOMCTBA sI/IEPHBIX CUI?

Kak nokazatb 3aps/10By10 HE3aBUCUMOCTb SIJICPHBIX CHIT?

Uro sBIIsSIETCS MOTBEPKACHUEM HEAIEKTPUUECKON MPUPOJIBI SIACPHBIX CHIT?

Kak 0OBSCHUTH NPUOIHM3UTEIHHOE TOCTOSHCTBO YICIBHOW HEPTHU CBS3U B SApPE C
YBEJIMUEHUEM UHCIIa HYKJIOHOB?

Yem 00yCIIOBICHO CHIDKEHHE YICIBHOM SHEPTHH CBSI3H B siipax K KoHIty [lepuoaudeckoit
CHCTEMBI DJIEMECHTORB?

B dem 3akirouaroTcs aHaJIOTHUU U Pa3IMYMs SJep U aTOMOB?

B 4yem cx0/1cTBO U B 4eM pa3ziinyue rpaBUTAIIMOHHBIX, JJIEKTPOMArHUTHBIX U SIACPHBIX CUIT?

Paccuunraiite sHEPTHUIO KYJIOHOBCKOTO OTTAJIKUBAHUS Ha paccTOssHUM | M apyT OT apyra.

Ha ocHOBaHWM Yero MOKHO MPUUTH K KaneiabHOU Mojenu sapa? OTBeT 000CHYHTE.

B uem 3akmouaeTcs cyTh 000JI0YEUHON MOIETHN sapa?

[Touemy n1st onMcaHust aTOMHBIX SIIEP MIPUMEHSIOTCS pa3IMUHbIE MOIETU?

[Touemy 110 cux Mop He co3aaHa euHasi TEOpUsi aTOMHOTO sjipa’?

Kakue mnpencraBieHuss 0 CBONCTBaX HYKJIOHOB B SIApPE JA€T KameiabHas MOJEINb?
obosioueuHas Moaenn?

CKOJIBKO HYKJIOHOB MOXKET HaXOJUThCS B SIJJPE HA CAMOM HHU3KOM KBAaHTOBOM YPOBHE?

3. PaqMoaKTHBHOCTD U €e XapaKTepHUCTHKH. 3AKOH PaJHOAKTHBHOI0 pacnaja.

B ueMm u3ndeckuii CMBICH MOCTOSTHHOM pauoakTUBHOTO pacnana? Kak MOXXHO MPUNATH K
BBIBO/Y, YTO PaJIMOAKTHBHBIE CBOMCTBA 3JIEMEHTA 00YCIIOBIIEHBI CTPYKTYpOii ero siapa? MoxHO
JM yKa3aTh, Kakue sApa U KOrJa pacnagyTcs B paJMOaKTHBHOM 00pa3sle 3a paccMaTpuBaeMoe
Bpems? [louemy?

YTo Takoe aKTUBHOCTb U yJIeJIbHAsl aKTUBHOCTD IIpernapara?

Kakue xapakTepucTUKN paJlnOaKTUBHOIO paclazia ONpeAeiIsoT €ro MHTEHCUBHOCTD?

Hapucyiite rpadux 3aBucumoctu In 4 (4 — akTUBHOCTb IpemnapaTa) oT BpemeHu. Kakue
JTAaHHBIE MOTYT OBITh U3 HETO MOJIyYeHbI?

Kak u BO CKOJIBKO pa3 M3MEHHUTCS UYUCIO AJep paJlOaKTHBHOIO BEILIECTBA 3a BpeMs,
paBHOE JBYM II€pHOJaM Moiypacmnajga’?

Kak (1o xakomy 3aKoHY) U3MEHSIETCSI CO BpEMEHEM aKTUBHOCTb HyKIuAa?

Boipasute cpenHee BpeMs JKU3HM PAJMOAKTUBHOIO SApa 4YEpe3 IOCTOSHHYIO
PaAMOaKTUBHOIO pacnaja.

UTo mponoIKUTENBHEE — YEThIpE IEPUOAA IOJypacnaja WIM TPU CPEJHUX BPEMEHU
KU3HU PaIUOAKTUBHOIO Aapa?

Kakas nons Hykimaa pacmagercss Ha NPOTSDKEHHH JIBYX CPEIHUX BpPEMEH KU3HU
pPaIuoaKTUBHOTO syipa’?

KakoBO cooTHOLIEHHE MEXKIYy CPEIHUM BPEMEHEM MXU3HU PaJUOAKTHBHOIO sApa U
MepuoJIoM Tosrypacmnaaa?

Kakas nons HauanbHOro KOJIMYECTBA PAJMOAKTUBHOIO M30TONA pacHafeTcs 3a BpeMs,
paBHOE cpeHEN MPOJOHKUTEILHOCTH KU3HU 3TOT0 U30TONa?

4. Buabl paiMoaKTHBHBIX NIPOLECCOB M UX CBOIiCTBA.
KaxoBbl cBOMCTBA 0-U3Ty4EHUS?

MoskeT 1 SApo ;B HCHYCTHTH 0-4acTHITy?

Kak n3MeHuTCs S3HEprusi UCIyCKAeMBIX 0-9aCTHUI] C YBEIMYCHHEM NIEpHUO/Ia TIoypacnaaa
paanoakTuBHOTO AemeHTa? OTBeT 000CHYHTE.

Kak 0OBSICHUTE OTPOMHOE pa3indue B MEPHOIaxX MOIypachaa o-pauOaKkTUBHBIX saep?

Yro oOuiero u B yeM paziauuue 3~ u B pacnanos?

3anummre cxemy e-3axBaTa. UTo CONMPOBOKIAeT e-3axBar? B uem ero ormuume ot [*-
pacmnaaoB?

3anumuTe 1 0OBSICHUTE TPAaBUIIA CMEIIEHUS JIJIsl TPEX TUIIOB [3-pachaios.



[ToueMy 31eKTPOHHBIN 3aXBaT Ha3bIBalOT Takke K-3axBaTom? OOBSICHUTE €r0 MEXaHU3M.

[Touemy mpu o-pacmajzie OJUHAKOBBIX SJEP PHEPTUU O-YACTHI] OJWHAKOBBI, a Mpu -
pacrajie OIMHAKOBBIX AP SHEPTUH [3-4aCTHILl Pa3IUnIHbI?

VYKaxuTe KaKk MOXKHO OOJIbIIE PA3INIUN MEXIY O-, B- U Y-U3ITy4CHUSIMHU.

Kak OOBSCHHUTH IOSIBJIEHHE DJIEKTPOHOB (MO3UTPOHOB) HpH B -paguoakTuBHOM (B-
paauoaKkTUBHOM) pacnaje sjuep?

HaoGmrogaercst 11 pagnoakTUBHBIN paciiajl CBOOOIHBIX MPOTOHOB? HEUTpOoHOB? [louemy?

[louemy st oObsAcHeHus [-pacmaZa BO3HUKIA HEOOXOAMMOCTh THIOTE3bl O
CYILLIECTBOBAaHUM HEUTPUHO (aHTUHEHUTPUHO)?

Habumronaercs nu y-usinydyenue cBOOOAHBIX HyKIOHOB? OTBET 000CHYMTE.

Kak MOXHO OTIIMYUTD [-3JI€KTPOHBI OT AJIEKTPOHOB KOHBEPCUH?

Korga mosxer HabmrogaThCst mapHasi KOHBEpCHs?

Korna Bo3HUKaeT CHOHTaHHOE JEJIEHUE TSHKEIBIX sSaep?

5. Pe3onancHoe noruiounienue y-udiaydenus (3gpgexr Meccoayspa)

UYro Takoe ecTeCTBEHHAas! IIMPUHA SHEPIETUUECKOIO YPOBHS Apa? eCTECTBEHHAs IIUPHUHA
JUHUM Y-U3ITydEeHUs?

HaGmromaercst mu pe3oHaHCHOE MOTIIONICHHE Y-U3ITydeHUsT Ha CBOOOAHBIX sipax? [louemy?

B uem cyTh 2 dexra Méccbayapa?

Ha kakyio Benu4uHy CABUHYTHI JPYr OTHOCHUTEIBHO Jpyra JUHUH W3JIy4YCHUS U
MOTJIOIICHHS Y-KBaHTOB? OTBET 000CHYHTE.

[Touemy s ekt MéccOayspa MOKET CITYKUTh TOHUAUIITNM «MHCTPYMEHTOMY Pa3InYHOIO
poJa u3sMepeHui?

6. ®u3nyeckne OCHOBBI 1ETEKTOPOB YACTHI M PAJIMOAKTUBHBIX H3JIy4YeHUH.

UTO 1€XUT B OCHOBE METOIOB HAOJIIOICHUS 1 PETUCTPALIMH PATUOAKTUBHBIX H3TyUYeHUN?

KakoB npuHIMn JeiCTBUS MOIYIPOBOAHMKOBOrO cyeTunka? B yeM IpeuMyliecTBO
UCIIOJIb30BaHUs TBEPJIOM Cpe/ibl IO CPABHEHUIO C ra3oM?

B uem cx0acTBO M pa3nuyue NIEKTPOHHBIX U TPEKOBBIX JETEKTOPOB?

Kakue BO3MOXXHOCTH Ui HCCIEAOBAaHUS OTKPBIBAIOTCS HpPH TOMEUICHUH KaMepbl
Bunbcona B MarauTHoe nose?

[IpuBeaute, NOACHUB, OCHOBHBIE XapaKTEPUCTUKHU JIETEKTOPOB.

JlaiiTe XapaKTepUCTUKY SBJICHHUS, JIEKAIETO B OCHOBE pabOTHl YePEHKOBCKOT'O CUETUHKA.

B gem cxoncTBO M pa3nuire BUIBCOHOBCKOM U mudPpy3noHHON Kamep?

Kak B 4epeHKOBCKOM CUETUYHMKE MOXKHO Pa3AEIUTh YaCTULIBI 110 MaccaM?

Uem sydilie perucTpupoBaTh BICOKO3HEPT€TUYHbIE MUKPOYACTHULIBI: KaMmepoil Bunbcona
WIH ITy3bIpbKOBOM Kamepoi? [louemy?

Kakue 13 nmpuBeeHHBIX CUETYMKOB MOIJIM Obl OBITh OOBEAMHEHBI €IUHBIM Ha3BaHUEM
«razopaspsiHble CYETUUKIY?

B uem 06mIHOCTH U pa3ianune BCeX pacCCMOTPEHHBIX TPEKOBBIX I€TEKTOPOB?

[Touemy mnpomnoplLuoOHanbHAs Kamepa OJHOBPEMEHHO BBIIOJHIET (YHKLUU TPEKOBOTO
neTeKkTopa?

B kakux TpEeKOBBIX NETEKTOpax NpH MPOYMX PABHBIX YCJIOBHUSX JJIMHA TpEKa camast
kopotkasa? [Touemy?

MoxHO JI1 ¢ NOMOUIbK CUETYMKOB I'elirepa—Mromiepa U3MEPATH SHEPrUI0 YacTHLL?
[Touemy?

7. SinepHble peaKuu U UX OCHOBHBbIE THUIIBI.
Kakue coctaBHbIe sijpa 00pa3yroTcs B pe3yibTaTe CIEeIYIOMINX PeaKIIHiA:

9 61:. 10 13
4Be(paa)3L17 SB(aap)6C?
YeM oTIu4aroTCs IIpsAMBIC  AOCPHBIC B3aHMOHeﬁCTBHH oT peaKuHﬁ, naymumx ¢



o0Opa3oBaHHeM KOMIayHA-g1pa?

3aBHCHUT JIM XapaKTep pacraja COCTaBHOTO sipa (MCIyCKaHNWEe UM YacTHUIlbl b) oT criocoba
ero oopazoBanus? [louemy?

B 4yem oTnnuus paAMoOaKTHBHOTO pacmajia v sACpHBIX PeaKiuii?

Korna umeer mecto paccesiHue yacTHIl? sepHast peaKius?

Kaxkue gacTuiel (HEUTPOHBI WIIM O.-4acTUIbl) Oosiee 3PGEeKTUBHBI B KAUECTBE «CHAPSIOB)»
JUTSL TIPOBEICHUS SIIEPHBIX PEaKIii?

OLueHUTEe SHEPTUIO, BBIJICTSIONIYIOCS B OJJHOM aKTe JCICHUS 29325 U.

IloueMy o.-4acTHUIIBI, UCITyCKAaEMblE PAIMOAKTUBHBIMU IpENapaTaMiu, HE MOTYT BbI3bIBATh
AJIEPHBIX PEaKIUH B TSDKEIIBIX dJIeMEHTax ?

[Ipu 3axBaTe HEUTpPOHA APOM 12;‘ Mg oOpasyercs paJuOaKTUBHBIA U30TOII 12;1 Na . Kakue

YaCTUILIbI UCITYCKAIOTCA B JAHHOU SA€pHON peakuuu?

XapakTepHO JIU AJI1 MEAJIEHHBIX HEUTPOHOB HEYIIPYroe paccesiHue Ha siapax? [louemy?

Oxapakrepu3yiite HelTpoHbI nenenus. Kakue onu ObiBaroT?

[loueMy peakuusi OeneHUs TSDKEIBIX SIEP CONPOBOXKAAETCS HMCIIyCKaHUEM HEWTPOHOB
neneHus?

Kak MOXHO OCyIIECTBUTH LIEITHYIO SAEPHYIO pEaKLnio?

[lo kakuM mpu3HaAKaM MOXHO KiIaccu(UUMPOBATH siiepHbIe peakuuu? SBisercs im ux
KJaccu(uKanus OJHO3HAYHOM?

KaxkoB xapakrep nemHo peakuuu neiaeHus, ecm: 1) k<1;2)k=1;3) k>1?

[loueMy neneHue TAKENBIX SIAEP U CUHTE3 aTOMHBIX SIIEP CONPOBOXKAAIOTCS BBICIICHUEM
Oonbiioro kosuyecrsa sHepruu? Korna Ha OoAMH HYKJIOH BbIAENSETCS OOJbIlas SHEPrus?
[Touemy?

[louemy na ConHue u 3Be3gax UACANbHO pelaercs Mnpobiaema YyIep:KaHUs W
TEPMOU30JISILIUH I171a3MBbl?

IIpakTHyeckue 3a1aHus M0 Y4eOHOM MporpaMmme

1. 3akoHOMEpPHOCTH B CIIEKTPaX aTOMOB BOJAOPOAA M BOAOPOIONOAO0OHBIX aTOMOB.

Paccessnne o-yacTuu BemecrsoM. @opmyna Pesepdopaa
1. Kakomy s1eMeHTy MPUHAAJIEKUT BOJOPOIONOJOOHBINA CHEKTP, [UIMHBI BOJH KOTOPOTO B

YEThIPE pa3a Kopoue, YeEM y aTOMapHOTIo Bojxopoaa?
2. Brluucauth nocTosHuyro Pundepra R, ecim u3sectHo, uto 1is nonos He' pasnocts mimn
BOJIH MEXX]Ty TOJIOBHBIMH JIMHUAMU cepuid baibmepa u Jlaitmana AA=133.7 am.
3. Haiitu aauHy BOJHBI FOJOBHOM JIMHUM TOW CIEKTPaibHOM cepun noHoB He', y xotopoii
MHTEPBAJ 4acTOT MEKIy KpaiHumu muHusaMu Aw=>5.18.10" ¢!,
4. HaiiTu rpaHulpl CHEKTpPaJIbHOM 00JaCTH, B Ipelenax KOTOPOH pacioJIOKEHbl JHUHHUU
cepuu banpMepa aTOMapHOTO BOAOPOA.

OrpeienMTh JAJIMHBI BOJIH TOJIOBHBIX JUHUEN cepuu Jlaiimana 1yst Bogopoaa 1 He™.

HaiiTi 1yivHbI BOJTH KOPOTKOBOJIHOBBIX TPAHUI] BOJOPOJHBIX cepuil JIaiimana u baibmepa

7. @DOTOH roJ0BHOM JIMHUHU cepuu JlaliMaHa MOHA rellxs MOIJIOACTCS BOJLOPOIHBIM aTOMOM

B OCHOBHOM COCTOSIHUH U HOHU3YET ero. ONnpeaenuTb KWHETUYECKYIO SHEPTHI0, KOTOPYIO

HOJIyYUT 3JIEKTPOH IIPHU TAKOH MOHU3ALINU.

HaiiTu [1inHy BOJIHEBI Pe30HAaHCHOM nuuun Li™.

9. HaiiTu 3HEpruto CBSA3M IEKTPOHA B OCHOBHOM COCTOSTHUH BOJOPOJIOINOI00HBIX HOHOB, B
CIIEKTpE KOTOPBIX JJIMHA BOJIHBI TPETheW TMHUM cepuu baibmepa paBHa 108.5 HMm.

10. HaiiTu cKopocTh (POTOINIEKTPOHOB, BBIPHIBAEMBIX AJIEKTPOMArHUTHBIM H3JIyYEHUEM C
JIMHOM BOJHBI 18 HM U3 MoHOB He', KOTOpble HAXOIATCS B OCHOBHOM COCTOSIHHH W
HIOKOSATCA.

11. HaiitTu rpaHuIbl CHEKTpajdbHOW o0JacTH, B Mpezesiax KOTOPOM pacloioXeHbl JIMHUU
cepuu Ilamena atomapHOro Bogoposa.

SN

*
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Anbda-uactuna ¢ kuaeTrnaecko sneprueit K=0.27 M»aB paccesutach 30710101 GoJIbroit Ha
yron 60°. HaiiTu cooTBETCTBYIOIIEE 3HAYECHUE PUIIETLHOTO apaMeTpa.

VY3kuil ydok o-yacTul] ¢ KuHeTuueckoi sHeprueit K=600 k3B nagaer HopManbHO Ha
30m0Ty10 (onsry cozpepxkantyio n=1.1.10'" saep/cm?. HaifTi OTHOCHTENBHOE YHCIIO O
YaCTHII, PACCESHHBIX MO/ yriaamu v>60.

VY3Kkuii My4oK o.-4acTHIl NaJjaeT HOPMAJIbHO Ha cepeOpsiHyto (oJbry. 3a Hell yCTaHOBJICH
CUETYUK, PErHMCTPUPYIONIMM YacTULbI, pPACCEIHHbIE B COOTBETCTBHH C (OPMYJIOi
Pezepdopna. Ilpu 3amene cepeOpsiHON (QoOabrM Ha TUIATUHOBYIO TOW K€ MacCOBOM
TOJILIMHBI YUCIIO PETUCTPUPYEMBIX B €AMHMIYY BPEMEHH O-4acTHIl BO3pocio B N=1.52
pasza. Haiitu nopsiKoBbIif HOMEp IJIaTHHBI, CUUTAsl, YTO MOPSAIKOBBIH HOMEp cepedpa U
MaccoOBbI€ UKcia 000UX 3JIEMEHTOB U3BECTHBI.

V3kuil mydok a-dgactul ¢ kuHeTnueckoi sHeprueit K = 600 k3B nanaer HopmMasibHO Ha
30510Ty10 (honbry cozpepxantyto n = 1.1.10'° snep/cm?. HaiiTu 0THOCHTENBHOE YHCIIO OL-
YacTHll, paccesHHbIX o yriamu 60-90.

V3Kkui my4ok o-yactull ¢ kuHerndeckod sHepruent K = 0.50 M»B nagaetr HopManbHO Ha
30110TY10 (ONILIY MaccoBoi TommuuHbl pd=1.5 mr/cm?. ITOTOK YacTHIL B Iy4Ke COCTABIAET
10=5.10° ¢!, Haiitn uncino a-4actun, paccesHHbx (onbroil 3a 7=30 MHUH B UHTEpBAJE
yrioB: 59-61; cBeiie 60;

V3KHil MydoK MPOTOHOB, MMEIOIIMX CKOPOCTh W = 6.10° m/c, majaer HOpManbHO Ha
cepebpsanyto ¢onbry Tommuabl d=1 mxM. HaliTu BEpOATHOCTH paccessHusi MPOTOHOB 10T
yrnamu vL>90°,

V3kuil mydok o-yacTtull ¢ kuHetuueckoit sneprueit K = 600 k3B nmagaetr HopMaJibHO Ha
3010Ty10 (honbry conepskantyio n=1.1.10" snep/cm?. Haiitu OTHOCHTENBHOE YMCIIO OL-
YacTHII, PACCEIHHBIX N0 yriiamu v>90, 60-120.

Haiitu s> dextrBHOE CcedeHHe siapa aToMa ypaHa, COOTBETCTBYIOIIEE PACCESTHHIO OL-
4acTHUIl ¢ KUHETHYecKoit aHeprueit K=1.5 MaB B unrepsane yrios cBaiime Vo= 60°.
DddekTuBHOE  ceYeHHME  sAapa  aToMa  30JI0Ta,  OTBEYAIONIEe  PACCESHHIO
MOHOPHEPIeTHYECKUX Oi-4acTul] B uHTepBaine yrios ot 90° no 180°, pasro Ac=0.5.10"%!
cMm?. OnpenenuTh KHHETHYECKYIO SHEPTHIO OL-YaCTHII.

ODddexkTuBHOE  ceYeHWE  sAapa  aToMa  30JI0Ta,  OTBEYAIONIEe  PACCESHHIO
MOHOPHEPIeTHYECKUX Oi-4acTul] B uHTepBane yrios ot 90° no 180°, pasno Ac=0.5.10"%!
cMm?. Onpenenuts auddepernnansHoe cedenne paccesaus do/dc, cooTBETCTByOIIEE YTy
L=60°.

2. Hoctyaarsl Bopa. Moaeas aroma Bopa

Haiftu 111 Bomopononofgo0HOro MoHa paguyc n-ii GOPOBCKOM OpOUTBHI U CKOPOCTh
AJIEKTpPOHA Ha HEd. BBIYMCINTH 3TH BEJWYMHBI JUIsl IEpBOKH OOpOBCKON OpOMTHI aToMa
BOjI0po/a 1 nona He™.

Halitn ans Bogopomonogo0HOr0 MOHA pajuyc n-il OOpPOBCKOH OpOUTHI U CKOPOCTH
3JIEKTPOHA Ha Heil. BBIUMCINTD 3TH BEIMUYMHBI JUIsl BTOPON OOPOBCKOM OpOMTHI aToMa
BOJI0pO/a u noHa Li*™".

Onpenenuts i aToMa Bojopoaa u nona He': sHepruro CBsi3u SJIEKTPOHA B OCHOBHOM
COCTOSIHUU U NTOTEHIIMAT MOHU3ALINH.

Onpenenuts uis aToMa BOI0poia i noHa He': mepBblil OTeHIMA BO30YKICHHS U ITTHHY
BOJIHBI TOJIOBHOW JTMHUM cepuH JlaiimaHa.

Onpenenuts 11t aToMa Bogopo/a u noHa Li™": sHepruro noHusamnuu.

OrmpeienuTh [UIs aToMa Boopoia i noHa He™: ckopocTh 311eKTpoHa Ha BTOPOii 60POBCKOM
opowure.

OrmpeienutTh Ui aToMa BOJAOpoaa W WoHa He': KMHETHYECKYIO SHEPTHIO SIICKTPOHA B
OCHOBHOM COCTOSIHHMH.

Jlinst atoma Bozopojia ¥ uoHa Li™ omnpesennTh: KHHETHYECKYIO SHEPTUI0 JJIEKTPOHA B



9.

OCHOBHOM COCTOSIHHH.
Haiitu sHepruro nonusanuu st nonos He" u Lit™,

10. Onpenenuts paanyc nepBoii 60poOBCKOM OpOUTHI i MoHa Li™".

3. BoJnnbl ae bpoiuis

1. Bpruucnute neOpONIEeBCKYIO JUTHHY BOJIHBI 3JICKTPOHA M MPOTOHA, JBIDKYIIUXCS C
KUHeTH4Yeckoil sHeprueit 1 k3B. [lpu kakux 3HAYEHUSAX KUHETUYECKOW HPHEPIHUU HX
JUIMHA BOJIHBI Oyaet paBHa 100 mm?

2. Ilpm yBenmuenun 3Hepruu dekTpoHa Ha 200 3B ero nebpoiineBckas JJIMHA BOJIHBI
M3MEHWIACh B 2 pa3a. HaliTu nepBoHavYaJIbHYIO JITTUHY BOJIHBI 3JIEKTPOHA.

3. Haiitu niauHY BOJHBI MOJIEKYJ BOJOPOJAA, ABIDKYIIMXCS € HauOoliee BEpOSITHON
CKOpPOCTBIO B rase npu temmeparype 0 °C.

4. Pemenue BpeMeHHOro H cranuoHapHoro ypasHeHuii IllpenmHrepa nns

MOTEeHUMAJbHBIX I0JIel MPOCTON KOH(PUTypaum.

1.

2.

Haiitu pemenue BpemenHoro ypasaenus lllpeaunrepa st cBOOOIHONM 4aCTUIBI MACCHI
m, IBHXKYILENCS C UMITYJIbCOM P B ITOJIOKUTEIBHOM HAIPABJIECHUU OCU X.

Yactuna HaxoIWTCd B OCHOBHOM COCTOSHMM B OZHOMEPHOH IPSAMOYTOJIBHOU
HNOTEHIMAJIbHOHN SMe IUPUHON / ¢ aOCOMIOTHO HEeNpoHUaeMbIMU cTeHkaMu (0 < x < /).
HaiiTu BeposTHOCTh MECTOHAXOXKICHHSI YaCTHIIBI B MHTEpBaie (/3,2 I/3).

Yactuna Maccbl m HaXOAWTCA B OCHOBHOM COCTOSIHUM B OJHOMEPHOM IPSIMOYTOJIBHON
NOTEHIMAJIBHON siMe ¢ aOCOJIIOTHO HENPOHHULIAEMBIMU CTEHKaMH. MakcuMalibHOe
3HA4YECHUE IIJIOTHOCTH BEPOSTHOCTH MECTOHAXOKACHHS YaCTULBI B ’TOM COCTOSIHUM PaBHO
Pm. HaliTu mupuHy SIMBI ¥ SHEPTUIO YaCTULIBL.

Yactuna maccbl m HaxXOAMTCA B ABYMEPHOW IPSIMOYTOJIBHOM NOTEHLHUAIBHON AME C
a0COJIFOTHO HEITPOHUIIAEMBIMU CTeHKaMHU. KOOpAMHATHI X Uy HAXOAATCS COOTBETCTBEHHO
B uHrepBaiax (0, a), (0, b), rae a u b — cTopons! siMbl. HaliTu BO3MOXKHBIE 3HAUCHUS
SHEpPruy U HOPMUPOBAHHbIE Y-(YHKINUN YACTHILIBI.

5. KBanTOBaHHMe aTOMOB. JJICKTPOMArHMTHbIe mepexoabl. IIpaBmina orbopa u

CIICKTPAJIbHBIC CEPUHA.

1.

Onpenenuth NOTEHIMAA MOHMU3ALMU U NEPBbIM MOTEHIMANT BO30yxkaeHus aroma Na, y
KOTOPOT'0 KBaHTOBBbIE JieekThl OcHOBHOTO TepMma 3S u 3P paBHbI cooTBeTCTBEHHO 1.37 1
0.88.

HaiiTu sHepruto cBsi3u BaJIEHTHOI'O 3JEKTPOHA B OCHOBHOM COCTOSIHMM atoMma Li, eciu
W3BECTHO, YTO JJIMHBI BOJIH TOJIOBHOW JIMHMM DPE3KOM CEpUM U €€ KOPOTKOBOJHOBOM
rpaHuibl paBHbl cooTBeTCTBEHHO 0.813 1 0.349 MKM.

CKOJNBKO CHEKTpalbHBbIX JMHUN, pa3pelIeHHbIX MpaBWJaMH OTOOpa, BO3ZHUKAECT MpHU
nepexojie aToMa JTUTUSI B OCHOBHOE COCTOsTHUE U3 cocTostHUs 4S7?, 4P?

6. MmHorodjiekTpoHnbie atoMbl. (O00/0YKH W TMOA000J0YKH. JIEKTPOHHAs

koHurypanus. IIpudau:kenne LS- u jj-cesseit. Tepm. CocTosinue.

1.

(8]

Haiiti BO3MOKHBIE 3HaUEHUS MMOTHBIX MEXaHUYECKUX MOMEHTOB 3JICKTPOHHBIX 000JI0UYEK
aToMoB B cocTosaHusx ‘P u °D.

Jlonucath HeIOCTAIONINE KOMIIOHEHTHI MyIbTHILIETOB 2P32, *Di, “Fsp, *P2, °Da, P,
Bo3MoxHBI 1 cneaytomue coctosuus: 2Si, 3So, *Po, 3S1/2, 28172, *Do, ?D1/2?

Kakue u3 cleayrolux ONTHYECKUX MepexoI0B paspemiensl: 2Si/2 - 2D3p, 2P — 2Dss, 'So -
3Py, n1!So - n'Se?

OpuH U3 3J€KTPOHOB aToMa refiusi UMEeT I1aBHOE KBaHTOBOE uucio 1 apyroi 2. 3anucarb
BO3MOXXHBIE DJJIEKTPOHHBIE KOH(UTypaluu ¥ CHEKTPOCKOMHYECKHe O0003HAYCHUS
COOTBETCTBYIOIIUX COCTOSTHUM.

Kaxkue coctostnust Bo3moxHbl y P, D u F TepMoB, orpannueHHbie BETMYMHOM crivHa s OT ()
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10.

10 5/2? 3anucath BO3MOXKHBIC CIIEKTPOCKOITUYECKHE 0003HAYCHUST COCTOSTHHM.

Bo BHemHel 0007109ke aToMa HaXOJSATCSl TP AJIEKTPOHA C OPOUTAIBHBIMU KBAaHTOBBIMHU
yucnami 1, 2, 3. Onpenenutsb BO3MOXKHBIE COCTOSIHUSI aTOMA.

HaiiTn BO3MOXHBIE COCTOSIHUSI aTOMa YTIepoa, dICKTPOHHAS KOHPUTypalrs KOTOPOTo
1s? 2s* 2p 3d.

7. llepuoanueckasi TadaunAa 31eMeHTOB. OCHOBHBbIE TEPMbI AaTOMOB.

Brimucats 31€KTpOHHYI0 KOHPHUTYPAIHIO U ¢ TIOMOLIBIO ITpaBuiia XyH/a HATH OCHOBHOM
tepm atoma Cl.

Haiitn ¢ moMomipro npasmwia XyHAa MOJHBIA MEXaHUYECKUMI MOMEHT aTOMa B OCHOBHOM
COCTOSIHHH, €CJTH €r0 He3arnoJHEHHAs MTOA000JI0YKa COAEPKUT TpU d-2JIeKTpoHa.

Haiitn ¢ moMomipro npasmwiia XyHAa MOJHBIA MEXaHUYECKUMI MOMEHT aTOMa B OCHOBHOM
COCTOSIHHH, €CJTH €r0 He3aroJHEHHAs MMOA000JI0YKa COJACPIKUT CEMb d-2JIEKTPOHOB.
OnpenenuTh OCHOBHOE COCTOSHHME aTOMa Maprania ¥ mona Mn™ .

Haiitn ¢ moMonipto mpaBuil XyH/1a MOJHBIA MEXaHUYECKHII MOMEHT aToMa B OCHOBHOM
COCTOSTHUM, €CJIM €T0 He3aIOJIHeHHAs TT0I000JI09Ka COJEPIKUT TpHU d-2JIeKTpOoHA

Haiitn ¢ moMonipto mpaBuil XyH/1a MOJHBIA MEXaHUYECKHII MOMEHT aToMa B OCHOBHOM
COCTOSTHUM, €CJTM €T0 He3aMOJIHeHHAs TT0I000JI0UKa COJCPKUT OJMH S-3JICKTPOH.

8. XapakTrepucTnyecKkue peHTreHOBCKHUE CIIEKTPHI.

Beruucnuth ¢ nmoMouipro 3akoHa Mo3iau pasHocTh 3Hepruil cBsa3u K- u L-anekTtpoHoB
BaHaMsL.

[Tpu HEKOTOPOM HAIpPSHKEHUU HAa PEHTI'€HOBCKOM TPyOKe ¢ aTlOMUHUEBBIM aHTHUKATOJIOM
JUIMHA BOJIHBI KOPOTKOBOJHOBOM I'PAHMILIBI CIUIOIIHOIO PEHTT€HOBCKOT'O CIIEKTpa paBHa
0.50 um. byaer nm HabGmogaThes npu dToM K-cepust XapaKTEpHCTHUECKOTO CIIEKTpa,
HOTEHIMA BO30YXKAeHUs KoToporo paseH 1.56 kB?

Haittu sHepruto cBsizu L-35ekTpoHa TUTaHA, €CIM Pa3HOCTh JIJIMH BOJIH TOJIOBHOW JIMHUU
K-cepuu u ee KOpOTKOBOJIHOBOI rpaHuLIbl AA=26 M.

Halitu 1qyuHy BOJHBI A, ONpPENENSIONIYI0O KOPOTKOBOJHOBYIO T'PAaHHUILY CILIOLIHOTO
PEHTT€HOBCKOTO CIIEKTpa, €CJIM H3BECTHO, YTO YMEHBIICHHE MPUIOKEHHOIO K
peHTreHoBcKoil TpyOke HamnpsbkeHus Ha AU=23 kB yBenuuuBaeT HCKOMYIO IJIMHY BOJIHbI
B 2 pa3za.

Kakyro HauMeHbIIyI0 pa3HOCTh NOTEHUHATOB U HAm0 NPWIOKUTh K PEHTIEHOBCKOU
TpyOKe, 4T0OBI MOJMY4YUTh Bce TUHMU K-cepum, eciin B KauecTBe MaTepHala aHTHKaTOAA
B3ATb MehL?

Kakyro HanmeHblIyl0 pa3HOCTh NMOTEHUHAIOB U HAaJA0 NPHIOKUTH K PEHTTCHOBCKOU
TpyOKe, 4ToObI MONTy4YuTh Bee MMHUU K-cepuu, eciu B KayecTBe MarepHalia aHTHKaToa
B3sTh cepedpo?

Kakyro HauMeHbIIyl0 pa3HOCTh NOTEHUHANOB U HAmo NPWIOKUTh K PEHTIEHOBCKOU
TpyOKe, 4T0OBI MOMY4YUTh Bce TUHMU K-cepum, eciin B KauecTBe MaTepHala aHTHKaTOAa
B3SITh BOJIb(pam?

Kakyro HanmeHblIyl0 pa3HOCTh NMOTEHUHAIOB U HAaJAO0 NPHIOKUTH K PEHTTEHOBCKOU
TpyOKe, 4ToObI MONTy4YuTh Bee MMHUU K-cepuu, eciu B KayecTBe MarepHalia aHTHKaToa
B3SITh IUIATHHY?

Haiitu 1OCTOSIHHYIO OSKpaHMpOBaHHS G M L-cepuM pPEHTITEHOBCKUX JIyded, €CIIH
U3BECTHO, YTO MpPH IMEpexoje OJJIeKTpOoHa B arome Bojibppama ¢ M- Ha L-croit
UCITYyCKAIOTCSl PEHTT€HOBCKHUE JIY4H C JUIMHOM BOJTHBI A=143 M.

[Ipu nepexone s3nekrpona B atrome ¢ L- Ha K-cioil uciyckaroTcsi peHTI€HOBCKUE JIyUH C
JuTHHOM BOJIHEL A=78.8 oM. Kakoii aTo atom?

9. MaruuTHblil MOMeHT aToMa. JDpdexTnl 3eemana u [lamena-baka.
1. Beimucats criekTpaiibHOE 0003HaUeHHE TepMa, Y Kotoporo S=1/2, J=5/2, g=6/7.



2. Beimucars criekTpaibHOE 0003HaUYeHHE TepMa, y kotoporo S=1, L=2, g=4/3.
3. HaiiTu MarHUTHBIN MOMEHT |1 ¥ BO3MOJKHBIEC 3HAUEHUS TPOEKIIUU aTOMa B COCTOSIHUH

'F
4. HaiiTu MarHuTHBIA MOMEHT 1 1 BOSMOXXHBIC 3HAYCHHA ITPOCKIMKU aTOMa B COCTOSAHUU
D
3/2.
5. OHpCI[eJ'II/ITB BO3MOKHBIC 3HAYCHUA MarHuTHOIro MOMEHTa aroMa B COCTOSIHHUH 4P.
6. BpBIUHCINTHE MArHUTHBIA MOMEHT aTOMa BOOOpPOJa B OCHOBHOM COCTOSAHUMU.

7. HaiiTu MexaHHMYECKHI MOMEHT aTOMa B COCTOSHHHM °F, €CJIM M3BECTHO, YTO B 3TOM
COCTOSIHUM MAarHUTHBI MOMEHT PaBeH HYJIIO.

8. HaiiTu MexaHHUYECKUI MOMEHT aToMa B COCTOSIHUM 'H, eclli U3BECTHO, YTO B 3TOM
COCTOSIHUM MAarHUTHBI MOMEHT PaBeH HYJIIO.

9. BBIYMCIHTH C TOMOINIBIO MPAaBHIa XYyH/Ia MAarHUTHBI MOMEHT OCHOBHOTO COCTOSTHUS
aToMa, B KOTOPOM HE3aINoJIHEHHAS 1101000109Ka UMEET YICKTPOHHYIO KOH(UTYPAITHIO
np°.

10. BolyuciuTh ¢ MOMONIBIO MpaBMiia XyH/Aa MarHUTHBI MOMEHT OCHOBHOTO COCTOSTHUS
aToMa, B KOTOPOM HE3aI0JIHEHHAsI 1T01000JI09Ka KMEET AICKTPOHHYIO KOH(PHUTYpaIiio
nd>.

11. Ha ckoibKO ypoBHe# paciiensrcs B c1aboM MarHUTHOM moJie TepMbl 2Fsn?, 4Dis?

12. HekoTopas cIeKTpajbHas JUHUS, OOYCIOBIEHHAs IEPeXoJoM B 2Si2 COCTOSHHUE,
pacmienmwiach B c1abOM MarHUTHOM Iojie Ha 6 KOMIOHEHT. OnpeaenuThb
CHEKTPaJIbHBIM CUMBOJI HCXOJIHOTO TEpPMA.

Tema 1. 3Hepl"lflﬂ CBfI3HM AaTOMHOI'O AApPAa.

1. IMonp3ysicb TaOIMYHBIMU 3HAUYEHUSIMH MAacC HYKJIWJOB HAWTH HHEPTUIO CBS3U U
YJIEbHYIO SHEPTHUIO CBA3U JuIs szpa 0.

2. Haiftn 5Hepruto Bo30yKIEHHUS A/pa ) Ph, BOSHUKAIOIIETO MPH 3aXBaTe SIPOM g5 Pb
HEUTpOHA ¢ MPEHEOPEIKUMO MAJIOH KMHETHUECKOM YHEPTUEH.

3. BBIYMCIIUTE SHEPTHUIO CBA3M HEUTPOHA B siape ;N , €CIIM U3BECTHO, YTO SHEPTHUS CBA3U
snep *N u N pasna cooteTcTBeHHO 104,66 1 94,10 M>B.

4. Tonp3ysice nomyamnupuyeckor popmyion Belzekkepa BIYHCIUTD SHEPTHIO CBSI3U
sapa o Zn.

5. Slopo [/Si mnepexomMT B «3epKambHOE» ANPO . Al, wmcubIThiBas B -pacman.
MaxkcumanbHasi KHHETHYECKasi SHEPrHs BbUIETEBIIET0 No3UuTpoHa K = 3,48 MsB. OueHuts 1o

3TUM JIaHHBIM 7, B hopmyIie 1ist pajmyca sapa R =7, A"

Tema 2. CIMH 1 MATHUTHBIA MOMEHT ATOMHOTI0 SI/IPA.

6.C IIOMOIIBIO MOACIIHU AACPHBIX 000JI0U€EK HAHTH CIIMH, YETHOCTh U MarHUTHBIN MOMEHT
sapa 1;0 B OCHOBHOM COCTOSAHHH.

7. HaifTu 4MCII0 KOMIIOHEHT CBEPXTOHKOTO PACHIETUIEHHs JTMHUK ~ B, — °S,,, U1 aToMa

39
K | cimn xotoporo pasen 3/2.

8. CnuH sgpa aroma JUTHS (€ro IOJHBIA YIVIOBOM MOMEHT) [ = 32- [Ipn yuere
CBEPXTOHKOIO0 B3aUMOJCHCTBUS MHTETpajloM JBHXKEHUS SIBJIAETCS MOJHBIE MOMEHT aToMma
F=1+J (J—yriaoBoili MOMEHT 3JIEKTPOHHOW 00o0souku). HalTh 1Ba BO3MOXKHBIX 3HAYCHUS
MarHUTHBIX MOMEHTOB aTOMa JIMTHUs, HAaXOAsAmerocs B cocTostHud 2°P,,. COOCTBEHHBIM

MAarouTHbIM MOMCHTOM sJipa npeHe6peqL.



9. I/ICHOHB?)yH BCKTOPHYIO MOJEIJIb, ITIOKAa3aTh, YTO erOMarHI/ITHBIﬁ MHOXHUTECJIb HYKJIOHA,
gs B gl

Haxozsierocs B cocrosnuu (1, J), g, =g, + YR
+

, TJIe 3HaK 1itoc i j =/+1/2; 3HaK MUHYC

i j=1-1/2; Esy &1 cniuHoBbIH 1 OpOUTANBLHBIN THPOMArHUTHBIE MHOKUTEIH.

i i 2Sl/z S Rb
10. B cuipHOM MarHMTHOM IIOJI€ KaXKIbI M3 NOLYypOBHEH TepMa aToma
pacuernsiercst Ha 6 komrnoHeHT. HaliTu criuH sigpa aToma.

Tema 3. OCHOBHO 32aKOH PAJIHOAKTUBHOI0 pacnajaa.

11. Kakast 1ons1 paIiMOaKTUBHBIX SIFIEP HEKOTOPOTO AJIEMEHTA paclaaeTcs 3a BpeMs f,
paBHOE NOJIOBUHE MEpUO/Ia Moidypacnana’?

12. AKTHBHOCTb PaJMOAKTHBHOTO MPEIApaTa YMEHBIIACTCS B YeThipe pasa 3a [ = 8 nmeit.

HaiiTu nepuon nonypacnana 3Toro mpermnapara.
234 238
13. 92% gBusiercs MPOIYKTOM pachaja OCHOBHOI'O M30Toma ypaHa 927 ° OmnpeneiuTh
234
HepHoJ nojypacmnaga 22~ | eclH ero CoJep)KaHhe B €CTECTBCHHOM YpaHE B HACTOSAIIEE BPEMsI
238
cocrapisier 0,0055 %. Ilepuon nonypacmaga 92~ pasen 7, =4,51-10° ner. Cuutath, 4TO

234
BHauaJie HapabOTaHHOTO °2° He ObLIO.

138 _1a.1010
14. Pamonykmn  Xe, obpasyiommaiicst ¢ mocTostHOM cropoctrio 4 = 10107 sapo/c

HCIIBITBIBACT ITPEBPAILICHUC 10 CXEMC
138Xe 17 mun )138CS 32 mun

>!38 Ba (craGuen)
(Hag cTpenKamMM yKa3aHbl IEPUOJIbI NOypacnaza). Beluuciaute cyMMapHyto aKTUBHOCTD
JAHHOTO TIpenapaTa yepe3 60 MUHYT 1ociie Hadala HaKOTIJICHUSL.

15. Paguonyxnun Mo ¢ nepuonom nomypacnaia 67 4acoB B pesyibTaTe B-pacmana

IpeBpalaeTcss B CTAOWJIbHBIA HYKIHI

Tc . Tlpu stom 75 % [-npeBpaiieHuii uueT vepes
M30MEPHOE cocTosHue *Tc ", MepHoJl Moaypachaaa Kotoporo 6,04 uacos. OnpenenuTh YuCiIo
CTaOWIBHBIX sfep ~Tc B mpenapare yepe3 20 4acoB Mocjie Hadyana HAKOIUIEHHs, CUMTAs, YTO

* Mo obpasyeTcs ¢ IOCTOSHHOI ckopocThio ¢ =1,0-10" sapo/c.

Tema 4. a-pacna.

16. Onenuts nepuoA nosxypacnaga 7' paIMoOaKTUBHOTO S/Ipa, UCITYCKAIOIIETO O.-9aCTUIIBI

¢ sHeprueit 1 MaB, ecnu sapo *,.Th umeer nepuo nonypacnana T =1,4-10" ner u ucnyckaer

0.-4acTHIBI ¢ SHepruei 4 MoB, a mns sapa . Ponepuon monypacnana pased 7 =3-10"¢ u
E, =8,8M5B .

17. OueHUTD BBICOTY KYJIOHOBCKOTO 6apbhepa JIsl Oi-9aCTHIL, HCITyCKAEMBIX paMK o Rn1
y KoTopbIX nepuoj noiypacnaga T = 3,8 cyrok. KakoBa y atux sanep mupuHa 6apeepa Juist o-
yacTull ¢ 3Heprue £ =5,5M>B?

18. [lomaras, 4to mepen o-pacnazoM B siipe 0Opa3zyeTcs caMOCTOSITeNIbHAs O.-4acTHIIa,
OLICHUTH OTHOILECHNE MHTEHCUBHOCTEHM JBYX IPYNI OL-4ACTULl C KUHETUYECKUMU SHEPTUAMHU 6,3
M5B u 7,5 MsB, ucnyckaeMbIx sapamu ~'Rn. B 060ux cilydasx 4acTOTy yAapoB O CTEHKY
NOTEHLUAIBHOIO Oapbepa CYUTaTh OJMHAKOBOM.

19 BBIqI/ICHI/ITB OTHOLICHUC HpOHHHaeMOCTeP'I I O-4acCTHll, I/ICHYCKaeMBIX ${)1paMI/I
*Th , ¢ sueprueit 6,33 u 6,22 MaB.



20. OnpenenuTs OTHOIIEHUE BBICOTHI IIEHTPOOEKHOTO Oapbepa K BBICOTE KYJIOHOBCKOI'O

209 -
Oapbepa NS O-4aCTHUI], HCIYCKAaeMbIX SJIpaMH Po ¢ op6uransusiM Momentom [ = 2.
3aKkpyriieHueM BEPIIUHBI KYJIOHOBCKOTO Oaphepa mpeHeOpeyb.

Tema S. B-pacnan.

21. BoIYUCIUTh MaKCUMAJIbHOE 3HAYEHUE UMITYJIbCA 3JIEKTPOHOB, UCIYCKAEMBIX SAPAMU

10
Be, €CJIM M3BECTHO, YTO JOYCPHHUC AJpa OKa3bIBAIOTCA HCIIOCPCACTBCHHO B OCHOBHOM

COCTOSAHHH.

152
22. VccrnenoBanue saepHBIX CBOCTB LU ma mpemmsmonHOi ycranoske TRISTAN

(Opannus, ['penobnp) mokaszano, 4TO B pe3ysbTaTe AJIEKTPOHHOIO 3aXBaTa M IMOCIEIYIOIIETO

152
UCITyCKaHHsI HEUTPUHO ATO SAPO MEPEXOAUT B BO3OYKIEHHOE SAPO Sm , @ 3aTeM B OCHOBHOEC
. E =963xsB
COCTOSIHME IMYTEM MHCIIyCKaHUsl Y-KBaHTAa C BSHeprues ! .
. AE =1338B
OKa3zaJlach paBHOU , @ BpeMsl )KMU3HU BO30YKICHHOTO COCTOSHUS
SHEPTHIO BBUICTEBIIETO HEUTPUHO.
23. OmpenenuTh HEPTHIO OTAAYU aToMa JUTHS, KOTOpOoe 00pazyeTcss B OCHOBHOM
COCTOSIHMH TIPHU TTOTJIOMICHUH 3JIeKTpoHa ¢ K-0001049KH simpom aTomMa OeprlIns.

[llvpuna >TON NUHUKU

1=40 qbc. ONEHUTD

24. Tlpu pagrioaKTUBHOM pacriajie “Co UCITYCKaeTCs dJCKTPOH, CIHH KOTOPOTO
napajuiesieH UMIyJibcy. CauTas, 9To JIEKTPOHBI BEUICTAIOT U3 00pa3iia U30TPOITHO, OIICHUTh, Ha
KaKOW yroJ () IOBEpHETCS JNCK, NOJIBEIICHHBIN HA HUTH, €CJIA 00pa3el] kobaapTa epeHeceH Ha
OJIHy U3 TMOBEPXHOCTEH aucka. TommuHa AUCKa JOCTATOYHA IS MOJHOTO IMOTJIOIIEHUS B HEM
JJIEKTPOHOB, BBLUICTAIOIIUX B CTOpPOHY JTICKA. AKTHBHOCTH mpermapara
Cil—];/ =0,37Tbx =0,637, pacn/c, MOLylb Kpy4eHHs! HUTH paBeH a = 10" %
pa

7 Be 1 Be—>]Li
25. Slapo 4°¢ meperpy:keHo IPOTOHAMH M HUCIIBITHIBACT IpEBpaIcHue 37" Macchr
3TUX aTOMOB paBHbI cooTBeTCTBEHHO 7,0169 m 7,0160 a.e.m. Ompenenautbh TUI yKa3aHHOTO

HpEBpALLCHHUS.
Tema 6. y-pacnapn.

26. C KkaKoil OTHOCUTENIbHON CKOPOCTBHIO Ha/l0 CONMMKATh KPUCTAIIMYECKUI HMCTOYHUK,
191
cojiepKaniiuii  BO30y>KJICHHBIE sIpa (oHeprust Bo3OyxjaeHus 129 k3B), ¢ wmwumieHslo,
191
. Ir
cozeprkaieii ceodonHble sapa 77, uTo0BI HAOMIOJaTh MAKCHMAIBHOE MOTJIONICHUE Y-KBAaHTOB

B MUILICHU?

27. CBoboaHOE MOKosIIeecs Aapo Macchl M mepexoauT u3 BO30YKIECHHOTO COCTOSIHUE B
OCHOBHOE, WCITyCKasl, UCITyCKas Y-KBaHT. HaliTu »Hepruto y-KBaHTa M SHEPruio otaadu R, ecnu
>Heprust BO30Y kK aeHus paBHsiiach W. UnCIEHHBII OTBET MONYYHTh Ui ) I, ecim W =129 kaB

28. lisi w3MepeHusi TPaBUTAIIMOHHOTO CMEIICHHUS YacTOThl € TOMOIIbI 3ddekta

57
e .
Meccbayapa UCTI0Ib30BAIH Y-JIyUH, HCITyCKaeMbIe BO30YKIACHHBIM sIIpoM 267 © (3Heprus y-myueit

_ -9
E = 14,4 k3B, mmupuHa nuHuu I'=4-10" 5B ). [Ipu kakoi pa3HOCTH BBICOT MEXY NPUEMHUKOM

(MOrJ0TUTENEM) U UCTOUHUKOM Y-IUHUS cMecTUTCs Ha 1 % OT IUpPUHBI TUHUM (IIPU 3TOM ellie
MO>KHO 3aMETUTh U3MEHEHHE MOTJIONICHUS Y-TTyqeit)?
29. Ha cnektpometpe Bbicokoro paspemenus GAMS4 B ['peno6ie (Ppanmus) y u3oromna

3aperUCTPUPOBAH KAaCKaIHBIA MEPEX0 U3 BHICOKOBO30YKICHHOTO B OCHOBHOE COCTOSIHUE C



E,=SMoB , E,=15M>B
AE =4009B

MOCJICIOBATEIbHBIM HCIYCKaHUEM JBYX Y-KBAaHTOB C SHEPTHIMHU
[Tpeunsnonnsie u3MepeHust GOpMbl TUHUU £y MOKa3ajM, 4YTO OHa UMEET HIUPUHY

OueHuTh BpeMs KU3HU YPOBHS C SHEPrUeE £,
57
o e
30. Hcrounuk, conepkamuii sapa u3otoma 267 © | KOTOpPBIC HMCIYCKAIOT Y-KBAHTHI C

. E,=14,4x5B o TC=4-10"°5B
OHEPrucu ¥ U NIUPHUHOU JIMHUH , IOMCIICH B LCHTP BpallaromICrocsa

JIMCKA, a IOTJIOTUTENb U3 TOTO ke MaTtepuaiia — Ha paauyce R = 1 M. C kakoil yactoroi {2 HyKHO

BpAIaTh IHCK, YTOOBI CMemeHHe A®4acTOThl MOMIOTHTEIS OTHOCHTEIBHO H3IydaTeis
paBHsu1oCch 1/10 mmpunbl TuHIEM Meccbayapa?

Tema 7. B3aumoaeiicTBue H3J1y4YeHHUs BellleCTBOM.

31. Onpenenuts, BO CKOJIBKO Pa3 YMEHBIIAETCSI MHTEHCUBHOCTD Y3KOT'O ITyYKa TEIUIOBBIX
HEUTPOHOB I10CJIE ITPOXOXKACHUS IJIACTHH aJOMUHUSA TONIIKMHON 3 cM. Ha BbIXOAe U3 miacTuH
PErUCTPUPYETCS IIyYOK IIE€PBOHAYAIBHOW IIUPUHBL.

32. IIoTOK HEUTPOHOB M3 PEAKTOpA, MMEIOIIMX MAaKCBEIJIOBCKOE PpAaCIpElEICHUE I10

CKOPOCTSIM C TEMIIEpaTypoiu I=370K , TIPOIYCKAeTCsl 4epe3 TOHKUM IOIMKPUCTAUINYECKUI
(GuIBTp U3 MpeccoBaHHOTO Mopolka rpaduta. Haiitu, kakas 10151 HEHTPOHOB MPOXOIMUT Yepe3
Takol ¢uibTp. MakcuManabHOE MEXKIUIOCKOCTHOE PAacCTOSIHUME JUIsl PEeLIeTKH rpaduTa paBHO
3,35- 107" m.

33. Haiitu cpeHIO0 JJIMHY CBOOOIHOTO IpoOera Y-KBaHTOB B CPEJIE, CIIOH MOJIOBUHHOTO
ocnalieHus KoTopoii paseH 4,50 cm.

34. BelYMCAUTh SHEPTUIO Y-KBAHTA, 00Pa30BaBLIETO B [10JI€ MOKOSAIIETOCs TSHKEJIOro sapa

napy 3JE€KTPOH—IIO3UTPOH, €CJIM U3BECTHO, YTO JUIS Ka)K10M YaCTHUIIbI IIapbl Bp=3,0KIc-cm.
35. CKOJIBKO CJIOEB MOJIOBUHHOTO OCIa0IeHHs B IUIACTUHKE, OCIA0ISIONIEeN Y3KUIM My4OK
MOHOIHEPreTUUECKOI0 PEHTI€HOBCKOro n3nyuenus B 1000 pas?

Tema 8. IIpoxoxkaeHne 3apsKeHHBIX YACTHII Yepe3 BelecTBO.

36. OueHuts, Kakas A0Js IPOTOHOB KOCMUYECKOTO M3JIyYEHUS JNOUAET A0 IOBEPXHOCTH
3emiiu, He UCIIBITAB AEPHOT0 B3auMoaecTBus. [IpOTOHBI yIbTpapensTHBUCTCKUE.

37. OneHuTh, HACKOJBKO TOJNIIA 3eMJU OcHabiseT MOTOK HEUTPUHO, MPUXOISIIUX C
IIPOTUBOIOJIOKHOW CTOPOHBI 3€MHOIO IIapa. YCPEOHEHHOE II0 JHEPreTHYECKOMY CIIEKTPY

_ 3
CcedeHHe MOTJIOMEHNs HEHTPUHO Ha aTOMHBIX SIpax IPyHTa paBHO P = 552/cem” DddexTrBHAsL

otHOCHTeTbHAs aToMHas Macca 4 = S0.
38. HaiiTu KHHETUYECKYI0 SHEPIHIO AIIEKTPOHOB, KOTOPBIE, IPOXOAS Cpely € IOKa3aTelIeM

npenomuenus 1,50 U3JIy4aroT CBET M0J YIJIOM 0=30° HAIIPABJICHUIO CBOETO JIBUIKEHUS.
39. Beruucnuth pajivallioOHHbIE OTEPU IEKTPOHA ¢ KMHEeTHYecKoi sHeprueii 20 M»B Ha
€AVHUILY IIyTH B AJIIOMUHHH.
40. Bo ckonapKO pa3 paaudalMOHHBIE TOTEPH DJIEKTPOHA B CBUHIIE OOJIbIIE, YE€M B
ATIOMUHUU?

Tema 9. Snepubie peakuun. 3akoHbl coxpaHeHus. HMmmyiabcHasi amarpamma
YIPYIOro paccesiHus.

10 Tr -
Brruncauts KHMHCTUYCCKYIO SHCPTHUIO OL-HaCTHUILIbI, 06pa3y10meﬁc;1 B p€aKnuun B(I’l, O(') Li

o o 10
IIpu B3aUMOJCUCTBHUU BECbMa MCIJICHHBIX HCUTPOHOB C IMOKOAMIUMHUCA dApaMU HYKIWOA B .



€CJIM DHEPTUS PEaKLIUU Q=+28M>B

0TI . Jo = 10 ¢ en™
. [ImoTHOCTP MOTOKAa HEHTPOHOB, BBIXOAAIIMX U3 PEAaKTOPa, PaBHA .
OmnpenenuTs BBIXOJ PEAKLUU B €AMHUIY BPEMEHU (OTHOLIEHUE YMCIA aKTOB PEaKLHUU K YUCITY
YaCTHII, yNABIINX HA €AMHUILY IUIOMIAN MUIICHH B €IMHUILY BPEMEHH) B MUIIECHH TOJIINHON |

1027 .2 102 -3
em. Ceuenne peaximn © =10 M nnornocts sep mumerm 7 =107 ¢

Ky ei T, SLi
43. OHpe,[[eJII/ITL KHHCTUYCCKUEC OHHCPIrun n HCUTPOHA U sAApa A JIATUA .

Tr-
06pa3y10u11/1xc;[ npu (bOTOpaCH_ICHJIeHI/II/I AApa Li nox ACUCTBHEM 7Y-KBaHTAa C OSHEPIUCHU

E =15M>5B o
¥ , €CIIH HEUTPOH BBUIETAET «BIEpPEN», T.€. IO HAIPaBJICHUIO ITy4YKa Y-KBAaHTOB.

Tr s 67 = =
DHEPruu CBA3M A1ep Li y "Li PaBHBI COOTBETCTBEHHO By =32M>B u E,=39,2M>B .
44. Kakyio 10710 KUHETHYECKOM HEPrUM TEPSET HEPENATHBUCTCKAS OL-4aCTUIA TPHU

yrpyrom paccesimu o yriom © = 60° (5 cucreme nentpa macc) na moxosimenmcs sape yriepoaa
12C_

45. CornmacHO COBpPEMEHHBIM IpezcTaBiieHusAM Ha CoislHLE ceiiyac OCyleCTBIISETCS
3BE3/IHBIA YIJICPOIHBIA LIUKJ, B PE3yJbTaTe KOTOPOTO M3 YEThIpeX MPOTOHOB OOpaszyeTcs o-

15 12,4
yactuna. KoHeuHo# peakiuell 5TOro IMKNIa sBIseTcs peakuus + N—>7C+He. OLeHuTb,

Kakas JO0JIA DOHEPIUHU OT MTOJTHOM OHEPIur UKJIA BBIACIACTCA B JTOM pEe€aKkunu.

Tema 10. Snepuble peakunm, wuaymme 4epe3 cocraBHoe sigpo. Ilopor
JHA0IHEPreTHYECKO AIePHOH peaKuHu.

46. Tlpu G60oMOapIUpPOBKE MUIICHH U3 Yyriepoja JACUTPOHAMU BO30YXTaeTcs siAcpHas

Be(d, n)*N

peakuus , BBIXOJ KOTOPOM MaKCUMAJIEH JUISl CIEAYIOUIMX 3HAYCHUN KHHETUYECKOU

SHEPruM  JIEUTPOHOB: 0,60;0,90;1,55;1,80 M>5. Haittu  cooTBeTcTByIOlIME  ypPOBHU
IIPOMEXKYTOUHOTIO fAIpa, Yepe3 KOTOPbIEC NIET JAHHAS PEAKLM.
47. HailTu MakCHMaJIbHY}0O KHHETHYECKYI0 SHEPIHMI0 O-4acCTUL, BO3HUKAIOIIUX B

16 14
pe3yJbTaTe peaKiuu O0°(d,0)N" +3,1M>B

M>»>B.

npu 3Hepruu OoMOapaupyromux AeUTpoHoB 2,0

7
48. OmpeielnTh KHHETHYCCKYIO OJHEPIHIO sigep D€, BOSHHMKAIONIMX B PEaKIuH

.7 7 _
p+Lit > Be +n, Q=-1,65MoB IIPU TIOPOTOBOM 3HAYCHUU SHEPTHH IMPOTOHA.

49. HailTu mTOpOTOBYIO DJHEPTUI0 Y-KBAaHTA, MPU KOTOPOH CTAHOBUTCS BO3MOXKHOM
SHIOTEPMHYECKAs peakus GOTOPACIIEIUICHHSI TIOKOSIIIETOCS SIpa MacCoi M, eciiu ero sHeprust
peakiuu paBHa Q.

15
50. OmpenenuTs KuHETHYCCKyR odHepruio sep O, BOSHHKAIONMX B PEaKIHH

19 15 _
n+F7 > 07+ p+an, Q=-358M>B IIPpY IOPOTOBOM 3HAYECHHUH SHEPIUH HEUTPOHA.

Tema 11. DuiemenTapHble yacTuubl. Pacnan yacruu.

51. OnpenenuTs MOPOTrOBYIO SHEPIHI0 POXKACHUS Hapbl X-TUIEPOHOB MPU OOIyUYEHHUH
IIPOTOHAMH KHUJKOBOJAOPOJHOM MULICHH.

52. HaiiTu, kakue U3 caMbIX TSDKEJBIX SJIEP U aHTUAJAEP MOTYT 00pa30BaThCsl B PEAKLIUU

. E,=310"5B

IIPU COYJIAapeHHH IPOTOHA C DJHepruen 7 C HENOJBWXHBIM IIPOTOHOM WU Ha

BCTPEYHBIX IIy4KaX IPOTOHOB, YCKOPEHHBIX JI0 TAKOM K€ SHEPIUH.

K, =50 M5B

53. m-ME€30H C KMHETHYECKOW >Hepruen pacrancst Ha JIETy Ha MIOOH U



HelTpuHoO. [1o7 KakuM yriioM BBIJIETEN MIOOH, €CJIM YToJI BblIeTa HEUTpuHO paBeH 90°?7
54. B xakux mpejenax u3MEHsIEeTCsl yroJl pas3JieTa Y-KBaHTOB, 00pa3yONIMXCs TIPH pacraze

0 0 0
Ha JIETy PEISATUBHCTCKOTO ™ Me30Ha (m _)Y'W), €CIM KUHEeTHYecKas »Heprus ™ Me3oHa

paBHa 300 MsB,

55. Haiitu, uemy paBHO HanOOJIbIII€E KOJINYECTBO 3aPSYKEHHBIX WM HEUTPAIbHBIX THOHOB,

., E, =5I5B

KOTOpPO€ MOXXET OBITh 00pa30BaHO MpPU CTOJKHOBEHMHM NPOTOHA € 3Hepruet 7 c
HOKOSIIIUMCS IPOTOHOM.

Tema 12. CBoiicTBa 3JIeMEHTAPHBIX YaCTHIL,

_ n+mn (1) .
56. Kakue u3 nmpuBeIeHHbIX KaHAJIOB pacnaia ~ —» Atn (2) 3aMpeIeHbl ¥ 110 KaKo!
+ T

MpUYrHE?
57. Tlomp3ysicb 3aKOHOM  COXPaHEHUs HW30TONMHMYECKOIO0 CIOMHA B  CHJIBHBIX

+ 0
B3aMMO/JICUCTBUAX, BBIYUCIUTh OTHOLIEHUE CEUEHUN PEaKIUi prtp—on +d pttp—ont d

+ -_—
58. B 1983 1. GBUT OTKPBIT HefTpanbHbIit Z-6030H. [Ipn anamise ero pacmaza £ > M +H

o = — ] o
HaAuACHBI ABa CJI€da MIOOHOB C I/IMHy.]'IbcaMI/I p 85FBB/C HpI/I erIe paSHeTa e - 70 . HaI/ITI/I
Maccy ¥ CKOpoCTh Z-0030Ha

59. Peakuus unet no cuiabHOMY B3auMoeicTBuio. Kakas gactuna 1omkHa 00pa3oBaThes

omHOBpeMeHHO ¢ K 0 TIPH CTOJIKHOBEHHH T C MPOTOHOM?

60. Ilon melicTBMEM MPOTOHOB KOCMHYECKHX JIy4eil B aTMocdepe 3eMIu TeHepUPYIOTCs
3apsbKeHHbIE T-ME30HBL. [lo Mepe mpoxokKaeHus K MOBEPXHOCTH 3€MJIM OHU PACMaAI0TCs C
o0pa3oBaHNEM MIOOHOB, KOTOpPbIE Takke HecTabuinbHbl. Kakas 1oimkHa ObITh 3aperucTpupoBaHa
y HOBEPXHOCTH 3€MJIM BEJIMYMHA OTHOIIEHHUS MMOTOKOB MIOOHHBIX M 3JIEKTPOHHBIX HEUTPHUHO,
POJIUBLINXCS B pe3ysbTaTe pacnajoB ATUX YacTul? YacTULIbl U aHTUYACTHIIBI B SKCTIEPUMEHTE HE
pa3IuyaroTCs.

Tema 13. KBapkoBasi CTpPyKTypa aJJpOHOB.

=0
[l

61. OnpenenuTs KBApKOBBIM COCTAB

62. YCTaHOBHTH KBapKOBHIi cocTaB {2 rumepomna.
63. HMcxonss u3 KBAapKOBOM MOJIEIM, HAWUTH CTPAHHOCTH SJECKTPUYECKU HEHUTPaIbHOTO

L=-1/2 GapuonnbM 3apagom B = 0. Uto 310

aJpoHa C MPOEKIMEl N30TOMUYECKOTO CIIMHA
3a yactuna?

64. Ilpu CTONKHOBEHUHM BCTPEUYHBIX MPOTOH-AHTUIIPOTOHHBIX ITyYKOB BO3MOXHO
poxxnenne W-6030H0B. Hammcatp 3Ty peakiuio Ha KBapkoBOM ypoBHE. OIEHUTH MOPOTOBYIO

OHCEPIUuto NpPpOTOHOB, €CJIN U3BCCTHO, YTO UMITYJIbC HYKJIOHA PACHIPCACIACTCA MCKAY KBApKaMU U

2
My,c” =80,6 I5B.
rarooHaMu B otHomennn 0,45: 0, 55. Macca W-0o3oma = 7 ’

65. OmnpenenuTtb, BbllIE KAaKOW MHUHHMAJIbHOM JHEPTUHU Ermin BCTPEUHBIX JJIEKTPOH-
MO3UTPOHHBIX IMYYKOB, HMMEIOIIMX OJIMHAKOBYIO JHEPrUI0, MOTYT POXKAAThCS YACTULIBI M3

y myc® = 5279 M>B
cemeiicTBa «kpacuBbIx» (B-Me30Hb1). DHeprus nokos B-me3ona "B :

TecroBble 3a1aHNs 0 y4eOHOH MporpaMmme
TecToBbIE 3aaHUS COCTOMT U3 TEOPETHUECKUX BOIPOCOB MO TEMATHUYECKHM pa3jeiiaM
paboueii mporpaMMbl yueOHOM IUCIMIUIUHBL. BO Bcex BOIMpocax KaXKJoro TecTa Mpe/Inoiaraercs



BBIOOP OJIHOTO M3 NMPEIOKEHHBIX BO3MOMXHBIX OTBETOB.
Cucrema OLIEHOK BBIIOJTHEHHUS! KOHTPOJIBHOTO TECTUPOBAHUS:
— «OTJIMYHO» — KOJIMYECTBO MPaBWIbHBIX OTBETOB OT 85% 10 100%;
— «XOpOIL0» — KOJIMYECTBO NMPAaBUIbHBIX 0TBETOB OT 70% 10 84%;
— «YJOBJIETBOPUTEIILHO» — KOJIMYECTBO MTPaBUIIbHBIX OTBETOB OT 55% 10 69%.

Kopnyckyasipabie CBOiicTBA U3JIy4YeHHsI
Tecr Ne 1.1

1. Takue (usnveckue sBICHUSA Kak MHTepPepeHIus, TUdPaKIns U MPEIOMICHUE CBETa
MOJTBEPKIAIOT €0 KOPIYCKYJISIPHYIO TPUPO/TY.

a) na,

0) Her;

B) YTBEPI)KICHHE HEKOPPEKTHO.

2. CBer HcITycKaeTcs U MOIIOIAeTCs MOPUUAMHU (KBaHTaMHU), T.€. JUCKPETHO.
a) na,

0) HeT;

B) YTBEPXK/IEHNE HEKOPPEKTHO.

3. BenmuuHa oToToka HackImeHus npy BHEIHEM (oTodhdekrTe MOoKeT He 3aBUCETh OT
YacTOTHI U3ITyUCHHS.

a) 1a;

0) HeT;

B) YTBEpXKICHHUE HEKOPPEKTHO.

4. Ilonatus reomerpuyeckux (HopM M pa3MepoB NPUMEHHUTENBHO K (POTOHAM HE MUMEIOT
CMBICITA.

a) z1a;

0) Her;

B) YTBEPXK/IE€HUE HEKOPPEKTHO.

5. ®OTOHBI Pa3IMUHBIX JUIMH BOJH B BAKYyM€ UMEIOT PA3JINYHYI0 CKOPOCTb.
a) 11a;

0) Her;

B) YTBEPK/I€HNE HEKOPPEKTHO.

6. Bemuuuna ¢QoTtoroka HachlleHHs TNpu BHeMHeM (oTodddexkTe 3aBUCUT OT

V>ABBIX/h'

MHTEHCUBHOCTH U3JTyUYECHHUSI, €CIIH
a) na,
0) HeT;
B) YTBEPXK/IEHNE HEKOPPEKTHO.

7. Dddexr lomepa B ONTHKE, MPOSBISIOMIUNACA B W3MEHEHUM YACTOTHI M3ITyYCHUS,
PETHCTPUPYEMOM NMPUEMHHKOM NIPH €ro JBHKCHHU OTHOCHUTEIHLHO HCTOYHHKA CBETAa MOXKHO
O0OBSACHUTH HA OCHOBE 3aKOHOB COXPAHEHUS UMITYJIbCA U SHEPTHH.

a) 1a;

0) HeT;

B) YTBEP)KJICHHE HEKOPPEKTHO.

8. D dexT Meccbayrpa He HaOIIOJACTCS B BUIUMON 00JIaCTH CIIEKTpa.



a) na;
0) Her;
B) YTBEPI)KICHHE HEKOPPEKTHO.

9. Dddexkr Meccbayspa SBISETCS CIEICTBHEM 3aKOHA COXpaHEHHsI HMITyJbca, B

PE3YIbTAaTEC 4€Tr0 4YaCTOTHI Y-KBAHTOB, MCITYCKA€CMbIX M IMOINIOIACMBIX sApaMH aTOMOB OJHOI'O U
TOI'0 K€ BCIICCTBA CTAHOBATCA OJJUHAKOBBIMHU U IMOABJIACTCA PE3OHAHCHOC MMOTJIOMICHUC.

a) na;
0) Her;
B) YTBEpPX/I€HUE HEKOPPEKTHO.

10. I[J'ISI HUHTCPIIPETAlNUN SBJICHUS KomnTona HCIOJIB3YCTCA TOJIBKO 3aKOH COXPaHCHUSA

MMITYyJIbCa.

a) na;
0) Her;
B) YTBEpPX/I€HUE HEKOPPEKTHO.

11. doton — 9JICMCHTApHAasA 4YaCTulld, KOTOpas HC HCIbITBIBACT TI'PABUTALITMOHHOI'O

IMPUTAKCHHA.

a) 1a;
0) HeT;
B) YTBEPXKICHHUE HEKOPPEKTHO.

12. I1o mMepe ynaneHus OT 3Be3/bl JUIMHA BOJIHBI (POTOHA YBEITMUUBACTCS.
a) 11a;

0) Her;

B) YTBEPXK/I€HUE HEKOPPEKTHO.

13. CBeToBOE AaBlIEHUE OKAa3bIBAIOT KBAHTHI F'aMMa M PEHTI€HOBCKOI'O M3JIyYEHUS U HE

OKa3bIBAOT KBAHTBI BUAUMOI'O CB€TA U PAJJUONU3ITYUCHUA.

a) na;
0) HeT;
B) YTBEPXK/IEHNE HEKOPPEKTHO.

14. Tlpu mornomeHnu (HOTOHA aTOMOM WIIM MOJEKYJOW 3HEprusi (JOTOHA IMMOJHOCTHIO

IepeaacTCsa uM.

a) 1a;
0) HeT;
B) YTBEPXK/IEHNE HEKOPPEKTHO.

15. B sBnennn KoMnToHa HpOSBISIIOTCS 3aKOHBI COXPAaHEHUS SHEPIrUU U UMILYJIbCa

cucTeMbl (POTOH — AJIEKTPOH, B3aUMOEHCTBYIOIIUX JIPYT C IPYTOM.

a) na;
0) HeT;
B) YTBEPXK/IEHNE HEKOPPEKTHO.

16. B mpotiecce paccesiHus CBeTa aTOMaMH WJIM MOJICKYJIaMH MUMEET MECTO JIOKaTH3aIlusl

sHepruu GoToHa Ha 0OBEKTE PACCESHUS.

a) na;
0) HeT;
B) YTBEPXK/IEHNE HEKOPPEKTHO.



17. ®oTOH raMMa-u3Iy4yeHUs MMEET MEHbBIIYI0 TI'PaBUTAI[MOHHYIO Maccy, ueM (OTOH

UH(PPAKPACHOTO U3ITYUYCHHUSI.

a) na;
0) Her;
B) YTBEPI)KICHHE HEKOPPEKTHO.

18. TOpMO3HOC PEHTICHOBCKOEC M3JIYUCHUC BOSHUKACT BCIICACTBUC TOPMOXKCHUA (1)OTOHOB

PCHTI'CHOBCKOI'O U3JIYUCHH B BCUICCTBC.

a) na;
0) Her;
B) YTBEPI)KICHHE HEKOPPEKTHO.

19. TOpMO3HOC PEHTICHOBCKOC H3JTYYCHHE BO3HHMKACT BCICACTBUC TOPMOXCHUA

9JICKTPOHOB B BCHICCTBC.

a) 1a;
0) HeT;
B) YTBEPKICHHE HEKOPPEKTHO.

20. IIpu paboTe PEeHTTeHOBCKOW TPYyOKH MPOUCXOJMWT CHIIBHBIH HArpeB aHTHKATOAA, W

IMO3TOMY €10 ACTIAI0T MaCCUBHBIM.

a) na;
0) Her;
B) YTBEPI)KICHHE HEKOPPEKTHO.

21. DOmneprus ¢oroHa uH(DpaKpacHOro M3AyUYeHHUs OoJble dSHEeprur (HOTOHA

PCHTI'CHOBCKOI'O U3JTYy4YCHMUA.

a) 11a;
0) Her;
B) YTBEPXK/I€HNE HEKOPPEKTHO.

22. Macca cBOOOHOTO JIEKTpOHA MPH MOIJIOMIEHUN (POTOHA YBETUUUBAETCS.
a) na;

0) Her;

B) YTBEpPX/I€HUE HEKOPPEKTHO.

23. Korz[a MBI TOBOPpHUM «1aCTOTa (bOTOH&)), TO UMCCM B BUY, UTO O3TO 4aCTOTA KoJiIeOaHM

HAITPS’KCHHOCTHU BJICKTPUUCCKOTO U MArHUTHOTI'O ITOJIA.

a) na;
0) Her;
B) YTBEpPX/I€HUE HEKOPPEKTHO.

24. Tlox ayuHOM BOJIHBI (POTOHA OHUMAIOT €r0 FT€OMETPUYECKHE Pa3Mephl KaK YaCTHUIIbI.
a) 11a;

0) Her;

B) YTBEPK/I€HNE HEKOPPEKTHO.

25. CkopocTh pacnpocTpaneHus ((OTOHOB B CpPe/ie HE3aBUCUMO OT UX JIJTMHBI BOJIHBI BCET/Aa

OJWHaKOBa.

a) 11a;
0) Her;
B) YTBEPK/I€HNE HEKOPPEKTHO.



26. B ciyuae HOpMabHOU TUCIIEpCHH (OTOHBI ¢ OOJBIINM 3HAYCHHUEM JJTHHBI BOJIHBI
PacpoCTPaHIIOTCS ¢ OONBIICH CKOPOCTHIO, YeM (POTOHBI ¢ MEHBIIIUM 3HAYCHUEM JIJTHHBI BOJTHBI.

a) na,

0) Her;

B) YTBEPI)KICHHE HEKOPPEKTHO.

27. ®oTOH, pa3mMepbl KOTOPOTrO MEHbIIEC pa3MEpPOB aTOMa, MOXKET ObITh UM HOIJIOIICH, a
¢$oToH, pazMepsl KOTOPOTo OOJIBIIE pa3MEPOB aTOMa HE MOXKET ObITh UM IOTJIOLICH.

a) na,

0) Her;

B) YTBEPIKICHHE HEKOPPEKTHO.

28. JlnuHa BOJHBI KOPOTKOBOJHOBOM T'paHMIIBI CIEKTpAa TOPMO3HOIO PEHTITCHOBCKOTO
U3JTy4YCHHUsSI 00paTHO MPOMOPIIMOHATbHA HAMPSHKCHUIO Ha PEHTTCHOBCKOM TpyOKe.

a) 1a;

0) HeT;

B) YTBEPKICHHE HEKOPPEKTHO.

29. 3HavyeHHe KpacCHOW TPAHUIBI CIIEKTPa TOPMO3HOIO PEHTTCHOBCKOTO H3JIy4CHHS
3aBHCHUT OT MaTepuaa, i3 KOTOPOTo W3rOTOBIICH AaHTUKATO/I.

a) na,

0) Her;

B) YTBEPI)KICHHE HEKOPPEKTHO.

30. 3HavyeHWe JIMHBI BOJHBI KpacHOW rpaHuilel ¢otodddexra ompeaensercs padboTou
BBIX0/Ia HJIEKTPOHOB C IOBEPXHOCTH METAIA.

a) 11a;

0) Her;

B) YTBEPXK/I€HNE HEKOPPEKTHO.

Tecr Ne 1.2
1. ®OTOH UK CBETOBOM KBAHT B [TIOKOE CYLIIECTBOBATH HE MOKET, U €r0 Macca I0KOs paBHa
2. Buytpennuii GoTorpPeKT COCTOUT B TOM, YTO O] ACUCTBUEM CBETa T'€HEPUPYIOTCS
, KOTOpBbIE SIBJIIOTCSI HOCUTENISIMU TOKA B IOTYIIPOBOAHHKE.
3. KBagpar MakcuMaJbHON CKOPOCTH BBIPBIBAEMBIX IpU BHEIIHEM (oTodddexTe
JJIEKTPOHOB JIMHEWHO 3aBUCHUT OT U3JIy4YEHUs U HE 3aBUCUT OT MHTEHCUBHOCTH

W3IIy4EHHUS.

4. BenuunHa cUJibl TOKa HackllleHUs pu GoTo3ddexTe npornopuroHaibHa
CBETA.

5. 3HayeHHe KpacHOU rpaHullbl 0AHOPOTOHHOTO (oTo3((DeKTa 3aBUCUT UCKITIOUUTENHHO
oT

6. CmelieHue AJIUHBL BOJIHBI (DOTOHA PEHTTEHOBCKOTO M3JIy4eHUs Npu KoMITOHOBCKOM
pacCessHUU 3aBUCUT TOJIBKO OT paccesiHus.

7. KOpOTKOBOJ’IHOBaﬂ I'paHulla CIUIOIHOI'O PCHTITCHOBCKOI'O CIICKTPAa TOPMO3HOI'O



U3JTyYEHUS OIpeIesieTCs TONbKO BETUYMHON Ha PEHTI€HOBCKOH TpyOKe.

8. TOpMOSHOC PEHTICHOBCKOC U3IYYCHUEC BO3HUKACT BCIICACTBUC QJICKTPOHOB
IIpu MnornagaHuy Ha aHTUKATOM.

9. SIBnenue oTAAYM TPU UCTTYCKaHUU ()OTOHOB BCIICJCTBHUE 3aKOHA COXPAHCHUS UMITYJIbCA
oTpezielisieT CMEIIEHUE UX YacTOThI, UTO MPOsBIIAETCS B AP deKTax

10. Ins nabmonenus agdexra Meccbayrpa UCTOYHHUK Y-KBAHTOB HEOOXOAMMO JBUTATH B
CTOpPOHY

11. Ecnu cpaBHUTH SHEpruM (OTOHOB PEHTTEHOBCKOTO W3JIYUYEHHUS, Y-U3JIy4CHUS U
BUMMOTO CBETA, TO MOYKHO CKa3aTh, YTO HAUOOJIBIIYIO SHEPTHIO UMEET (POTOH

12. Ecnu cpaBHUTH JUIMHBI BOJH ()OTOHOB  YJIbTPA(HUOJIETOBOIO HU3ITYUCHUS,
PEHTTEHOBCKOT'O M3JIY4YEHHUS U BUAMMOTO CBETa, TO MOXHO CKa3aTh, YTO HAHUOOJBIIYIO JIHHY
BOJIHBI UMeET (POTOH

13. [Ipu B3aUMOJIEHCTBUU C MUILIEHBIO Y-KBAaHT MOXET MPEBpPALIaTbCs B JJIEKTPOH U

14. Ecmu 00my4aTh M30JMPOBAaHHBIA METAIUIMYECKHH INAPUK CBETOM, JIJIMHA BOJHBI
KOTOPOT'O MEHBIIIE KpacHOH rpaHuiibl porosddekra, To mapuk oyaer

15. Ecnu oO6iydaTh H30JMPOBAaHHBIN METAUIMYECKUH IIApUK CBETOM, JUIMHA BOJIHBI
KOTOPOT'O MEHbIIIe KpacHOU rpaHulisl (oTor¢d(dekTa, TO B 3aBUCUMOCTH OT 3HAYCHUS
mapuk OyJeT npruoOpeTaTh pa3INuHbId NOTEHIHA.

16. Eciin HanpspkeHue Ha PeHTI€HOBCKON TpyOKe yBEITMUMBAETCS, TO KOPOTKOBOJIHOBAS
IpaHULa PEHTI€HOBCKOIO CIIEKTpa CMEIAETCs B

17. Tlpu paccesHur (OTOHOB PEHTTEHOBCKOTO W3IIYYCHHUS Ha CIIa00CBS3aHHBIX
3JICKTPOHAX HabIoMaeTCs UX JUIMHBI BOJHBI. B 3TOM M COCTOMUT CyTh SIBICHUS
Komnrona.

18. BeposTHOCTH paccestHHS 3JeKTpoHOB B 3(pdexre KomnrTona 3aBucuT OT yria
paccestHus 1

19. SABnenue OTAa4M IIpHu paCcCCAHUN (bOTOHOB BCJIICACTBHUEC 3aKOHOB COXpaHCHUA SHCPIUn
" UMITYJIbCa NPUBOJUT K CMCIICHUIO UX YaCTOThI, YTO IMMPOABJIACTCA B S(b(l)eKTe

20. IHTEHCUBHOCTb SIBIISIETCSA OJHOU U3 XapaKTEPUCTUK 3JIEKTPOMArHUTHOIO U3JIyYEHUs,
a B KBAaHTOBOW MOJIEIIU 3TO IOHATUE XapaKTEPU3yeT (GOTOHOB.

Tect Ne 1.3

1. O poToHaX MOXKHO CKa3aTh, YTO:

a) 9TO MOHOXPOMAaTHYECKasl SJICKTPOMArHUTHASI BOJIHA;

0) 9TO YacTUIla, KOTOpast HE UMeeT (PUKCUPOBAHHBIX Pa3MepPOB U (HOPMBI;

B) OTO JIEMEHTapHAs YacTUIIA, Macca MOKOsI KOTOPO# paBHA HYIIIO;

I) KBaHT 3JEKTPOMArHUTHOTO H3Iy4deHHs (I0Jis), MPOSIBISIOMIUNA MpPU OMPENEICHHBIX
YCJIOBUSAX CBOMCTBA YaCTHII;



1) KBAQHT 3JI€KTPOMArHUTHOTO MOJIsI, HE UCIIBITHIBAIOIINIA IPAaBUTAIMOHHOTO IPUTSKEHUS;
€) KBaHT OJJICKTPOMATrHUTHOTO TOJs, JCJIOKAJIM30BaHHBIM B MPOCTPAHCTBE, HO
00OHapY KUBAIOLINH JTOKAIU3AIMIO IPU B3aUMOICHCTBUU.

2. Tlpu mPOXOXKIEHUU CBETOBOTO MOTOKA BUAMMOIO JHMAIa30HA 4Yepe3 TOHKHUH CIION
(mopsiiKa JTTMHBI BOJHBI) AUDJICKTPUKA BO3MOYKHBI TIPOLIECCHI:

a) OTpaKEHUE OT FPAHUI] pasjesa;

0) uaTepdepeHus;

B) HOIJIOIICHUE CBETA aTOMaMH WIIM MOJICKYJIaMHU;

T') BBIPBIBAHUE AJICKTPOHOB C TIOBEPXHOCTH;

1) TeHEepaIHsl SIEKTPOHHO-IBIPOYHBIX Hap;

€) peKOMOMHAIIHS.

3. TopMO3HOE PEHTTEHOBCKOE U3JIyYEHUE — 3TO:

a) U3JIy4eHHe, KOTOPOe BO3HUKAET B 00BbeMe PEHTTeHOBCKOM TpyOKH;

0) u3IyueHue, BO3HUKAIOIIEE Ha KaTo 1€ TPH MONalaH|H MTOJIOKUTEIBHBIX 3apsi/I0B;

B) M3JIy4YeHHE, BO3HUKAIOIIEE HAa AaHTUKATO/I€ PEHTTEHOBCKOU TPYOKH;

I') U3JIy4€HUE, BO3HUKAIOLIEE IPU TOPMOKEHUH IEKTPOHOB;

1) U3JIy4€HHUE PEHTIC€HOBCKOW TPYyOKH, BOSHHKAIOLIEE MPHU M0Jaue Ha Hee TOPMO3SIIEro
HanpsDKEHUs (3aepKUBaIOLIEd pa3HOCTH TOTEHLIUAJIOB).

4. Korpma nadmonaercs sisinenne Gotodddexra, ToO CBEeTOBOW KBAHT:

a) TOTJIONIACTCS CBA3aHHBIM JJICKTPOHOM;

0) paccenBaeTcsi cabOCBsI3aHHBIM MM CBOOOIHBIM AJIEKTPOHOM;

B) HOTJIONIAETCS CBOOOTHBIM 3JICKTPOHOM;

) BCIICJCTBHE B3aUMOJCHCTBUS C 3JIEKTPOHOM TpaHChopMupyercss B (HOTOH Apyroi
Y4aCTOTHI;

1) BCJIEICTBUE B3aUMOJCHCTBUS C aTOMaMM IOJYNPOBOAHUKA TpaHCcopMmMHUpyeTcs B
(GOTOH IpYyroil YaCTOTHI U MOSIBJIAETCS AJIEKTPOHHO-ABIPOYHAs 11apa;

€) MOIJIONIIAETCS aTOMOM IIOJNYIPOBOJHHKA M TPH 3TOM T€HEPUPYETCS 3JIEKTPOHHO-
JIBIpOYHAs mapa.

5. Korna umeer mecto aBnenue Komnrona, To ¢oToH:

a) MOTJIOIAEeTCs C1a00CBA3aHHBIM JIEKTPOHOM;

0) ynpyro paccenBaeTcs (OTpakaeTcs) KpUCTAIIIOM;

B) paccenBaeTcs caab0CBsI3aHHBIM JIEKTPOHOM aTOMOB KPUCTAIIA;

I') MOTJIOLIAETCS] CUIIbHOCBSI3aHHBIM (BHYTPEHHUM ) 3JIEKTPOHOM aTOMa;

1) npeBpaiaercs B OTOH APYroi 4acTOThl BCIAECICTBUE PACCESHMUS,

€) HeyIpyro pacceuBaeTcs cj1ado CBA3aHHBIM 3JIEKTPOHOM aTOMOB KpHCTalIa.

6. Xopomo W3BECTHO, UYTO YEJIOBEYECKHH TJa3 SIBISETCS YyBCTBHTEIBHBIM
¢oronpuemuukom. [lpu 3ToM OH 007a7aeT MOPOroM YYBCTBUTEIBHOCTH. OJTH CBOHCTBa
YeJI0BEYECKOro Tia3a Obuth ucnoib3oBanbl C.1.BaBUIOBBIM 1 TIO3BOIHIIH €MY:

a) 3aperucTpUpOBaTh MIPU OUYEHb HU3KONH MHTEHCUBHOCTH MEPLAHUE U3ITYUYCHHUS;

0) 3aperucTpupoBaTh ci1adoe CBEUEHHE JIEKTPOHOB IPH MOMAJaHUU UX B OCOOBIE Cpebl
(u3nyuenue BaBunoBa—YepeHkona);

B) 3apETUCTPUPOBATH (IIYKTYallMy CBETOBOTO IIOTOKA IIPU OYE€HBb MaJIBIX HHTEHCHBHOCTSIX;

') 3aperucCTpUpPOBaTh (PIIYKTYal[MM CBETOBOT'O MOTOKA MPH OYEHb CHJIbHBIX, OJIM3KHX K
nopory 00JIEBOTO OIIYIIECHHSI HHTCHCUBHOCTSIX;

1) 3aperUCTPUPOBATH OYEHb CJIA0YIO JIIOMUHECLEHIUIO JIOMUHO(OPOB U YCTAaHOBUTH
W3BECTHBIN B JIIOMUHECIICHIIUN 3aKOH O HE3aBHCHMOCTH KBaHTOBOTO BBIXOZA OT JIJTMHBI BOJHBI
BO30Y KaeHUs (3akoH BaBuioBa).



7. Cnoxenue 3Hepruu (POTOHOB BO3MOXKHO:

a) MPU CTOJIKHOBEHUH (DOTOHOB;

0) pu OJJTHOBPEMEHHOM MX B3aUMOJICHCTBUU C AaTOMOM WJIM MOJICKYJIOM;
B) ipu 3pdekre Jomiepa;

r) npu 3pdexre Komnrona,

1) IPH OJJTHOBPEMEHHOM B3aHUMOJICHCTBHUH C SIPOM aToOMa.

8. C Touku 3PpCHUA KBaHTOBOU TCOPHHU IMPH IPOXOKIACHHUU CBECTOBOI'O IIOTOKA BUAMMOI'O

Auaria3doHa 4epe3 cliou AUIJICKTPUKA BO3MOKHBI ITPOLICCCHI:

Kak:

Jy4en;

a) yIpyroe paccesiHue Ha JIeKTPOHAX;

0) yrpyroe paccessHue Ha aTOMax WM MOJIEKYJax;

B) HEYINPYTroe paccesiHue Ha CBOOOIHBIX JICKTPOHAX;

T') yIpyroe paccestHie Ha HEOJJHOPOAHOCTSX;

1) HeYIpyroe (KOMOMHAITMOHHOE) paccessHuEe Ha aTOMaxX MJIM MOJIEKYJax;
€) NOHU3ALUS MOJIEKYJI;

’K) MOHU3AIUS aTOMOB;

3) BBIPBIBAaHUE JIEKTPOHOB C IOBEPXHOCTH.

9. [Ipeumy1ecTBEHHO KOPIYCKYJISIPHBIE CBOMCTBA CBETA MPOSIBIISIIOTCS B TAKUX SIBJICHUSX,

a) uHTEepEepeHINS;

0) nudpakmms;

B) ¢oTo3((hekT, KaKk pa3HOBUIHOCTH MOTJIONICHHS CBETA;

r) 3¢ dext Komnrona, kak pa3HOBUAHOCTH PacCesiHUS, CBOMCTBEHHAS I PEHTTCHOBCKHIX

n) a¢gdekr Jomepa.

10. CBeTOBBIE KBAaHTHI — 3TO 0COOBIE YACTHUI[BI MUKPOMHPA, TIOTOMY YTO:

a) UX Macca MOKOsl paBHA HYJIIO;

0) OHM IepeMEeIal0TCsl B IPOCTPAHCTBE CO CKOPOCTHIO CBETA;

B) OHHU MOTYT MEPEMEIIATHCS CO CKOPOCTHIO CBETA MPHU ONMPEACTIEHHBIX YCIOBHSIX;

') IPH B3aMMOJICUCTBHUH C APYTUMHU YaCTUIIAMU HE MEPEIal0T UM YacTh DHEPTUH, TaK KaK

HC JCJIATCA U HC MOT'YT USMCHUTH BCIIMUUHY CKOPOCTHU;,

1) IpY B3aUMOJIEUCTBUU C IPYTUMH YaCTUI[AMH N1EPEAAIOT UM UMITYJIbC;

€) IPU MaJIOH IUIOTHOCTU B 00beMe He HAOMI0AAI0TCs MX (IIyKTyaluu MJI0THOCTH;
’K) OHU HE HCIBITHIBAIOT I'PABUTALIMOHHOTO IPUTSKEHUS;

3) OHU JIBUTAIOTCS TOJBKO MO MPSIMOIA.

11. DHepruto GOTOHA MOXKHO PACCUUTATDH C UCIIOJIb30BaHHEM (HOPMYJT:
a) hv;

0) hA;

B) hc/A;

r) mv*/2;

n) h/\.

12. Umnynbsc poToOHA MOKHO pacCYUTaTh ¢ UCIOIB30BaHUEM (HOPMYIL:
a) h/\;

0) hv/c;

B) hc/\;

) mv;

n) hv.



13. Ha pucyHke TpUBEACHBI BOJBTAMIEPHBIE XaPAKTEPUCTHKH (POTOIIEMEHTOB.
Bo3MOXHBIMU IPUYMHAMY UX OTIIMYUHN SABJISIOTCS:

a) OHM OTIMYAIOTCS MarepuajoM (OTOKaToAa, a, CIIEAOBATENIBHO, PabOTON BHIXOJA
JJIEKTPOHOB;

0) oHHU 00JTy4alOTCsI CBETOM PA3TUYHON YaCTOTHI,

B) OHM 00JIy4aroTCs CBETOM Pa3IMYHONW MHTEHCUBHOCTH;

I') OHU UMEIOT Pa3JINYHYIO IUIOIIAb OCBELIAEMOW paboueil MOBEPXHOCTH, IIPU OJHOU U
TOM K€ MHTEHCUBHOCTH CBETA;

1) OHU UMEIOT Pa3IuyHyl0 TEMIIEPATYpy.

z/é;i

14. Ha pucyHKke TpUBEACHBI BOJBTAMIEPHBIE XaPAKTEPUCTHKH (POTOIIEMEHTOB.
B03MOKHBIMU IPUUNHAMU UX OTIUYUH SIBJISAIOTCS:

N

U

a) OHM OTIMYAIOTCS MarepuajoM (OTOKaToAa, a, CIIEAOBATENIBHO, PabOTON BHIXOJA
JJIEKTPOHOB;

0) oHHU 00JTy4alOTCsI CBETOM PA3TUYHON YaCTOTHI,

B) OHM 00JIy4aroTCs CBETOM Pa3IMYHONW MHTEHCUBHOCTH;

I') OHU MMEIOT Pa3JIMYHYIO IUIOIIAb OCBELIAEMONW pabodeil MOBEPXHOCTH, IIPU OJHOU U
TOM K€ UHTEHCUBHOCTH CBETA;

1) OHU UMEIOT Pa3IuyHyI0 TEMIIEPATYpy.

15. V cnekrpa TOPMO3HOTO PEHTTEHOBCKOTO H3JIyYEHHS HMEETCSI KOPOTKOBOJIHOBAs
rpaHuIa:

a) MO MPUYHMHE JICHCTBUSA 3aKOHA COXPAHEHUS PHEPTUU U MOITOMY PHEprus (poToHa He
MOJKET ObITh OO0JIbIIIE KWHETHUECKON YHEPIHH MOMNAIal0IIEro Ha aHO AJIEeKTPOHa;

0) Tak KaK PHEPrus JICKTPOHOB, MOMAJAIOIINX HA aHTUKATOJ PEHTTEHOBCKON TPYOKH H
UCHBITHIBAIOIINX TOPMOKEHUE, UMeeT UKCUpoBaHHOE 3HaUeHue el

B) TaK KaK aHTHKATOJ PEHTTC€HOBCKOW TPyOKH MMEET OrpaHUuYEeHHYIO Maccy;

T') [0 IPUYMHE OTPAHUYEHUS CAaMOT0 J1arna3oHa PeHTTeHOBCKOTO CIIEKTPa;

1) IO IPUYHMHE JEHCTBUS 3aKOHA COXPAHEHMS SHEPTHH M IO3TOMY SHeprus (oToHa HE
MO3KET OBbITh OOJIBIIIE SHEPTUH JIEKTPOHA, YCKOPEHHOTO IEKTPUUYECKUM MOJIEM MEXAY aHOJAOM U
KaToJ/IoM.



16. MoseT 111 aOCONMIOTHO CBOOOIHBIN AJIEKTPOH MOTIOTUTH (HOTOH?

a) He MOXET, TaK KaK MHayue OyJeT HapyIIeH 3aKOH COXPaHEHHUS SHEPTHH;

0) HE MOJKET, TaK Kak MHaye OyJIeT HapyIIeH 3aKOH COXPaHEHHS UMITYJIbCa;

B) MOJXKET;

I') MOXET, €CIIM JJIMHA BOJIHBI ()OTOHA CPaBHUMA C KJIACCUYECKHM PATUYCOM 3JIEKTPOHA
(~107" m);

1) MOKET MOTJIOTUTh ()OTOH PEHTI€HOBCKOTO U3ITyUYCHHUS.

17. U3 dopmynbr AL = A(l—cosB) s KOMOTOHOBCKOIO pacCesiHUS W CYTH CaMOro

s¢¢exra Komnrona cinenyer, uto:

a) IpU paccestHnU (POTOHOB HA AJIEKTPOHAX BEIMYMHA CMEUICHHS JJIMHBI BOJHBI (HOTOHA
3aBHCHUT TOJIBKO OT YTIJIa PACCESIHUS;

0) KOMIITOHOBCKasl [UIMHA BOJIHBI A HE 3aBHCHUT OT yrja paccesHus 0, Tak Kak 3TO
KOHCTaHTa;

B) KOMIITOHOBCKAs JJIMHA BOJIHBI A HE 3aBHCUT OT JUTMHBI BOJIHBI (POTOHA, TaK KAK SIBJIAETCS
KOHCTaHTOI;

') KOMIITOHOBCKAsI JUTMHA BOJIHBI A 3aBHCHUT OT BEIMYUHBI AL;

1) Ip1 paccesHuu (HOTOHOB Ha DJIEKTPOHAX BEJIMYMHA AA HE 3aBUCHT OT BEILECTBA, Ha
KOTOPOM HM3Y4aeTcsl pacCcesiHue.

18. Dddext Meccbayspa coCTOUT B TOM, UTO:

a) pe30HAHCHOE IOTJIOMICHUE Y-M3IIyICHUS BEIECTBOM HE HAOII01aeTCsl B IPHUHITUIIC;

0) pe30HaHCHOE TOTJIOIICHHUE Y-WU3JIyYCHHS NPH OOBIYHBIX (HOPMAJIBHBIX) YCIOBHUSIX
MaJIOBEPOATHO (MAJIOMHTEHCUBHO);

B) PE30HAHCHOE MOTJIOIIEHHUE Y-U3TYYCHUST BOSMOKHO TP MTEPEMEIICHUH U3TyJdaTeNs WIn
HOTJIONIATENS] HABCTPEUY APYT IPYTY;

I') pe30HAHCHOE TOTJIONIEHHE Y-M3JIy4eHUs] BO3MOXHO B TOM CIIy4ae, eCiIi JOIIEPOBCKOE
CMEIICHHEe YacTOThl CKOMIIECHCHPYET MOTepr dHEpruu (POTOHA MPHU B3aUMOJCUCTBUU C SAPOM B
COOTBETCTBHUH C 3aKOHAMH COXPAaHEHHS YHEPTUU M UMITYJIbCa;

1) yCTaHABITUBAET (PU3NIECKUE YCIOBHS, IIPH KOTOPHIX HAOIIOIACTCS Y-U3TYICHHUS 1IETI0T0
KJlacca BEIIeCTB.

19. DHeprus KBaHTa AIEKTPOMATHUTHOTO HU3IYUYEHHUS MOXKET MPEBPALAThCS B JAPYTUE
BU/IbI DHEPTUU B PE3YJIHTATE:

a) norJomnieHus: GOTOHa BEIIECTBOM;

0) paccesiHus OTOHA BEUIECTBOM 0€3 M3MEHEHUS YacTOTHI;

B) MOTJIOIICHUS (POTOHA OTIIETHHBIM U H30JUPOBAHHBIM aTOMOM;

T) paccessHus (POTOHA MOJIEKYJION ¢ U3MEHEHHUEM YacTOThI (KOMOMHAIIMOHHOE PACCESTHUE);

1) pacraja y-KBaHTa Ha JIEKTPOH U MO3UTPOH MPHU B3aUMOJICUCTBUH C MHUIIICHBIO.

20. Kakue 13 nepednciaeHHbIX HUXKE MPOLIECCOB ¢ TOYKU 3PEHUS KBAHTOBOM TEOPUU MOTYT
UMETh MECTO MPHU MPOXOXKJIESHUU CBETOBOTO MOTOKA B BHIAUMOM JIMAINa30HE Yepe3 TOHKUU CIION
(HECKOJIBKO JIJTUH BOJIH) MeTajuia?

a) OTpaskeHHUE OT I'PaHUII pa3jiena;

0) ynpyroe paccesiHue Ha Cl1a00CBsI3aHHBIX 3JIEKTPOHAX;

B) YIPYIro€ paccessHue Ha aToMax;

I') YOPYToe paccessHue Ha HEOTHOPOAHOCTSIX;

1) Heynpyroe (KOMOMHAIIMOHHOE) PacCessHUE Ha aToMax;

€) UOHU3AIUS MOJIEKYJI;

) BBIPBIBAHUE DJIEKTPOHOB C TIOBEPXHOCTH.



21. Kakue u3 mepeyucIieHHbIX HIDKE MPOIECCOB MOTYT UMETh MECTO TPU MPOXOKICHUN
CBETOBOTO MTOTOKA B BUJIMMOM JHaNa30He Yepe3 TOHKHUM CIION (HECKOJIBKO JIJTMH BOJIH) MeTajuia?

a) MOTJIONIEHUE CBEeTa C1ab0 CBA3aHHBIMHU JJICKTPOHAMY,

0) MOTJIOIICHUE CBETA aTOMAMMU;

B) MOHU3ALIMS aTOMOB;

T') BBIPBIBAHUE AJICKTPOHOB C TIOBEPXHOCTH;

1) TeHepaIus JIEKTPOHHO-IBIPOYHBIX Tap;

€) peKoMOMHAIIHS.

22. Kakue 13 epeyrcIeHHBIX HIKE MTPOIIECCOB C TOUYKH 3PSHUSI KBAHTOBOUW TEOPHU MOTYT
UMETb MECTO IPH MPOXOKJICHUU CBETOBOI'O MOTOKA B BUAMMOM JHAara3oHe Yepe3 TOHKUH CIoi
(HECKOJIbKO JUTMH BOJIH) TIOJTYIIPOBOTHUKA?

a) OTpaskeHHUE OT I'PaHMUII pa3jena;

0) ynpyroe paccessHiue Ha CBOOOIHBIX JIEKTPOHAX;

B) HEYNPYTroe paccessHue Ha CBOOOHBIX AIIEKTPOHAX;

T') yIPYroe paccestHue Ha HEOJHOPOAHOCTSX;

1) HeyTpyroe (KOMOWHAIIMOHHOE) pacCessHIE Ha aTOMax MM MOJIEKYJIaxX;

€) NOHHU3AIUS AaTOMOB;

) TeHEpaLus JIEKTPOHHO-IBIPOYHBIX Tap;

3) peKOMOHWHAITHSA.

Mopaean atoma Pezepdopaa — bopa
Tect Ne 2.1

1. IlpaBunpHO 11 OyAET YTBEPXKIEHUE, UTO IEKTPUUECKUIN TOK B MeTaJljIaX 00yCIOBIIEH
JIBIDKEHUEM CBOOOHBIX 3JIEKTPOHOB, B PACTBOpPAX — JBM)KEHHEM MOHOB, a B ra3ax — JIBM)KEHUEM
3JICKTPOHOB U HOHOB?

a) z1a;

0) HeT.

2. [IpaBuibHO JIM TOBOPUTH, YTO BJIEKTPOHBI ObUIM OTKpbITHI Dapaneem, ToMcoHOM U
MunmKeHoM OJHOBPEMEHHO?

a) 11a;

0) HeT.

3. BepHo nu yTBepxkAeHHE, yTO Macca dnekTpona B 1500 pa3 MeHbIe, ueM mMacca aroma
BOozOpoa’?

a) na;

0) HeT.

4. BepHO 1 yTBEPX/IEHHE, YTO Macca DJIEKTPOHA 3HAYUTEIHHO MEHBIIE MACChI CaMOI0
JIETKOT'0 aTOMa — aToMa BoJ0poia?

a) 11a;

0) HeT.

5. MOHO JI TOBOPHUTh, YTO Pa3MEPHhI sJIpa aTOMa 3HAUYUTEIILHO MEHBIIIE pa3MEPOB aTOMa
B 1ie7I0M?

a) na,

0) HeT.



6. O-4aCTHIIBI MOTYT pAcCEMBAThCS TOJNBKO SApaMH aTOMOB M IPAKTHYECKH HE
paccerBarOTCs AIIEKTPOHAMHM. J[JIst BCEX JIM aTOMOB 3TO CIPABEIIMBO?

a) 11a;

0) HeT.

7. MOXXHO 11 yTBEpXAaTh, YTO O-4aCTUIIBI HE paccenBaroTcs B omnbiTe Pesepdopna Ha
yrisl 6o1ee 90°, moToMy uTo pazmeps! saep ~107'4 M n o-uacTHIA B HUX HE MOXKET MOMACTh?

a) 11a;

0) HeT.

8. BepHO nu yTBEpKIEHHE, YTO BEPOSITHOCTh PACCESIHUSA O-4aCTHUI[ HE 3aBUCHUT OT HX
CKOpPOCTH, a 3aBUCHUT OT 3apsja aapa aroma?

a) Ja;

0) HeT.

9. MoxHo 1u A0Kas3aTb, 4TO IPOU3BCACHUC YHCJIa paCCCAHHBIX O-4aCTHUI[ Ha COS4 [
SIBJISICTCS] KOHCTAHTOM U HE 3aBUCHUT OT yTJIa paccesiHus?

a) na;

0) HeT.

10. SBmsercs mu nuddepennuanbHoe b PeKTUBHOE cedeHHe paccesHus (yHKIUeH
TONIIUHBI (HOIBIHU?

a) 11a;

0) HeT.

11. IlpaBuibHO JM pacHoOJIOKEHbl B IIKaJe JUIMH BOJH [0 MEpe BO3pacTaHus A
CIIEKTpaJbHbIe Ccepuu Bojopoxa: cepus Jlaiimana, cepust banbmepa, cepus Ilamena, cepus
bpekera, cepus [1pynna?

a) na,

0) HeT.

12. MoxHO J1 ¢ TOMOIIbI0 00001IeHHON hopMyIbl bansmepa paccuuTarh AJIMHY BOJTHBI
JI000M JIMHUU CHIEKTpa U3JIy4E€HUs HOHA renus?

a) na,

0) HeT.

13. MOXHO M ¢ TIOMOUIBIO 3aTUCAHHOW HMXKE (POPMYJIBI PACCUMTATH JJIUHY BOJIHBI 3-

1 1 1
nuHUU cepun baasmepa Bomopona: — > R pEae ?
1)
a) 11a;
0) HeT.

14. IlpaBuiibHO Jin c(hOpMYIUPOBATH KOMOMHALMOHHBIN MPUHLUI PUTIA: BOJHOBOE YUCIIO
1000 JTMHUY CHEKTpa SIBJIIETCS KOMOMHALUEN 2-X TEPMOB?

a) na;

0) HeT.

15. B onbitax ®@panka u ['epua oOHapyKUBAIOTCS TUCKPETHBIE YPOBHU YHEPTHH aTOMOB
PTYTH U He 0OHAPY>KUBAETCsI HENPEPBIBHBI KOHTUHYYM SHEPIMM HOHU3UPOBAHHBIX aTOMOB. Tak
M 3T10?

a) 1a;



0) HeT.

16. CripaBe/UIMBO JIM YTBEP)KJICHUE, YTO BHYTPECHHSS DHEPIHS aTOMa SABJISCTCS dHEpruci
CBs3H 3H€KTpOHa B aTOMC — SIBJISICTCSA BCHH‘II/IHOﬁ OTpHHaTeJ’IBHOﬁ, OTCUUTHIBACTCA OT 3HAUCHUA
SHEPrUU IOKOS YACTHUI[ U €€ BEJIUYMHA MOXKET NMPUHUMATh JUCKPETHBIH HA0Op BO3MOXKHBIX
3HAYCHUN?

a) na,

0) HeT.

17. IlpaBaa nu, 4TO 3HAYCHHSI TEPMOB MOHA Trenusi B 2 pa3a Ooiblle 3HAYCHUN TEPMOB
aToMa BOOPOJA.

a) na,

0) HeT.

18. MoXHO 1M CKa3aTh, YTO B COOTBETCTBHH C TNPUHIIMIIOM COOTBETCTBHS YacTOTa
U3IyYeHUs], ompejensseMas 2-M MOCTyJaToM bopa paBHa dacTtoTe OOpamieHUs SJICKTpOHa 10
opOuTe I BCEX PaJyCcOB OpOUT.

a) na,

0) HeT.

19. IIpaBUIBHO JIM TOBOPUTH, YTO CTATUCTUYECKUNA BEC YPOBHS WJIM CTEIIEHDb BBIPOKICHUS
YPOBHSI — 3TO YHUCJIO COCTOSIHUM, HAIIPUMEP: BO3MOXKHBIX TPACKTOPUH JBUKEHHUS, C OJUHAKOBOU
SHEPrHUeH.

a) na,

0) HeT.

20. BepHo nu Oyner cuumTaTh, YTO B MOMEHT HMITYJIbCA AJIEKTPOH MPUHUMAET TOJBKO
JAUCKPCTHBIC 3HAUYCHUS, ITPUUCM IJIA ClIy4dast KPYT'OBBIX Op6I/IT 9TO OAHO 3HAUCHUC, a JIA ClIy4das
AJUTUIICOUJIANIBHBIX OPOUT — ATO APYTUe 3HAYCHHUS.

a) na;

0) HeT.

21. B ycnoBuu kBaHTOBaHUS 30MMepQeib/ia pacCMaTPUBAIOTCS 0000IIEHHBIE UMITYIbChI
1 000011IeHHbIE KOOPIUHATHI (]S p,dq, =nh . Tak 1 510?

a) na,
0) HeT.

Tect Ne 2.2

1. Ecnu B ombite Pesepdopna mo paccessHUIO oi-4acTUI] Ha 30JI0TON (DOJIBIe O-4aCTHUIIBI
3aMEHUTh Ha IPOTOHBI, TO J10JIs1 PACCESIHHBIX YAaCTHUII

2. DIEKTPUYECKHIA TOK B Ta3ax 00yCJIOBJICH HAIMIPABICHHBIM JIBUKCHUEM
3apsI0B.

3. Ilpu »snexrponusze MNPOMYyCKAOT OJWMHAKOBBIM TOK [JI1 OJHOBAJEHTHBIX H
JBYXBaJICHTHBIX aTOMOB MeTauioB. IIpu 3TOM Ha »yeKTpone 3a OJAHO M TO K€ BpeMs MoJiel
BEIIIECTBA OJHOBAJICHTHBIX ATOMOB BBIICIUTHCS B (cxonbKOo) pas(a)

(OoblIIE WM MEHBIIIE).

4. B monenu TomcoHa aToM BOJOpO/ia MPEACTABISIET COOON MOJIOKUTEIBHO 3apsKEHHBIN



map, B IEHTPEC KOTOPOIo HAXOJUTCA

5. B ombiTax Pesepdopaa uncio paccesHHBIX 0L-4aCTHII 0Ka3aJI0Ch 3HAYUTEIIEHO ,
4eM YMCIIO MAAIONUX 1 HMENHCh CIydan paccesHus Ha yrisl 0 > 90°,

6. 13 onbiToB Pesepdopaa crneayer, 4To B IIEHTPE aTOMa HAXOUTCS (kKakoM 3HaK)
3apsSOKEHHOE  SAJIpO, pa3sMepbl KOTOPOTO 3HAYUTEIIHHO (Oonpiie WKW MEHbIIE)
pa3MepoB aroma, BOKPYT KOTOPOIO JIBUXKETCS yactuna. [Ipu satom Pesepdopn ne

CMOT OOBSICHHUTD, IIOYEMY TaKOH aTOM

7. Ilpu BbiBome dopmynsl Pesepdopra st paccessHUS O-YacCTHI[ HCIIOJIB3YETCS
CTATUCTUYCCKUNM TOAXOJ ¢ BBOJWUTCS TOHATHE . IIpu »TOM paccesnue

06YCJ'IOBJ'I€HO KYJIOHOBCKHM B3aUMOICHCTBHEM O-4aCTULEI C AAPOM.

8. Hons paccesHHbIX o-dacTull B omblte Pesepdopna (3aBUCUT MU HE
3aBUCHUT) OT KHHETUYECKON SHEPTUU OL-4aCTUll, 3apsa siiep aToMOB (DOJIbIH U TOJIIUHBI (POJIBTHU.

9. OTHOCHTENILHOE YHCIIO PACCESHHBIX B oMbiTe Pesepdopaa yactui u cos*(p/2) cBa3aHbl
MexKay co0oi 3aBHCUMOCTBIO.

10. CriektpanbHON cepuel Ha3bIBAIOT COBOKYIIHOCTH CIIEKTPAJIbHBIX JIMHUHM, KOTOPBIE B
CBOEH [M0CJIeI0BATEILHOCTH B ILIKAJIE JJIMH BOJH WJIM YAaCTOT U B pacCHpeeIeHU HHTEHCUBHOCTH

00Hapy’KUBAIOT . Ilpy »>TOM /MHUM HYMEpPYKOTCA HA4YMHAs C CaMOWU
(ITMHHOBOJIHOBOHM, KOPOTKOBOJIHOBOW) 10 MeEpe YBEIMYEHUS U UX
WHTEHCUBHOCTB C BO3pacTaHUEM HOMepa (YBEJIMYMBAIOTCS, YMEHBILIAIOTCS).

11. BotHOBOE 4KCIIO JIF000H CIIEKTPaIbHOM TMHUN MOXKHO IPEJCTaBUTh KAK KOMOMHAIIHIO
JBYX

12. B nocrynarax bopa mnoctynupyercs AMCKPETHOCTb (xakon
XapakTepUCTUKH) aTOMa M MCXOJAS U3 A3TOI0 MOXHO OOBSCHUTH JIMHEHYaThId XapakTep
(M311y4eHus, paccessHus).

13. B cnexTpe u3inydeHus BOJOpPOJAa B BUIAMMON 00JIACTH CHEKTpa HaOIrodaeTcs cepust
, @ B yIbTpa(HoIeToBOH cepus

14. Pa3zHoCcTh BONHOBBIX uucen 4-d U 2-U JMHUN B cepuM JlaliMaHa COOTBETCTBYET
BOJIHOBOMY YHCITY JIUHUY CEPUU

15. JInuaa BoytHBI (JOTOHA, COOTBETCTBYIOMIETO 2-i JINHUU cepuu banbMepa y Bogopoa
, UEM JUIMHA BOJIHBI TAKOU JINHUU Y UOHOB T'EJIHS.

16. duzndeckuii CMBICT NOCTOSHHOM I1i1aHka cCOCTOMT B TOM, UTO OHA SBJIICTCS KBAHTOM

17. B cooTBeTcTBUU ¢ Teopueit 3omMepdernbaa, ecim SHeprus BOJOPOAOIOA00HOI0 aToMa
En, TO 3JIGKTPOH MOXET COBEpPIIATH JIBHXCHHUE TOJIHKO IO opOUTaNISIM, U3 KOTOPBIX
KPYTOBBIX U SJININIITUYCCKUX.

18. Cocrosnus, oTimyaroniecs GopMoil TpPaeKTOPUH IBMKEHUS M UMEIOLINE TIPU 3TOM
OJMIHAKOBYIO DHEPrHIO0, Ha3bIBAIOT . Jns BBIPOXKICHHBIX COCTOSHUII MOMEHT
UMITYJIbCa DIIEKTPOHA



19. B ompiTax Byma mo pe3oHaHCHOW (UIyOpECHEHIIMH aTOMOB PTYTH PE30HAHCHOE
BO30Y>KJCHHE aTOMOB PTYTH OCYIIECTBISIOCH JIAMION, CTIEKTP U3IY4YEHHs] KOTOPOil
JIMHEHWYATHIN.

Tect Ne 2.3

1. B ombitax Pesepdopna mydok o-4acTHI] 3aMEHMJIM Ha IYYOK HIPOTOHOB. YTO
W3MEHWIOCH?

a) YMCJIO OL-9aCTHII, PACCESHHBIX B 33IaHHOM 3JIEMEHTE TEJIECHOTO yriia d{) yBeIUYUIOCh;

0) YUCIIO O-4aCTUII, PACCESHHBIX B 33JJaHHOM 3JIEMEHTE TEJIECHOr0 yriia d() yMEeHBIIUIIOCH.

2. B omnbitax Pesepdopma mydok o-yacTHIl 3aMEHWIM Ha Iy4OK HEUTpoHOB. YTO
WU3MEHUII0CH?

a) YUCJIO OL-4aCTHULl, PACCESHHBIX B 3a/IaHHOM 3JIEMEHTE TEJIECHOTO yriia df) yBEIMUNIOChH;

0) YUCIIO (-4aCTUL, PACCESIHHBIX B 33JJaHHOM 3JIEMEHTE TEJIECHOI0 yriia d() yMEHBIIUIIOCH.

3. B ombiTe Pezepdopaa miatuHoByI0 (hOIBIY 3aMEHMIH HA 30J10TYH0. UTO M3MEHUIIOCH?
a) YUCIIO Ol-4aCTHUII, PACCESHHBIX B 33/IaHHOM 3JIEMEHTE TEeJIECHOTO yTiia d() yBeIUUnIOCh;
0) YKCIIO (-9aCTHII, PACCESHHBIX B 33JJAaHHOM 3JIEMEHTE TEJIECHOTO yriia d() yMEHBIIHUIOCH.

4. Cytb onbrToB ®Dapajies 0 MEKTPOJIN3Y COCTOUT B TOM, UTO:

a) KOJMYECTBO BELIECTBA, BbIACIAIOIIEECS HA AJIEKTPOAE IPU  IEKTPOJIM3E
IIPONOPLMOHAIIBHO KOJIMYECTBY 3apsi/ia, IEPEHECEHHOMY MEXY JIEKTPOAAMY;

0) KOJIMYECTBO BEIIECTBA, BBIIEISIONIEECS Ha 3JIEKTPOJIE MIPH JIEKTPOJIMU3€E, HE 3aBUCUT OT
BEJIMUMHBI IEPEHECEHHOT'O 3apsiia U CUIIbI TOKA;

B) KOJIMUECTBO BEIIECTBA, BBIAEIAIOIIEECS HAa MIEKTPOAE Ul PA3JIMYHBIX AJIEKTPOJIUTOB
IIPY OJJHOM M TOM JK€ KOJMYECTBE IEPEHECEHHOI'O 3apsja IPONOPLUUOHAIBLHO aTOMHBIM BECam
HOHOB;

I') 3JIEKTPUYECKUH TOK B 3JIEKTPOJIUTE OOYCIIOBIICH JBH)KEHUEM HOHOB M OJTUH TPaMM-aTOM
JrOOBIX OJJHOBAJIEHTHBIX UJIH JIFOOBIX JBYXBAJIEHTHBIX HOHOB HECET ¢ COOOI0 BCErla OJHO M TOXKE
KOJIMYECTBO 3JIEKTpUUYECTBa, paBHOE unciy dapanes;

1) 2JIEKTPUYECKUH TOK B 3JIEKTPOIUTE 00YCIIOBIICH IBUKEHUEM HOHOB U OJIUH I'PaMM-aTOM
JTrOOBIX OJTHOBAJICHTHBIX MOHOB BCET/Ia HECET C COOOI0 OJTHO U TOXKE KOJIMYECTBO AIEKTPHUYECTBA,
paBHoe umucity Papajes, a J0OBIX JBYXBaJIECHTHBIX MOHOB HECeT ¢ coOOH Bcerja B JBa pasa
OOJIBILINHI 3apsT;

€) KOJIMYECTBO BEILECTBA, BBIACIAIONIEECS Ha 3JEKTPOJIE Ul Pa3IMUHbIX OJTHOBAJICHTHBIX,
JBYXBAJICHTHBIX M TPEXBAJCHTHBIX HOHOB, KOTOpbIE OOpa3yloTCs TMpH PAaCTBOPCHUU
COOTBETCTBYIOIIUX COJEH INpU MPOIYCKAHUU 3JIEKTPUUYECKOr0 TOKA 3aBUCUT OT BPEMEHU
IPOIyCKaHUS;

) DJIEKTPOJIU3 HAOIIOAAIICS TOJIBKO JUISL COJICH LIETOUYHBIX METALIOB.

5. DnexTpuyecKuil TOK B pa3psKEHHbBIX ra3ax MpeacTaBisieT COOOM:

a) JIBM)KEHHE CBOOOIHBIX JIEKTPOHOB, SMUTHPOBAHHBIX B PE3YJIbTAaTEe TEPMOIIICKTPOHHOM
SMUCCHH C KaTo/a;

0) ABMKEHHE UOHOB, 00Pa3yIOLIUXCS IPH HOHU3ALIUU aTOMOB;

B) IBMKEHHE CBOOOIHBIX JIEKTPOHOB, 00PA3yIONINXCSI MPU MOHU3AIMH aTOMOB Ta3a;

T') IBUKCHHE aTOMOB;

1) NBY>KCHHE MOJIEKYII.

6. Ilpu mponyckaHuM >JIEKTPUYECKOIO TOKA 4Yepe3 paspsyKEHHbIE ra3bl HaOIronaeTcs
TPEeKOOOpa3HOE CBEUEHHE, KOTOPOE BbI3BAHO:



a) HOHHM3alUeH aTOMOB;

0) ABIKEHHEM CBOOOTHBIX JIEKTPOHOB;

B) JIBIDKCHHEM HOHOB;

') peKOMOMHAIMEH HOHOB U AJIEKTPOHOB, CIECAYIOIIEH OCIIe HOHNU3AIIUN aTOMOB;
1) yIapamu 3JIEKTPOHOB 00 aHO;

€) yAapaMu HOHOB (KaTHOHOB) O KaTOJ.

7. B mogenu atoma Tomcona:

a) SJIEKTPOH CUUTAETCS HETIOBUIKHBIM;

0) MOJIOKHUTEIBHO 3apsHKEHHAs YacTh aTOMa CYHWTACTCS HEMOJBIIKHOW, TaK Kak
3HAYUTEILHO TsDKEJIee AJICKTPOHA,

B) pa3Mep TOJOXKHUTEIBHO 3apsHKCHHOTO «IIyJUHTa» 3HAYUTEIHHO OOJbIe pa3mepa
3JICKTPOHA;

T') DJCKTPOHBI HAXOJATCS HA TOBEPXHOCTH TOJOKUTEIBHO 3apsHKCHHOTO OOJIBIIOTO
«IyJIMHTaY, IPUTATUBASACH UM;

I[) BHGKTPOHBI HaxXoOATCsA BHyTpI/I ITOJIOKUTCIIBHO 3ap$DKeHHOFO «HyI[I/IHI‘a)) 58 MOFYT
COBEPIIATh KOJICOAHUSI OTHOCUTEIILHO TIOJIOKCHHS PABHOBECHS;

€) JIEKTPOHBI COBEPIIAIOT ABUKEHUE BOKPYT MOJOKUTEIBHO 3apsHKEHHOM YaCcTH aToMa;

8. Pesynbrater onbita Pesepdopna:

a) OOJIBIIIMHCTBO OL-4ACTHI] IPOXOJIAT uepe3 (OIbIy, HE HCIIBIThIBAst HUKAKUX OTKIIOHCHUH;
0) YMCII0 PaCCESHHBIX O-YaCTHUIl YBEIMUYUBACTCS C YBEIIMUECHUEM yTJIa PACCESTHUS;

B) OL-4aCTMIIBI OTKJIOHSIOTCS HA YIIIbI He Gonbiue 90;

T') YUCIIO PACCESTHHBIX O-YaCTHI] OY€Hb MaJo;

1) €CThb CITyYau OTKJIOHeHHus o-yactui] Ha 180°;

€) YHCIIO PACCESHHBIX O.-YaCTUIl YMEHBIIAETCS C YBEJIMUCHUEM YTJIa PACCESHUSA.

9. Ilocie OMBITOB MO paccestHUIO oi-dacThil Pesepdopa cienan BHIBOIBL:
a) CYLIECTBYET siACPHAsl MOJIEIb aTOMA;

0) OMBIT MOATBEPAMIIa MOCIIb TOMCOHA;

B) CYIIECTBYET IUTAHETApPHASI MOJAEIb aTOMa;

T) B siIp€ CKOHIIEHTPUPOBaHA MPAKTUIECKU BCSI Macca aToMa;

1) pa3Mepsbl SApa COMOCTAaBUMBI C pa3MepaMu aToMa;

€) pa3Mephl Apa 3HAYUTEIbHO MEHbIIE pa3MEpPOB aToMa.

10. YTo Ha3bIBaeTCs NPULEIBHBIM PacCTOSIHUEM?

a) pacCTOSIHUE MEX]Ly TPAaeKTOPUEH BUKEHUS [3-4aCTUIbl U aCUMITOTON K TPACKTOPUH;
0) paccTosiHHE OT aTOMa J10 IEPBOHAYATIBHOIO HAIIPABICHUS JBM)KEHUS [3-4aCTUILIBI;

B) TOJILIMHA PACCEUBAOILETO CIIOS;

I') CeUEHHUE pacCesHus;

1) pa3HULIA MEKAY TpaeKTOpHUel B-4acTULbl U THIEPOOIMYECKON TPACKTOPHEH.

11. KakoB ¢uznyeckuii cMbIci 3((HEKTUBHOTO CEUSHHSI pacCesHus?

a) B MEXaHMYECKOW MOJENHU: 3TO IUIOIAJKa (MHUIIEHb), MOMAaB B KOTOPYH YacTHIA
UCTIBITHIBACT OTKIIOHEHUE;

0) B CTaTHCTUYECKOW HWHTEPIPETALUHU: STO BEPOSTHOCTH HCIBITATh PACCESHUE OIHOU
YaCTHIIE;

B) 3Ta BEJIMYMHA (PU3UUECKOI0 CMbICIIa HE UMEET;

I') ceueHue MyyKa pacCestHHbIX YacTHll B ombiTe Pesepdopra;

1) CeUeHHe MyJKa MaJaloInX YacTHIl;

€) OTHOILIEHHE CEUYEHUS IyUKa PACCESHHBIX YaCTUI] K MHTEHCUBHOCTH MaJIal0IINUX YaCTHUIL;

’K) OTHOIIICHHE YHCIIa PACCESTHHBIX YaCTHUI] K HHTEHCUBHOCTH TaIAIOIINX YaCTHUII.



12. ®opmyna Pesepdopaa st paccessHusI O-4acTHI] IIOKA3bIBACT, YTO YUCIIO PACCESTHHBIX
YaCTHIL:

a) He 3aBHCUT OT CKOPOCTH MX JIBHKCHUS;

0) MPONOPIUOHATHHO CKOPOCTH MX JBUKEHUS,

B) 00paTHO MPOTOPIIMOHATBHO YETBEPTON CTEIIEHH CKOPOCTH JABMKEHHSI OL-4aCTHII,

T') IPONOPLHUOHATIBHO TOMIIMHE (HOJIBIU, HA KOTOPOM MPOUCXOAUT PACCESTHUE;

1) HE 3aBUCHT OT YTJIa PACCESIHUS;

€) 3aBUCHUT OT yTJIa paccesHus;

) IPOTIOPIIMOHATILHO TIOPSIIKOBOMY HOMEPY AJIeMeHTa B Tabiuiie MeHzeneesa;

3) IPOMOPLMOHATBHO KBIpaTy MOPAIKOBOIO HOMEpa dJIeMeHTa B Tabiuie MeHaeneesa;

1) 06paTHO MPOMOPLUOHAILHO sin? p;

K) 00paTHO NPONOPLUOHATILHO Sin pP;

1) TIPONOPLHOHANBHO sin'(p/2).

13. Kakue U3 IpecTaBIeHHbIX (yHKIHMOHAIBHBIX 3aBUCUMOCTEH MIPaBUILHO OTPasKaroT
dopmyny Pesepdopaa mnst paccessHus OL-4aCTHIL.

a) dN/N ~ 7%

6) dNIN ~ Z;

B) dN/N ~ w*;

r) dN/N ~ w°;

1) dN/N ~ cos*p;

%K) dN/N ~ sin*p;

3) dN/N ~ sin*(p.2).

YacTuubl 1 BoJIHbL. Kopnycky/1spHO-BOJIHOBO Ayaau3m
Tect Ne 3

1. KakoBO U3 npeAcTaBICHHBIX HUXKE BHICKA3bIBAHUHN OTpa)kaeT CMbICI uzaeu e bpoitsa?

a) MUKPOYACTHILIBI HE SBJISIIOTCS B CTPOIOM KJIACCUYECKOM CMBbICIIE YACTHIIAMM, a SIBJISIFOTCS
BOJIHAMU;

0) MHUKpoyacTHLIaM, KaKk M BCEM MaTepualbHbIM OO0BEKTaM BOOOIIE, CBOMCTBEHHO
HPOSIBJIATH KaK Ka4eCTBO YaCTHULI, TAK U Ka4eCTBa BOJIH, IOAOOHO CBETY;

B) KOPITYCKYJISIPHBIE U BOJTHOBBIC XapaKTEPUCTHKH CBS3aHBI MEXKITy COOOM ISl M3ITyIeHUS
U JUISI BELIECTBA OJJMHAKOBBIM 00pa3oM.;

r) nedpoiilsieBckas JUIMHA BOJIHBI JOTOHA U AJIEKTPOHA OJMHAKOBA;

1) JBIKYIIUMCS MaTepUalbHbIM OOBEKTaM COIOCTABISETCS HEKOTOPBIA BOJHOBOM
nporiecc.

2. Jlnuna BosHbI 1e bpoitiis ne bpoitist yacTuibl onpenesieTcs:
a) ee pasMepamu;

0) ee Maccoi;

B) CKOPOCTBIO €€ JBHKEHHUS,;

') YCKOPEHUEM, C KOTOPHIM OHA JBHTACTCS;

1) BHyTPEHHUM CTPOEHHEM U COCTaBOM;

€) JUIMHOM CBETa, N3JIy4yaeMoi ei;

) JeUCTBYIOLIEH CHUIION.

3. Kakumu u3 npuBeeHHBIX (POPMYIT MOKHO ITOJIb30BAThCS /AT pacyeTa AJIUHbBI BOJIHBI €
bpoins.



a) A = hlv;

0) A = h/mv;

B) A= h/\2mT ;

) A=hN1-v/c* Imyy;
n) A=h/~2meU ;

e) A=h/2mT ;

K) A = h/mc;
3) A =c/v.

4. Kakue u3 npuBeICHHBIX HUXKE XapAaKTEPUCTUK MPABUIIBHO OTPaXkKaloT CBONCTBA BOJIH JI€
bpoiina?

a) (azoBast ckOpoCTh OOJBIIIE CKOPOCTH CBETA B BAKYYME;

0) (ha3oBas CKOPOCTh MEHbIIIE CKOPOCTH CBETA B BAKYYME;

B) IPYMIIOBasi CKOPOCTh paBHA CKOPOCTH JIBUKEHUS YACTHULIBL;

T') TPYIIOBasi CKOPOCTh OOJIbIIIE CKOPOCTH IBUKEHUS YACTHUIIBL;

1) KQKI0i OOPOBCKOM OpOUTE COOTBETCTBYET CTOSYas BOJHA Jie bpoiins anekTpoHa;

) JJIMHE OOpPOBCKOM OpOMTHI COOTBETCTBYET IIEJIO€ YUCIIO JAeOPOMIECBCKUX JUIMH BOJH
AIIEKTPOHA;

3) AJMMHA KaXJ0il OOpOBCKOM OpOMTHI KpaTHa YETHOMY YHCIy IOJYBOJIH A€ bpoiins
AIIEKTPOHA;

W) JJIuHA Kaxaod OOpOBCKOW OpOMTHI KpaTHa ILIEIOMY YHCIY MOJIYBOJH Jie bpoiins
AIIEKTPOHA;

5. Kakue u3 mpenctaBieHHBIX HIKE (OPMYJT MPABUIIBHO YCTAaHABIMBAIOT CBSI3b MEXIY
paauycamu OOpOBCKUX OPOUT U 1eOpOIIEBCKOM JUIMHOM BOJHBI AJIEKTPOHA?

a) rn = nh;

0) rn = hA;

B) 'n = h A
r) rn = nA/20;
n) 20r, = nA.

6. Ecniv a51eKTpOoH U HEUTPOH JABMKYTCSI PABHOMEPHO M IPSIMOJIMHEMHO, TO B COOTBETCTBUH
¢ Teopuen ne bpoimns

a) UM COIIOCTaBJISIETCS BOJHOBOW MpPOILIECC KaK B CiIydyae HUACAIbHBIX TUIOCKHX BOJIH,
IpUYeM OJIMHAKOBOM YaCTOTHI;

0) HEUTPOHY COIMOCTABIISIETCS TIOCKAst BOJIHA, a DJIEKTPOHY 3aTyXaroIas;

B) UM COIOCTABJISIOTCS cheprueCKre BOJIHBI, TAaK KaK YaCTHUI[bl OU€Hb MAJICHbKHE;

T') BJIEKTPOHY COIOCTAaBISIETCS cChepruueckast BOJIHA, a HEUTPOHY IIOCKAs;

1) UM COINOCTAaBJISIOTCS TIOCKUE BOJHBI Pa3IMYHON YACTOTHI, TaK KaK y HUX Pa3INYHBIN
3apsiz;

€) UM COMNOCTABJISIOTCS IUIOCKHE BOJIHBI PA3IMYHON YacTOThI, TaK KaK y HUX pa3IdyHas
Mmacca.

7. B onbrtax [[pBHCOHA U Jl)KepMepa UCCIIeI0BAIIUCH

a) BIMSIHUE ITy4Ka JIEKTPOHOB HA CTPYKTYPY KPUCTAJLIA HUKEJIS;

0) paccessHHE D3JIEKTPOHOB KpPHUCTAJIOM HUKENS B 3aBUCHMOCTH OT YCKOPSIOILETO
HaIPsDKEHUS Ha JIEKTPOHHOM ITyIIIKE;

B) 3aBUCHMOCTb CKOPOCTHU IIyUYKa JIEKTPOHOB OT YCKOPSIOIIEr0 HAIPSKEHUS;

I') OTpa’KE€HHE MyUYKa 3JIEKTPOHOB MOHOKPUCTAJUIOM HUKEJIS;

I[) 3aBUCUMOCTb MHTCHCUBHOCTH OTPAXXCHHOT'O OT INUIACTHUHKH MOJUKPUCTAIIINYCCKOIO



HUKECJIA ITy4YKa 3JICKTPOHOB OT yIJla IaJACHUS.

8. B ombiTax [[pBucona u J[rxepmepa Obu10 00HAPYKEHO:

a) MHTEHCHUBHOCTb PACCESTHHBIX KPUCTAIIIIOM HUKEJIS JIEKTPOHOB 3aBUCHUT YTJIa paCCEsHMUS,
npuyeM HanOoJIbIIasi MHTEHCUBHOCTh COOTBETCTBYET YIUIy 3€PKAIbHOTO OTPasKEHUS;

0) MHTEHCUBHOCTHb PACCESHHBIX KPHUCTAJUIOM HHUKEIsS JJICKTPOHOB 3aBUCUT OT yria
paccestHUsI U IIPEJICTaBIsIeT COO0M CHCTEMY YepelyIONINXCcsl MAKCHMYyMOB U MUHUMYMOB;

B) pacnpe/ielIeHue MHTEHCUBHOCTH PACCESHHBIX KPUCTAJUIOM HUKEJIS JJIEKTPOHOB 3aBUCHUT
OT yTJia MaJIeHus;

T') pacnpeielieHne UHTEHCUBHOCTHU PACCESIHHBIX KPUCTAILIIOM HUKEIS JIEKTPOHOB 3aBUCHUT
OT HaIpPsDKEHUS HA DJIEKTPOHHOM MyIIKE;

1) pacipeiesieHne THTEHCUBHOCTH PACCESHHBIX KPUCTAJUIOM HUKEJIS JJIEKTPOHOB 3aBUCHUT
OT KPUCTAJIMUYECKON CTPYKTYPhl HUKEJS M HU3MEHSIeTCS B IPOIECCe TEPMHUECKOH 00paboTKu
KpHUCTaJLIA.

9. B pesynbrate omnbiToB J[3BHCOHA U [[)kepMepa ObLTO YCTAaHOBIIEHO:
a) SJIEKTPOHBI MIPOSBIISIOT BOJIHOBBIE CBOMCTBA MOJOOHO PEHTTEHOBCKOMY M3ITyUEHUIO;

0) dopmymna ne bBpoiuts mis ompeneneHus JUTUHBI BOJH JJIGKTPOHOB A =h/~2melU
CIpaBe/INBa,

B) BOJIHOBBIC CBOMCTBA SJICKTPOHOB ITPOABJIAIOTCA TOJIBKO IIPU BBEICOKOU IJIOTHOCTH ITy4Ka
3JIEKTPOHOB KaK KOJUICKTUBHBIH 3 deKT;

r) Je OpoWIeBCKas UIMHA BOJHBI 3JICKTPOHOB 3aBUCHT OT KPUCTALTHUECKOW CTPYKTYPbI
HUKEJISl 1 K3MEHACTCS B pe3ysIbTaTe TePMUIECKOM 00pabOTKH KPHUCTAILIA;

o) OOMydYyeHHe HUKENs IIyYKOM JJIEKTPOHOB TPUBOJUT K HAPYIICHUIO €ro
KPHUCTAJUTMYECKOU CTPYKTYPBI;

€) 2JIEKTPOHHBIE ITYYKU MO>KHO UCIIOJIb30BAaTh JUISl U3yUEHUS KPUCTAIIIMYECKON CTPYKTYPbI
BEIIIECTB.

10. SBnenne qudpaKIUK YACTUI] HEBO3MOXHO HAOIIOIATh JIJIs

a) aTOMOB, TaK KaK OHU HE UMEIOT 3apsi/a;

0) aToMOB, TaK J¢ OpoiJieBCKas JJIMHA BOJIHBI MX 3HAYUTEIBHO OOJBIIE BO3MOMHBIX
MPEMSATCTBUN B OMBITaX MO TUDPAKIUY;

B) KPYIHBIX YaCTHI], pa3Mepbl KOTOPBIX OOJIbIIEC Pa3MepOB HPEMATCTBUN B OIBITAX IO
TG paKIng;

I') HEHTPOHOB, TaK KaK OHU HE UMEIOT 3apsJia;

1) MOJICKYJI, €CJTM UX Iy4OK OYCHb MaJIOl TUIOTHOCTH;

€) MOJIEKYJI, €CJTU MX IIyYOK HE SIBJIICTCS MOHOXPOMATHUYHBIM;

%K) DJICKTPOHOB, €CJIM UX IMTYYOK HE SBIISIETCS MOHOXPOMATUYHBIM;

3) IPOTOHOB, €CJIM UX MyYOK MaJIOH HHTEHCUBHOCTH;

1) aTOMOB, YaCTh U3 KOTOPHIX B BO30YKJIEHHOM COCTOSTHUU.

11. ®usnueckuii cMbIci BOJIH A€ bpoilis cocTouT B TOM, UTO:

a) aMIUINTY/a BOJIHBI ABJISIETCSA BEPOSTHOCTHIO HAX0XKICHHSI YaCTULIBL;

0) aMIIIUTyZa BOJIHBI, @ BEpPHEE €€ KBaJpar, OINpEeleNsieT BEPOSTHOCTb HAXOXKICHHS
YaCTULBL;

B) 4aCTOTA BOJIHBI OIIPEAEISAET BEPOSITHOCTh HAX0XKJIEHUS YaCTHULIBL;

r) (aza BOJIHBI OIIPEJEIIeT BEPOATHOCTh HAXOMKIEHUS YaCTHLIBI;

1) (hazoBasi CKOPOCTb BOJIH /i€ Bpoiinis 1 37eKTpOMarHUTHBIX BOJIH OJIMHAKOBA;

€) rpyInmnoBasi CKOpOCTb BOJIH Jie Bpoiiis ¥ 3IeKTpOMarHUTHBIX BOJIH OJJMHAKOBA.

12. CooTHomieHus HeotpeAeeHHocTel [ eif3endepra ycTaHaBIMBAIOT:
a) CBSI3b MEX/1y UMITYJIbCOM U SHEPTUEH YaCTHULIbI;



0) CBA3b MEXIY UMITYJIbCOM U KOOPJIUHATON YaCTHUIIBI;

B) CBSI3b MEXIY UMIIYJIbCOM U BEPOSATHOCTBIO HAXOXKIEHUS YaCTHULIBL;

I') 3aBUCHMOCTb MEX]y OJHEprueil 5JIeKTpOHAa M BPEMEHEM >KU3HH BO30YXICHHOTO
COCTOSIHUS aTOMa;

1) TPaHULIbI IPUMEHUMOCTH KJIACCUYECKON MEXaHUKU K OMHCAHUIO MUKPOOOBEKTOB;

€) CBSI3b MEXY €CTECTBEHHON HEOINPEAEIEHHOCThIO UMITYJIbCA U KOOPIAMHATHI YaCTHIL 110
IIPUYHMHE HAJIMYUS Y HUX BOJTHOBBIX CBOMCTB;

) CBSI3b MEXJY €CTECTBEHHOM HEOIPEAEIEHHOCTbIO BHYTPEHHEW SHEPruu aToMa
CPEHUM CTATUCTHYECKUM BPEMEHEM CYIIIECTBOBAHUS COCTOSHHS aTOMA.

13. UTo M3 NEpeyuclieHHOI0 HM)KE€ MOXKHO OOOCHOBAaTh HCXOJAS M3 COOTHOILEHHH
HEONPEIEIECHHOCTEM:

a) HAJINYME MOHOXPOMAaTUYECKOIO U3ITy4EHUS;

6) NPUHOUIIHNAJIBHYO HCBO3MOXKHOCTH JOCTUYb H;[eaanoﬁ MOHOXPOMATHYHOCTH
U3JTy4YEHUs;

B) IIMPUHY CIEKTPAJIbHBIX JIUHUNA CUIBHOPA3PEKEHHBIX I'a30B;

I') 3aBUCUMOCTb LIIMPUHBI CIIEKTPAJIbHBIX JIMHUN aTOMOB OT TEMIIEPaTyphl;

1) CYIIECTBEHHO OOJIBIIYIO MUPUHY CIIEKTPATBHBIX MTOJIOC JUTSI MOJICKYJI, YeM ISl aTOMOB;

€) MUHMMAJIbHO BO3MOXKHBIE pa3Mephl aTOMa;

) Maccy IOKOS 3JIEKTPOHA.

14. Kakoit u3 npeACTaBICHHBIX HUXKE BapUAHTOB IMPABUJIBHO OMNPEIEISIET CMBICI
CTaTUCTUYECKOW UHTEPIpETAIIMU BOJH Je bpoinsa?

a) BOJIHOBBIM 3aKOHAM TMOJYHUHSIOTCA HE CaMHU YacTHUIbl, a HUX CTaTUCTUYECKOE
pacmpesesieHre B IPOCTPAHCTBE M BO BPEMEHM WIHM, MHA4Y€ TOBOPS, BOJHOBBIM 3aKOHaM
MOJYMHSETCS] BEPOATHOCTh HAXOKEHUS YACTUIbI B TOM WUJIM UHOM MECTE;

0) BOJHOBBIC CBOMCTBA YACTUIl MPOSBISIOTCS HE BCETNIAa; OHU MPOSBIAIOTCS JIMIIb C
ONPENIETICHHON BEPOATHOCTHIO, KOTOpas 3aBUCUT OT BHEUIHUX YCJIOBHH M JUIMHBI BOJHBI JI€
bpoins;

B) BOJTHOBBIE CBOICTBA YaCTHUIl MPOSIBIAIOTCS TOJIBKO i OONbIIUX aHcaMOJel JacTull u
BOJTHOBBIM 3aKOHAM MOTYUHSIOTCS CPEAHUE CTAaTHUCTUYECKHE XapAKTEPUCTHUKU YACTHII, KOTOPHIE
BCET/Ia HE/ICIUMBI.

KonTpoJsbHbIe padoThl 10 y4eOHOM NporpaMmme
KonTtpoJubnas pabora Ne 1

Bapmnanr 1

1. Kakas nmons sHeprum (OTOHA TPUXOIUTCS HA AJICKTPOH OTHa4u mpu dPdekrte
Komnrona, ecnu paccesinue (poToHa IpoUCcXoIuT Ha yroi a=90°? Dueprus poToHa 10 paccessHUs
Ep=0,51 MaB.

2. Haiitu nnuny BosHbI fe bpoiins A 1u1st 31eKTpoHa, UMEIOIIEro KHHETHYECKYI0 SHEPTUI0
K =10 x3B.

3. ®otoH ¢ sueprueit E=16,5 3B BbIOMIT 31€KTPOH U3 HEBO30YKIEHHOI'O aTOMa BOJIOPOJIA.
Kakyto ckopocTh v OyAeT UMETh 3JIEKTPOH BIAIH OT siapa atoma’?

Bapmuanr 2

1. PeHTreHoBckoe M3iyueHHE ¢ JAJIUHON BoJHBI Ao=10 mM paccewBaeTcsi CBOOOIHBIMU
anekTpoHamu. OrmnpeaenuTe MaKCUMalbHYIO JUIMHY BOJHBI PEHTTEHOBCKOTO W3Iy4YeHHs B
paccesiHHOM IIyuKe.

2. Kakyro pa3HOCTh OTCHIIMAIOB JTOJDKEH MPOUTH JIEKTPOH U3 COCTOSHUS MOKOSI, YTOOBI
€ro JJIMHa BOJIHBI cTana paBHou 0,16 HM?



3. Ilpn M3MepeHNH OTHOCUTEIBHONW HEONpEAEIeHHOCTH CKOPOCTH JIOKAJIM30BaHHOTO B
HEKOTOPOi 00J1acTH AJIEKTpOHa, YCKopeHHOTo Hanpspbkenuem U=10 B, nonydeno 3nauenue 0,01.
Ouenure pazmep 00JaCcTH JTOKATH3ALUH.

Bapuant 3

1. ®oToH ¢ sHepruei, paBHON PHEPTUU IMOKOS 3JEKTPOHA, paccesuics Ha CBOOOIHOM
snekTpoHe Ha yroa o=120°. Omnpenenurte SHEPIHIO PacCESHHOro (OTOHA M KHHETHYECKYIO
DHEPTHUIO JIEKTPOHA OTJAYH.

2. Onpenenure KMHETUYECKYIO SHEPIUIO JIEKTPOHA, €CIIM €ro JJIMHA BOJIHBI e bpoins
paBHa 0,1 M.

3. Beruucnute snepruto E (oToHa, ncnmyckaemoro mpu nepexoie NEKTpoHa B aToMe
BOZIOPOJIA C TPETHETO IHEPIETUYECKOIO YPOBHSI HA IIEPBBIN.

Bapmuanr 4

1. OnpenenuTs MaKCUMaJIbHOE U3MEHEHHE JUTMHBI BOJIHBI IPY KOMITOHOBCKOM PacCesHUU
CBETa: a) Ha CBOOOIHBIX AJIEKTPOHAX; 0) Ha CBOOOIHBIX MPOTOHAX.

2. Kakyio yCKOpSIOIIYI0 Pa3HOCTh NMOTEHLHUAJIOB JOJDKEH NMPOUTH MPOTOH, YTOOBI €ro
JUIMHA BOJIHBI J1e bpoiing crana pasnoit 0,1 nm?

3. OnpenenuTb JUIMHY BOJHBI A, COOTBETCTBYIOILYIO TPETbEH CHEKTPaibHOH JIMHUM B
cepuu banemepa.

Bapmuanr S

1. Onpenenutb yron o paccestHusi (POTOHA, UCHBITABLIETO COYAApeHHE CO CBOOOJHBIM
AIIEKTPOHOM, €CIIM U3MEHEHHE JITUHBI BOJTHBI AL IIPU paccestHuU paBHO 3,62 1M.

2. YeMy paBHa CKOpPOCTh aTOMa I'eJIusl, €CJIU €ro JJIMHa BoJIHbI ¢ bpoinsa pasna 0,1 Hm?

3. BeIuucnuTh pagunychbl BTOPOi U TpeThel OpOUT B aTOME BOJIOPO/JIA.

KonTtpoubsnas padora Ne 2

Bapmuanr 1

1. 3anucars ypaBuenue Llpéaunrepa 1ist 35eKTpoHa, ABHKYIIEHCS B KYJOHOBCKOM I0JIe
HETOKBIKHOTO SJIpa ¢ 3apsaoM Ze.

2. Onpeaenuts A1 BOJOPOIOTIOT00HOTO HOHA PaJARyC /-1 OOPOBCKOM OpOUTHI U CKOPOCTh
AIEKTPOHA HA Hel. BRIYUCINUTE 3TH BETUYHHBI 7151 IEPBOM OOPOBCKOW OPOUTHI aTOMa BOJIOPOAA.

3. 3anucaTh AMEKTPOHHYIO KOHPUTYPAIUIO aTOMa ATFOMUHUS.

Bapuanr 2
1. y-QyHKIHMSA HEKOTOPOil yacTuIbl uMeeT BuA (1) =(A/r)-e"*, rae r — paccTosHue

STOW 4YacTHIBl JO CHJIOBOTO IIEHTpa, @ — HEKOoTopas mocrosiHHas. lcmonb3ys yciaoBue
HOPMHPOBKH BEPOATHOCTEH, OMPeeTUTh HOPMUPOBOUHBINA KO3 PHLeHT 4.

2. Onpenenuthb NepBbI MOTEHIMANT BO30YKACHUS (1 U JUIMHY BOJIHBI PE30HAHCHOW JIMHUU
JUIsl aTOMa BOAOPOJa.

3. 3anucath JIEKTPOHHYIO KOH(PUTYpAILMIO aTOMa KUCIOPO/a.

Bapuant 3

1. y-pyHKIMS HEKOTOpOi yacTuIbl uMeeT BUL (1) =(A/r)-e”"

“, TJie ¥ — PacCTOsHUE

9TOM dYacTUIBl A0 CHJIOBOTO LEHTPa, a — HEKOoTopas mocTosiHHas. OIpenenuTs cpeaHee
paccTosiHie OT CHIJIOBOTO LIEHTPA.

2. YV KaKoro BOJOPOAONOA00HOT0 HOHA PAa3HOCTH JUIMH BOJIH TOJIOBHBIX cepuii baiesmepa
u Jlaiimana paBHa 59,3 um?

3. OnpeznenuTh MaKCHMAIBHOE YHCJIO 3JIEKTPOHOB, KOTOPBIE MOTYT HAaXOJHWTHCS Ha
noxypoBHe 3d.



KonTtposbnas padora Ne 3

Bapmuanr 1

1. Haiitu »ddekTuBHOE ceueHHe sapa aToMa ypaHa, COOTBETCTBYIOIIEE PACCESIHHIO Ol
4acTHUIl ¢ KUHETHYecKoii aHeprueit K=1.5 MaB B unrepsae yrios cBaiie Vo= 60°.

2. OmpesenuTh Aj1s aToMa BOAOpoa U MoHa He': sHepruro cBsi3u dJIeKTpOHa B OCHOBHOM
COCTOSTHUM U MOTEHIIMAJ HOHU3ALIUH.

3. Onpenenuts MOTEHIMA HOHU3AIUK W TIEPBBIN MOTEHIMAN BO30YkIeHUs atoma Na, y
KOTOPOT'0 KBaHTOBBIC JiePpekThl ocHOBHOTO TepMma 3S u 3P paBubl coorBercTBeHHO 1,37 1 0,88.

4. Jlonucath HeIOCTAIOLINE KOMIIOHEHTHI MYIbTHILIETOB “P32, *D1, “Fsp2, *P2, °Da, “Piy.

Bapuanr 2

1. DddexruBHOe cedyeHue sApa aromMa  30J0Ta, OTBEYAIOIIEE  PACCESHHIO
MOHOPHEPIeTHYECKUX Ci-d4acTul] B uHTepBane yrinos ot 90° mo 180°, pasno Ac=0.5.102! cm?.
OnpenenuTb KUHETUYECKYIO SHEPTHUIO Ol-YACTHII.

2. Onpenenuth Ajs atomMa Boaopoaa u MoHa He': mepBulif moTeHman Bo30yKaeHUs
JUIMHY BOJIHBI TOJIOBHOM JTMHUU cepun JlalimaHa.

3. Haiitu sHepruro CBsi3u BaJICHTHOT'O JIEKTPOHA B OCHOBHOM COCTOSIHMM aTtoMa Li, eciu
U3BECTHO, 4YTO JIMHBI BOJIH TOJIOBHOHM JIMHUU PE3KOW CepUM M €€ KOPOTKOBOJHOBOM I'DaHHIIbI
paBubl cooTBeTcTBEHHO 0.813 1 0.349 MKM.

4. Bo3MoxHBI 11 cremyromue coctosaus: 2S1, 3So, *Po, >Si/2, 212, Do, 2D1/2?

Bapuant 3

1. DddexruBHOe cedyeHue sApa aromMa  30J0Ta, OTBEYAIOIIEE  PACCESHHIO
MOHOPHEPIeTHYECKUX Ci-d4acTul] B uHTepBane yrnos ot 90° no 180°, pasno Ac=0.5.102! cm?.
Onpenenuts audepennuansaoe ceuenne paccesuus do/dc, coorsercTByromee yriy v=60°.

2. Onpenenurs U1 aToMa BoJopoaa 1 mona Li*™: sHepruro nonusanum.

3. CKOJIBKO CHEKTPAJIBHBIX JIMHHMA, Pa3pelIeHHBIX MpaBHJIaMH OTOOpa, BO3HUKAET IPH
[IEPEX0/Ie aTOMAa JINTUS B OCHOBHOE COCTOSIHUE U3 cocTosiHusA 457, 4P?

4. Kakue U3 cieyIoluX ONTHIECKHX TIepeX0I0B pazpeniensl: 2Si2 — 2Dsp ; P32 — 2Dan;

1So —3P1; n1'So —n'Se?
KonTtpoubnas padora Ne 4

Bapmuanr 1

1. Haiitu »ddekTuBHOE ceueHHe sapa aToMa ypaHa, COOTBETCTBYIOIIEE PACCESIHHIO Ol
4acTHUIl ¢ KUHETHYecKoii aHeprueit K=1.5 MaB B unrepsae yrios cBaiie Vo= 60°.

2. OmpesenuTh Jj1s aToMa BOAOpoJa U noHa He': sHepruro cBs3u dJIEKTPOHa B OCHOBHOM
COCTOSTHUM U MOTEHIIMAJ HOHU3ALINH.

3. Onpenenuts MOTEHIMA HOHU3ALMK U TIEPBBIN MOTEHIMAN BO30YykIeHus atoma Na, y
KOTOPOT0 KBaHTOBbIE 1e(pekThl 0cHOBHOTO Tepma 3S u 3P paBHbI coorBeTcTBeHHO 1,37 1 0,88.

4. JlonucaTh HEJOCTAIOIINE KOMIOHEHTbI MYJIbTUILIETOB P32, 3D1, *Fsp, 3P2,°Da, *Pisa.

Bapmuanr 2

1. DOddextuBHoe cedyeHHe sApa  aTOMa  30JI0Ta, OTBEYAIOIIEE  PACCESTHHUIO
MOHOPHEPIeTHYEeCKUX C-4acTul] B uHTepBane yrnos ot 90° no 180°, pasno Ac=0.5.102! cm?.
OnpenenuTs KUHETUYECKYHO SJHEPTHIO Ol-YaCTHII.

2. Onpenenuth sk aToMa Bojopoja ¥ WoHa He': mepBbiil moTeHIman Bo30yKIEHUs 1
JUIMHY BOJIHBI TOJIOBHOM JIMHUHU cepuH JlaiimaHa.

3. Haiitu sHEepruto cBsi3u BaJIEHTHOI'O 3JEKTPOHA B OCHOBHOM COCTOSIHUU atoma Li, eciu



W3BECTHO, YTO JUIMHBI BOJH T'OJIOBHOHM JIMHUHM PE3KOH CEpUM U €€ KOPOTKOBOJIHOBOM T'PAHMIIBI
paBubl cooTBeTcTBEHHO 0.813 11 0.349 MKM.
4. Bo3MoxHBI 11 cremyromue coctosaus: 2S1, 3So, *Po, >Si/2, 2112, Do, 2D1/2?

Bapuant 3

1. DddexruBHOe cedyeHue sApa aromMa  30J0Ta, OTBEYAIOIIEE  PACCESHHIO
MOHOPHEPIeTHYECKUX Ci-4acTul] B uHTepBane yrinos ot 90° no 180°, pasno Ac=0.5.102! cm?.
Onpenenuts audepennuansaoe ceuenne paccesnus do/dc, coorsercTByromee yriy v=60°.

2. Onpenenurs U1 aToMa BoJopoaa 1 vona Li*™: sHepruio nonusanum.

3. CKOJBKO CHEKTPAJIBHBIX JIMHHMA, Pa3pelIeHHBIX MpaBHJIaMH OTOOpa, BO3HUKAET IPH
[IEPEX0/Ie aTOMA JINTUS B OCHOBHOE COCTOSIHUE U3 cocTosiHUSA 457, 4P?

4. Kakue U3 cieyIoluX ONTHIECKHX TIePeX0I0B pazpeniensl: 2Si2 — 2Dsp ; P32 — 2Dan;

1So —3P1; n1'So —n'Se?
KonTtposbnas padora Ne 5

Bapmuanr 1

Orenure ¢ nomomisio Gopmyisl R = 1,3(4)"? mnotrocTs sapa.

Ipenapat 2**U maccer 1,0 . Usnyuaer 1,24-10* aneda-yactun B cexyHmy. Haiitu ero
nepuo/ Moypacrnaja.

B nenouke pasnoakTUBHBIX MpeBpalleHuii nocie 4-x B -pacnasoB 1 HECKOIbKHX anbda-
pacragoB AIpO TSHKEIOTO 3JEMEHTa IMPEBPAIIACTCS B YCTOMYMBOE SAPO, MOPSAKOBBIM HOMED
koToporo Ha 10 MeHsbI1e nepBoHavanbHOro. Ha ckojabko MeHbIIE IEpBOHAYAIBbHOIO CTAHOBUTCS
MaccOBO€ YHCJIO MOJIy4UBIIErocs sapa’?

Bapmuanr 2

Onenute ¢ noMoIIbo GopMyIibl R = 1,3(A)1/ 3 yueno HYKJIOHOB B €IMHUIIE 00BbEMA AIpa.

3Has MOCTOSHHYIO paciaja A siapa oNnpeAeauTh BEPOSTHOCTb TOTO YTO OHO pacrlajieTcs 3a
Bpems ot 0 1o 7.

W3oTon paaust ¢ MaccoBbIM 4YUCIOM 226 MpeBpaTWIICS B M30TOIN CBHUHIIA C MAacCOBBIM
yucioMm 206. Ckonbko anbda u 6era pacmnagoB MPOU30LLIO IPH 3TOM?

KonTpoasnas padora Ne 6

Bapuanr 1

BbIYUCIMTD B a.€.M. Maccy spa SLi, s5Heprus cBsA3u KOToporo pasHa 41,3 MaB.

AKTHUBHOCTh PaJMOaKTHUBHOIO 3JIEMEHTa YMEHbIIWIach B 4 pa3a 3a 80 auei. Halinure
nepuoJ noxypacnaza (B JIHAIX).

CKoJBKO o ¥ B-pacnafioB ucnsithiBaeT 22U , mpeBpamasch B KOHeUHOM cyete B 2*°Pb?

Bapuant 2

BbIuucIuTh B a.e.M. Maccy sapa |'C ¢ sHeprueii cBs3u Ha olMH HYKIIOH 6,04 M>aB.

AKTHUBHOCTH HEKOTOPOTO PaJMOM30TOIa yMeHbIaeTcs B 2,5 pa3a 3a 7,0 cyrok. Haiitu ero
nepuoJ MoJtypacrnaja.

Kakue spa 06pasyrores u3 anbda-akTusHoro 22°Ra B pesynsTate natu anbha-pacnagos
u 4-x B -pacnagoB?

KonTtpoJubnas pabora Ne 7

HenonuxHnas yactuma mMaccel M pacnamaercss Ha 2 y-kBaHTa. OmnpenesiuTe UMITYJIbC
Ka)XI0T0 Y-KBaHTA.
B HayanbHbI MOMEHT aKTMBHOCTh HEKOTOPOro M3oTona coctasisia 1,2-10° Bk. Kakosa



OyJIeT €ro akTUBHOCTh MO MCTEYEHHUH TIOJIOBHHBI EPHO/Ia HOJTypacaa’?

Ipu nenenuu onHoro sxpa 2>°U Ha Ba OCKoJKa Bhiaensercs okono 200 MaB suepruu.
Ckonbko sHepruu (B ) BBIICIUTCS NPU CKUTAHUH B IEPHOM peakTope 20-TH rpaMMOB 3TOT0
u3otomna?

3a4eTHO-IK3aMeHALMOHHBbIE MATEPUAJIBbI JJIsI NPOMEKYTOYHOH  aTTeCTALMHU
(Ax3amMeH)

AtoMHas ¢puzuka

1. Mukpomup. MacmTabbel. OKCHEpUMEHTAIbHBIC JaHHBIE O CTPOCHUM aToOMa.
CepuanbHble 3aKOHOMEPHOCTH B ATOMHBIX CIIEKTPax, KOMOMHAIIMOHHBIN MPpUHLINAI PUTIIA, TEpMBI.

2. Ksantel cBera ((oronsr). TermaoBoe wu3dydeHHE: KIACCHUYECKUH W KBaHTOBO-
MexaHndeckuit moaxos. @orosddekr: ero BuabI U 3aKoHbl. PopMyia DHHIITEHHA.

3. Topmo3Hoe peHTreHoBckoe u3nyudeHue. JlaBnenue wusnydenus. Ilormonienue
u3nydyeHus. M3nyuenne BaBunoBa—Yepenkosa.

4. Dddexr Komnrona. JlokazaTenbCTBO HEBO3MOXXHOCTH TOTJIOMICHHUS (OTOHA
CBOOOJTHBIM DJIEKTPOHOM M TEOPETUYECKHA BBIBOJ (POPMYIIBI I KOMIITOHOBCKOTO CIBHTA.

5. Omwitel Pezepdopna. SAnepnas monens aroma. BeiBog ¢opmynsl Pesepdopaa ms
paccesiHus O-4acTHLl.

6. CnenctBuss u3 onbToB Pesepdopna. OxcrnepuMmeHTallbHas MpoBepka (HOPMYJIbI
Pesepdopna. [Inanerapuas moaens aroma Pesepdopna. DpdexTuBHOE cedeHne paccesiHusl.

7. CnexTpajbHblE CEpUHM aToMa BOAOpOJa. DJeMeHTapHas OOpoBCKas Teopus aroma
Bogopoza. [Tocrynater bopa.

8. DKcrepuMeHTalIbHOE MOATBEPIKICHNE KBAHTOBAHUS SHEPTE€TUYECKUX YPOBHEH aTOMOB,
omnbIThl @panka u ['epuia. CriekTpanbHbIe CEpUH BOJOPOI0NOI00HBIX cucTeM. HepocTaTku Teopun
bopa.

9. Yactuusl u BosHbL. KopmyckyisipHO-BOJIHOBOM nyanusm. ['unoresa ae bpoitns u ee
AKCIIEPUMEHTAIbHOE NOATBepKAeHUE. DazoBas U IPyINIoBas CKOPOCTH BOJIH Jie bpoiins.

10. VYcnoBue BO3MOXHOCTH OJHOBPEMEHHOI'O U3MEpPEHHUs (PU3NUYECKUX BEIHYUH.
CoorHouieHue HeonpeaeaeHnocrel I eitzendepra.

11. CocTosiHre YyacTUIlbl B KBAaHTOBOM Teopur. BolHOBast GyHKIIHS M €€ CTaTUCTUICCKUM
cMmblci. [IpuHiun cynepno3uuuu.

12. Omneparopbl B KBaHTOBOM MeXaHMKEe M HX CBOicTBAa. COOCTBEHHBIC 3HAUCHUS U
COOCTBEHHBIE (DYHKIIMH OTIEPATOPOB.

13. Cpennue 3HaueHUs PU3NUECKUX BEIUYUH. Y CIOBHE BO3MOXKHOCTU OJJHOBPEMEHHOTO
U3MepeHUs PU3NICCKUX BEITUIHH.

14. Oneparopbl BaxXHEHIINX (U3UYECKUX BEIMYUH (KOOPAMHATHI, UMITYJIbCa, BEKTOpa
MMIIYJIbCA, MOMEHTA UMITYJIbCa, KBaJlpaTa MOMEHTA UMITYJIbCA).

15. Omnepatopsl BaxHeWIInX (pU3NUECKUX BEIUYUH (IIPOEKIMM MOMEHTAa HMITYJIbCa,
KHUHETHUYECKOW HEPTUH, MOTEHIUATLHON YHEPTUH, TIOJIHON YHEPTHUN).

16. Bpemennoe u crauronapHoe ypaBHenusi IlIpeaunrepa. KBantoBanue. YpaBHEHUS
HIpenunrepa B onepatopHoit popme. Oneparop ["'amunbroHa.

17. OmnpeneneHue SHEPreTMYECKOTO CIEKTpa CHUCTEMBbl KaK 3ajJaya Ha COOCTBEHHBIE
3HaueHus oneparopa ['amunbToHa. J[BUXKEeHUE CBOOOIHON YaCTUIIBI.

18. Yactuma B OJHOMEPHOW MPSIMOYTOJbHON TMOTCHIIMAIBHOM sIME C OCECKOHEYHO
BBICOKMMHU CTEHKaMHU.

19. OgHoMepHast IpAMOYTOIbHAs TOTEHIMAIbHAS IMA CO CTEHKAMHU KOHEYHOM BBICOTHI.

20. JIuHeNHbI rapMOHUYECKHUI OCIIMILISATOP.

21. OTpakeHHE U MPOXOXKIACHUE CKBO3b MPSIMOYTOJbHBIN OTCHIIMAJIBHBIN Oapbep.

22. TToTeHuManbHbIi 6apbep KOHEYHOH MUpUHBL. TyHHETBHBIN 3 DeKT.



23. KBaHTOBO-MEXaHHYECKOE ONHMCAHME aToMa BojaopoAa. PasneneHue mnepeMeHHBIX.
KBanToBbIE 4Mcra. DHEpPreTMYECKHil CHEKTp. YIVIOBOE U paaualbHOE paclpeiesieHue
AEKTPOHHOMU MIOTHOCTH.

24. OnepaTopbl MOMEHTAa UMITYJIbCa U MPOCKIIMA MOMEHTA UMITYJIbCa U UX COOCTBEHHBIE
3HayeHus. [IpaBuna otbopa. 1s-cocTosiHUE AJIEKTPOHA B aTOME BOAOPO/IaA.

25. KBanroBaHue BoJOpO0IIOI00HBIX aTOMOB. KpaTHOCTD BBIPOXKIEHUS SHEPTrEeTUYECKIX
ypoBHei. CUMBOJIMKA COCTOSIHUHM 3JIEKTPOHA B aTOME. Y POBHU U CIIEKTPHI HIEJIOYHBIX METAILJIOB.

26. IlpaBunma orOopa W CHEKTPAIBHBIE CEPUHM BOJOPOJOMOJOOHBIX aTOMOB. TOHKas
CTPYKTypa CHEKTPAJIbHBIX JIMHUN BOJIOPOAOIOI00HBIX ATOMOB.

27. OpOuranbHble MAarHUTHBIA M MeXaHWYeCKU MOMEHTHl. CIMH M COOCTBEHHBIN
MarHUTHBI MOMEHT 3JIEKTpOHA. DKCIEPUMEHTaIbHOE OITBEPKICHUE CYIIECTBOBAHUS CIIMHA.

28. IlonHplii MOMEHT UMITyJibca. OnMCaHUE COCTOSIHUM 3JIEKTPOHA B aTOME C IOMOIIbIO
HAaOOPOB KBaHTOBBIX yKcell. CuH-0pOUTaIbHOE B3aUMO/ICIICTBHE.

29. MarnuTHble CcBoOWcTBa aroMoB. OpOWTaNbHBINA, CHMHOBBIA M TOJIHBIA MarHUTHBIN
MoMmeHThI atoMa. OnbiTsl LlITepHa—I'epnaxa. [ mpoMarHuTHOE OTHOIIEHHE U MarHeToH bopa.

30. AToM BO BHELIHEM MarHUTHOM 1oJie. HopmaneHbiii 1 anHoManbHbIN 3¢ pexTsl 3eemana
u addext [Tamena—baka. DeKTpOHHBIN MapaMarHUTHBIN pe30HAHC.

31. Ilpunnun Ilaynu u 3amonHEHHE 3JEKTPOHHBIX O0O0JIOYEK B MHOTO3JIEKTPOHHBIX
aToMax. ATOMHbIE 000JIOUKH U 11010001049KK. CrieKTpalibHble 0003HaYeHHS U MpaBuiia 0Toopa.

32. DnekrponHas koHpurypaius. CyMMapHble OpOWTAIBHBIN, CIHHOBBIA W IIOJHBIN
MOMEHTBI MHOTORJIEKTPOHHOTO aroma. LS- u jj- cBs3u. CrekTpaibHble 0003HAUCHUS U IIPaBHIIa
otbopa.

33. Ilepuonuueckasi cuctemMa 3JeMEHTOB MeHjeneeBa. DIEKTPOHHAs KOHPUTYpalus U
npasuia XyHzaa.

34. OcoOCHHOCTH XapaKTEPUCTHYECKUX PEHTTEHOBCKHX CIIEKTpOB. 3akoH Mo3iu.
Oco0eHHOCTH CHeKTpa MOorjomieHus. ToOHKast CTPyKTypa PeHTT€HOBCKUX CHEKTPOB.

35. Cucrembl TOXAECTBEHHbIX 4acTll. CUMMETpUsi BOJHOBBIX (QYHKIMH. Bo3oHbl u
dbepmuonsl. KBanToBO-MexaHn4ueckasi popmynupoBka npuHmumna [laynu.

SAnepunas puszuka

1. OOmue cBoiicTBa aTOMHBIX saep. [IpoTOH-HEWTPOHHAS MOJIENb AApa.

2. 3apsan, pasMmepbl, ¥ Macchl sfaep. MeTtonasl ux ompeneneHus. M3otomsl, n300apsl,
n30TOHBI. [I10THOCTH A1epHOrO BeniecTBa.

3. DHeprus cBsa3u sapa. [Homysamnupudeckas popmyna Baiinzekkepa 1uist SHEPruM CBA3U
szpa.

4. N-Z nuarpamma aToMHbIX sifep. Marudeckue sapa. CtaOuibHble U paJulOaKTUBHbBIE
szpa.

5. CnuH ¥ MarHUTHBIH MOMEHT HYKJIOHOB U sfpa. SnepHblii MarHetoH. Meronbl
OIpEE/ICHUs CIIMHA U MarHUTHOT'O MOMEHTA s1/1pa.

6. N3zotonuueckuii cnun anapa. IlpoctpancTBeHHas uHBepcus. 3apsa0BO€ COIpPSLKEHUE.
Oo6pamienne Bpemenu. CPT-teopema.

7. KanenbHas Mmoaens aapa. O61acTh NpUMEHEHUs! U HEJOCTaTKU KareJIbHOW MOJIETH.

8. ®usnueckoe 000CHOBaHHME 000J04YeyHOH Mozaenu sapa. O6macTb NPUMEHEHUS U
HEJ0CTaTKU 000JI0Y€YHON MOJIEIH.

9. O0uue cBoicTBA SEPHBIX CHII. Me30HHas TeOpUs AICPHBIX CHIL

10. Xapakrep u cneuuduyeckue OCOOCHHOCTH sJIepHbIX cuil. HyKIOH-HYKIOHHBIE U
HYKJIOH-si/IepHbIE B3auMoAencTBUs. O61acTh CTaOMIBHOCTH SIEP.

11. PaguoakTuBHBIE MpeBpaleHUs fAep. 3aKOHbl PaJMOaKTUBHOrO pacrajga. Bumibl
paZioaKTUBHOIO pacnaja.

12. Ansda-pacnaz siaep. Mexanusm anbha-pacnaza.

13. bera-pacnan siiep. DneMeHTsl Teopuu OeTa-pacnaja.



14. HetitpuHo u ero coiicTBa. HecoxpaHeHHEe YeTHOCTH NIPH CIIA0BIX B3aUMOICHCTBHSX.

15. 'aMMa-u3i1y4eHue g/1ep U BHyTPEHHS1 KOHBEPCUS SIIEKTPOHOB.

16. Ddpdext Meccbayspa u ero nmpakTUIECKoe MPUMEHEHHE.

17. SinepHble peakuuu. 3aKOHbI COXPAHEHUS B AJIEPHBIX PEAKLUAX.

18. Knaccudukanus siepHbIX B3aUMOICHCTBHI.

19. DHepreTuueckas cxema siiepHoi peakiuu. [lopor sH10HEpreTHUECKOi peakLuu.

20. IMnynbCHBIE UAarpaMMbl pacCesHUS MPU SAACPHBIX B3AUMOICUCTBUSIX.

21. SlnepHble peakiyu ¢ 00pa30BaHUEM KOMITAYH]I s/Ipa.

22. Jlenenue aTOMHBIX S7€p. DHEPreTUYECKHUE YCIOBUS JEICHUS U JJIEMEHTapHAas TEOpUs
JIEJICHUS.

23. BBIHYKJIGHHOE M CIIOHTAHHOE JiesieHue siaep. Bropuunsie HelTponsl. Koaddumnment
Pa3MHOXKEHHUS.

24. llenHo# mpo1iece AePHOIO JISICHUS U €ro MPaKTUYECKOE MPUMEHEHHE.

25. Snepuble peaktopbl. CUHTE3 JIETKUX AJED.

26. Tepmosinepusle peakiuu. [IpoGiieMbl yrpaBiisseMoro TepMOsIIEPHOTO CUHTE3A.

27. Slnepuble peakiuu B 3Be3Aax. [IpoTOHHO-IPOTOHHBIM LUKI. YTJIEPOAHO-A30THBIN
LUKIL

28. B3aumojeicTBUE 3apsHDKEHHBIX YacTHLl, HEUTPOHOB M I'aMMAa-KBaHTOB C BEILIECTBOM.
[Totepu sHepruu Ha MOHU3ALUIO U BO30YKJICHIE aTOMOB.

29. OcHOBHbBIE XapaKTEPUCTHKU IpoLEcca MPOXOXKJIEHUS 3apsSKEHHBIX YacCTHUL] Yepe3
BEILECTBO.

30. buosornueckoe neWCTBUE MOHU3UPYIOUIMX H3IyueHUu. [[o3umerpus U 3ammra oT
MOHU3UPYIOLIUX U3TYyYEHUN.

31. XapakTepucTUKa U3BECTHBIX THIIOB (DyHIaMEHTAIBHBIX B3auMoieicTBuid. KOHCTaHTHI,
paanychl ¥ IEPEHOCUYMKH B3aUMOJECHCTBHUS.

32. Knaccudukanus 3neMeHTapHbIX YacTHll B paMkax CtangapTHoi Moaenu.

33. KBaHTOBbIE 4YHMCIAa W 3aKOHbl COXpaHEHHs. YacTHIbl W B3aUMOJCHUCTBUS.
Knaccudukanus cTabUIbHBIX U KBa3UCTAOMIBHBIX 3JIEMEHTAPHBIX YACTHII.

34. Yactuusl u a"tuyacTuubl. [lpuHuun 3apspoBoro compsbkeHus. CTpaHHOCTb.
YerHocts. M30TONMUECKNi ClIMH. 3aKOHBI COXPAHEHUS B MUPE JIEMEHTAPHBIX YaCTHII.

35. Metonp! peructpanuu yactuil. Kiaccudukanus 1eTeKTopoB 3JIeMEHTAPHBIX YaCTHII U
paZOaKTUBHBIX U3TYyUYEHUI.

36. O0mue NpuUHIUIBl YCKOPEHUS 3JIEMEHTapHBIX YacTHIl U sA1ep, Kiaccuduxanus u
¢du3nueckre NpUHIUITEI paOOThl YCKOPUTETEH.

37. Knaccuduxanuss ¥ KBaHTOBbIE XapaKTEPUCTUKHU aqpOHOB. bapuoHbBl U ME30HBI.
Ksapxku.

38. KBapkoBas cTpykTypa aapoHOB. [[BeTOBOE B3aUMOJIECHCTBUE, TTOHATHE O KBAHTOBOWU
XPOMOJIMHAMUKE, TIIIOOHBI.

39. Cummerpun u 3akoHbl coxpaHeHus. CPT-unBapuantHocTh. Hecoxpanenue
IPOCTPAHCTBEHHOM U 3aps10BOM YETHOCTH B CIa0bIX B3aUMOJCHCTBUSX.

40. Kocmuueckue mayun. CoctaB, MPOUCXOKJIEHUE U PACIpPOCTPaHEHHE KOCMHYECKOIO
U3IyUYEHUS.

Kputepun oneHuBanus pe3yibTaToB 00y4eHuUst

Ounenka Kpurtepun oneHUBaHNS N0 3K3aMEHY
OLICHKY «OTJIMYHO» 3aCIyKUBAET CTyACHT, OCBOUBLINI 3HAHMSI, yMEHMS,
Bricoknii KOMIIETEHIIH U TEOPETUYECKUI MaTepua 0e3 mpoOeoB; BHIOTHUBIIHUIA
YPOBEHB «5» BCE 3aJaHus, INPEAyCMOTPEHHbIE YYEOHBIM IUIAHOM Ha BBICOKOM
(oTMuHO) KayeCTBEHHOM YpPOBHE; NPAaKTUYECKHE HABBIKH NPO(ECCHOHATBHOTO
IIPUMEHEHHs OCBOSHHBIX 3HAaHUH c(hOpMUPOBaHbI




OIICHKY «XOpOoIIo» 3acCllyKUBAC€T CTYACHT, HPAKTUUYCCKH ITIOJIHOCTBIO

Cpennuit . .
oI;eJII{L s OCBOMBIINI 3HAHUS, YMEHHUS, KOMIIETEHLIUU U TEOPETUUECKUI MaTepural,
yr()xo o) yuyeOHbIe 3aJlaHusl HE OLIEHEHbl MAaKCHUMAaJIbHBIM YHCJIOM OaJlioB, B
p OCHOBHOM c(hOpMHUPOBAJ MPAKTUIECKHIE HABBIKU
ToDOroBLL OLICHKY «YyJIOBJIETBOPUTEIIBHO» 3aCIy’KHUBAa€T CTYIEHT, YacCTUYHO C
OI];eHB 3 npoOenaMyd  OCBOMBINWK  3HAHUS, yMEHUS, KOMIIETCHIIMH |
yp TEOPETUYECKHI MaTepuan, MHOrue ydeOHble 3agaHusi nub0 He
(YooBneTBOpuUTE
1bHO) BBITIOJIHWI, JIMOO OHU OIICHEHBI YHUCJIOM OauioB OJM3KUM K

MUHHMAJIbHOMY, HEKOTOpbIE MPAKTUUYECKNUE HABBIKU HE C(HOPMHUPOBAHbI
MuHMMaIIBHBI | OLIEHKY «HEYIOBJIIETBOPUTEIBHO) 3ACIIyKUBAET CTYIECHT, HE OCBOMBUINI

YPOBEHB «2» 3HaHUS, YMCHHUS, KOMIICTCHIIMM U TEOPETHYCCKUN MaTepuall, ydcOHbIC
(HEyZIOBIICTBOPH | 3aJlaHUs HE BBITOJHWII, TPAKTUYCCKHE HABBIKK HE CPOPMUPOBAHBI
TEJIbHO)

OrneHouHble cpeacTBa Ui HMHBAJIMJIOB M JIMIl C OIPAaHUYEHHBIMH BO3MOXXHOCTSIMH
3II0POBBSI BEIOUPAIOTCS C YIETOM UX WHAWBUAYAIBHBIX IICUXO()U3NIECKIX OCOOCHHOCTEH.

— IIpU He0OXOAMMOCTH UHBAIMIAM U JIULIAM C OTPAaHUYEHHBIMU BO3MOKHOCTSIMH 3/I0POBbS
IIPEIOCTABIISAETCS AOMOJHUTEIBHOE BpeMs JUIsl TIOATOTOBKH OTBETAa HA SK3aMEHE;

— IIpU IPOBEJICHUH NPOLETYPHl OLICHUBAHUS PE3YyJIbTaTOB 00yUEHHs] MHBAIUAOB U JIUI] C
OTPaHUYCHHBIMU BO3MOXXHOCTSIMH 3JIOPOBbBSI TPETYCMATPUBACTCS MCIIOJF30BAaHHE TEXHUIECKUX
CpPEZCTB, HEOOXOIUMBIX UM B CBSI3HM C UX UHJIUBUAYAIbHBIMUA OCOOCHHOCTSIMH;

— TIpY HEOOXOAUMOCTH ISl 00YUAIOIMIUXCS ¢ OTPAHUYCHHBIMH BO3MOKHOCTSIMHU 37I0POBBS
U MHBAJIUIOB TpOLEAypa OLEHUBAHUS PE3yJbTaTOB OOyuYeHHUs IO JAUCHUIUIMHE MOXKET
IPOBOJUTHCS B HECKOJIBKO JTAIOB.

[Iponienypa oneHMBaHUS PE3yJNbTATOB OOYUYEHHMsS WHBAJIUAOB U JIUI C OrPaHUYECHHBIMHU
BO3MOXXHOCTSIMU 370POBbsI 110 JAMCLUUIUIMHE (MOJAYJIO) IpelycMaTpuBaeT MpPeJOCTaBICHHUE
uHpopmanuu B (opmax, aJalNTHPOBAHHBIX K OTPAHUYEHUSM HUX 3/10pOBbSI M BOCHPUSATHUS
uHbOopMaLUu:

Jnist I ¢ HapyIIEHUSIMH 3pEHHUSL:

— B rieyaTHO! hopme yBeIMYEeHHBIM HIpUGTOM,

— B (popMe 3IIEKTPOHHOT'O TOKYMEHTA.

JUig U1 ¢ HapyLIeHUSIMU CyXa:

— B I1e4aTHOM (opme,

— B (popMe 3JIEKTPOHHOTO IOKYMEHTA.

Jnist a1 ¢ HapyIIEHUsIMU OTIOPHO-/IBUTATEJILHOTO amnmapaTta:

— B IIe4aTHOU opme,

— B (popMe 3IIEKTPOHHOT'O TOKYMEHTA.

JlaHHBIN TIepedeHbh MOXET OBITh KOHKPETH3HPOBAH B 3aBUCHMOCTH OT KOHTHHTEHTA
o0ydaromuxcs.

5. llepeyenb yueOHOM JIUTEPATYPbl, HHPOPMALMOHHBIX PECYPCOB U T€XHOJIOT Uil

5.1. YueOnas aureparypa

1. AtomHas usuka: yuebno-metoauueckoe nocodue / [A.Il. bapkos, B.C. [lopom, B.E.
JIsicerko u np.]; M-Bo oOpazoBanusi m Hayku Poc. denepanuu, KybGanckuii roc. yH-T. —
Kpacnonap: [Kybanckuii rocyiapctBeHHbli yauBepcurer], 2016.

2. DnexTpoHHBIN Kypc «Du3nka aTomay (BKIt0YaeT B ce0s: 1) 3JIeKTPOHHBIN KypC JICKIIHA;
2) KOHTPOJIBHBIE BOIIPOCHI 10 pa3/ieaM yaeOHOro Kypcea; 3) MpakTHIeCKHe 3aIaHus 110 pa3jaenam
y4eOHOr0 Kypca; 4) TeCThl 10 pa3jienaM yueOHOro Kypcea); peKUM JI0CTyma:

http://moodle.kubsu.ru/

3. Uponos U.E. KBantoBas ¢puzuka. OCHOBHBIC 3aKOHBI: YI4EOHOE TOCOOHE [ DIEKTPOHHBIM
pecypc]: yueb. mocobue — DnekTpoH. naH. — Mocksa: M3natenbctBo «JlabopaTopusi 3HaHUI,




2017. 261 c. — Pexxum goctyna:

https://e.lanbook.com/book/94103

4. Uponos U.E. 3anaun o obmieit pusuke [DeKTpoHHBIN pecypc]: yaeOHoe mocooue s
By30B / Uponos, .E. — 11-e u3n. — M.: Jlaboparopus 3nanui, 2017. — 434 ¢. — Pexxum nocrymna:

https://e.lanbook.com/book/94101

5. CaenneB U.B. Kypc dusuku [Dnekrponnsiii pecypc]: yuednoe mocoodue: B 3 1. T. 3:
KBanroBas ontuka. AtomHas ¢usuka. @usuka TBepAoro tena. Pu3Mka aTOMHOTO sapa M
anemenTapubix yactuil / CaBenwseB U. B. — CII6.: Jlans, 2018. — 308 ¢. — Pexxum pocryma:

https://e.lanbook.com/book/98247#authors

6. Myxun K.H. DxcniepumenTansnas spepHas gusuka. B 3-x T1. T. 1. ®usuka aroMmHOTO
snpa [DnexTpoHHbIN pecypc]: yueb. — DnektpoH. aaH. — Cankr-IletepOypr: Jlans, 2009. — 384 c.
— Pexxum pgocryna:

https://e.lanbook.com/book/277

7. Myxun K.H. DxcniepumenTansHas sigepHas ¢pusuka. B 3-x T1. T. 2. ®usuka saepHbIx
peakuuii [ JIeKTpoHHBIN pecypc]: yued. — DnekTpoH. naH. — Cankr-IletepOypr: Jlans, 2009. — 326
¢. — Pexwum nocryna:

https://e.lanbook.com/book/279

8. Myxun K.H. DOxcnepumenranbHas snepHas ¢usumka. B 3-x t1. T. 3. Dusuxa
3JIEMEHTAPHBIX YaCTHUIl [DIEKTPOHHBIN pecypc]: yueb. — DnekTpoH. maH. — Cankt-IleTtepOypr:
Jlanb, 2008. — 432 c. — Pexxum gocryna:

https://e.lanbook.com/book/280

9. Myxun K.H. DxcniepumenTanbhas saepHas ¢usuka: yueonuk: [B 3 1.] / T. 1: Ousuka
atomHoro sapa. Uzn. 6-e, uctip. u non. — CII6. [u ap.]: JIans, 2008.

10. Myxun K.H. DkcnepumenranbHas siaepHas ¢usuka: yueOnuk: [B 3 1.] / T. 2: ®usuka
snepHbIX peakuuid. U3a. 6-e, ucnp. u nomn. — CII6. [u ap.]: Jlaas, 2008.

11. Myxun K.H. DkcnepumenranbHas siaepHas ¢usuka: yueOnuk: [B 3 1.] / T. 3: ®dusuka
anemMeHTapHbIX yactuil. U3a. 6-e, uctp. u gom. — CII6. [u ap.]: Jlans, 2008.

5.2. Illepuoauyeckas Jureparypa

VYka3pIBalOTCSl  MEYaTHblE Mepuoaudeckue wu3nanus u3  «llepedyHs medaTHbBIX
NEePUOANYECKUX  UW3JaHuM, XpaHsmmxcs B ¢oune Hayunoit Oubmmoreku KyoI'Vy»
https://www.kubsu.ru/ru/node/15554, u/unm 3n1eKTPOHHBIE TEPUOANYECKUE U3/IaHUS, C YKA3aHUEM
azipeca caita 3JIEKTPOHHOM BEpCUHM KypHaJa, U3 0a3 MaHHBIX, JOCTYI K KOTOphiM uMmeeT Kyol'V:

1. Baser manneix kommanuu «Yct Beroy http://dlib.eastview.com

2. Onexrponnas 6ubdmmoreka GREBENNIKON.RU https://grebennikon.ru/

5.3. UnTepHeT-pecypchbl, B TOM 4YHCJie COBpeMeHHble TNPpodeccHOHATbHbIE 0a3bl
JAHHBIX M HH(POPMALMOHHBbIE CIIPABOYHbIE CHCTEMbI
Dy1eKTPOHHO-0UbMoTeuHbIe cucTeMbl (IBC):
DBC «IOPAUT» https://urait.ru/
9BC «YHUBEPCUTETCKA S BUBJINOTEKA OHJIAMH» www.biblioclub.ru
OBC «BOOK.ru» https://www.book.ru
OBC «ZNANIUM.COM» www.znanium.com
9BC «JIAHDb» https://e.lanbook.com

MR

IIpodeccuonanbubie 6a3bl JTaHHBIX:

Web of Science (WoS) http://webofscience.com/

Scopus http://www.scopus.com/

ScienceDirect www.sciencedirect.com

Kypnanst uznarenscta Wiley https://onlinelibrary.wiley.com/
Hayunas snexkrponnas 6ubnuoreka (HOb) http://www.elibrary.ru/

M




6. TlosHOTEKCTOBBIE apXMBHI BEIYIIUX 3allaJIHBIX HAYYHBIX JKypHAJIOB Ha Poccuiickoii
wiatdopme HayuHbIX xKypHamoB HOMKOH http://archive.neicon.ru
7. HanmoHnanpHass SJeKTpOHHAs OMONMOTEKAa (IOCTYN K OJIEKTPOHHON OMOJIMOTEKE
nuccepranuii Poccniickoil rocynapcrsentoi oudnuorexu (PI'b) https://rusneb.ru/
8. Ilpesunentckas 6ubauoreka um. b.H. Enprina https://www.prlib.ru/
9. DOnexrponHas koiekius Okchopackoro Poccuiickoro @onna
https://ebookcentral.proquest.com/lib/kubanstate/home.action
10. Springer Journals https://link.springer.com/
11. Nature Journals https://www.nature.com/siteindex/index.html
12. Springer Nature Protocols and Methods
https://experiments.springernature.com/sources/springer-protocols
13. Springer Materials http://materials.springer.com/
14. zbMath https://zbmath.org/
15. Nano Database https://nano.nature.com/
16. Springer eBooks https://link.springer.com/
17. «Jlexropuym TB» http://www.lektorium.tv/
18. YuuBepcurerckas uHpopmarmonnas cuctema POCCHUSA http://uisrussia.msu.ru

HNudopmanmoHHbie CIPABOYHbIE CHCTEMbI:
1. KoncynbranT Ilntoc — cipaBoyHasi mpaBoBasi cucteMa (AOCTyI MO JIOKaJIbHOM CETH ¢
KOMITBIOTEPOB OUOIMOTEKH )

Pecypcol cB0OOAHOTO H0CTYyHA:

1. AmepukaHckas nmaTeHTHas 0a3a maHHbIX hitp://www.uspto.gov/patft/

2. TlomHbIE TEKCTHI KaHAACKUX auccepranuid http:// www.nlc-bne.ca/thesescanada/

3. KubepJlenunka (http://cyberleninka.ru/);

4. MuHHUCTEpPCTBO HayKu U BeIcuiero oopasosanus Poccuiickoit denepanuun
https://www.minobrnauki.gov.ru/;

5. ®enepanbHblii nopran «Poccuiickoe odpazoBanue» http://www.edu.ru/;

6. Wndopmanuonnas cucrema «EnnHOE OKHO JOCTyma K 00pa3oBaTelIbHBIM pecypcam»
http://window.edu.ru/;

7. Enunas xomnekuus nudpoBbix 00pazoBaTeNbHBIX pecypcos http://school-
collection.edu.ru/;

8. denepanpHbI HEHTP HHOOPMALIMOHHO-00PA30BaTENBLHBIX PECYPCOB
(http://fcior.edu.ru/);

9. Ilpoekt I'ocymapcTBEHHOTO MHCTUTYTa pycckoro s3bika uMeHu A.C. [lymkuHa
«O0pa3zoBanue Ha pycckom» https://pushkininstitute.ru/;

10. CrmpaBouyHO-MH(MOPMALMOHHBIN TopTal «Pycckuii s3b1k» http://gramota.ru/;

11. Ciyx0a TeMaTH4ECKHX TOJIKOBBIX clioBapeit http://www.glossary.ru/;

12. CnoBapu u 3HIMKIoNeauu http://dic.academic.ru/;

13. OOpa3zoBatenbHbIi nopran «Yuebday» http://www.ucheba.com/;

14. 3akonomnpoekT «006 obpa3zoBanuu B Poccuiickoit denepanvm». Bonpockl U OTBETHI
http://xn--273--84d1f.xn--plai/voprosy_i_otvety

CoOcTBeHHBIE YJIEKTPOHHBIE 00pa3oBaTe/bHbIe U HHPOPMAINIMOHHBIE PeCypPChI

KyoI'y:

1. Cpena MOAyIbHOTO AMHAMHYECKOTO 00yueHus http://moodle.kubsu.ru

2. ba3a y4eOHBIX [IJIaHOB, YU€OHO-METOIMYECKUX KOMIUIEKCOB, ITyOIMKauN 1
KoH(epeHuui http://mschool.kubsu.ru/

3. bubanorexa nHpOpMaIMOHHBIX pecypcoB Kadeapbl HHOPMAILIMOHHBIX
00pa3oBaTenbHBIX TEXHOIOTHH http://mschool.kubsu.ru;

4. DOnektpoHHBIN apxuB qokyMeHTOB KyOI'Y http://docspace.kubsu.ru/




5. DnexkTpoHHble 0Opa3oBaTelbHbIE pecypchl Kadeapbl HHGOPMALMOHHBIX CHCTEM U
TexHonoruii B oopazoBanuu Kyol'Y u nayuno-metoguueckoro xyprana "LLIKOJIBHBIE I'OIbI"
http://icdau.kubsu.ru/

6. MeToanueckne yKazaHus 1Jisl 00y4arOUUXCH M0 OCBOEHUIO TUCUUIIJIMHBI (MO1YJIAA)

Jlexuus siBisieTCs OJHOM U3 (HOPM M3YUEHUS TEOPETUUECKOT0 MaTepualla 1o JUCLUILINHE.
B xoze neKiiMOHHOT0 Kypca IPOBOAMUTCS U3JI0KEHUE COBPEMEHHBIX HAYYHBIX ITOAXO0B U TEOPUM.
B Terpaam Uil KOHCHEKTHpPOBAHUS JEKIMH HEOOXOAMMO HMETh IOJs, TIe MO0 XOAy
KOHCTIEKTUPOBAHHUSI JIEJIAIOTCSI HEOOXOAMMbIE TOMETKH. 3alMCH I0JKHBI OBITh H30UpaTEIbHBIMH,
IIOJIHOCTBIO CIIEAYET 3alUCBIBATH TOJIBKO ONpeZeieHUs. B KOHCIEKTe IPUMEHSIOT COKpAllleHUue
CJIOB, 4YTO YCKOpSieT 3amuch. BOIpoChl, BO3HUKAIOIIME B XOAE JIEKLUHUH, PEKOMEHIYETCs
3allUCBhIBATh HA IMOJIAIX M IIOCIE€ OKOHYAHUS JIEKIMH OOpaTUThCS 3a pa3bsICHEHHEM K
npenojaBatento. Heo6XoauMo akTUBHO paboOTaTh C KOHCIEKTOM JICKIMH: IOCIE€ OKOHYAHUS
JIEKLIMU PEKOMEHYETCs IIEPEYUTATh CBOU 3aIIMCH, BHECTH IIONIPABKU U JONOJHEHUS.

OnHUM U3 OCHOBHBIX BUJIOB JICSITEIBHOCTH CTYJCHTA SIBISIETCS CAaMOCTOSATENbHAs paboTa,
KOTOpas BKJIIOYAET B ce0sl M3yueHHeE JIEKIIMOHHOIO MaTepuala, y4eOHUKOB U y4eOHbIX TOCOOUH,
HOJTOTOBKH K BBITTOJIHEHHIO JIAOOPATOPHBIX PadOT U OPOPMIICHHIO TEXHHYECKUX OTUETOB 110 HUM,
a TaK)Ke MOJArOTOBKH K IIPAKTUYECKHUM 3aHATUAM M3Y4YCHHEM KPAaTKOM TEOpUH B 3aJaYHUKAX U
peLIEeHUN JOMAIIHUX 3aJaHUN.

MeTtoauka caMOCTOSITEIbHON pabOThI IPEIBAPUTENIBHO Pa3bACHIETCS MIPEnoiaBaTesieM U
B TOCIICAYIONIEM MOXET YTOYHSATHCSA C YYETOM HWHAWBUIYAIbHBIX OCOOCHHOCTEH CTYJCHTOB.
Bpemst 1 Mecto caMocTOsTENbHON paOOThI BBIOUPAIOTCS CTYJEHTAaMHU IO CBOEMY YCMOTpPEHUIO
IUITaHUPOBAHHUE BPEMEHU Ha CAMOCTOATENBHYIO padoTy, HEOOXOAUMOT0 Ha U3YUYEHHE HACTOSIIEH
JUCLMIUIMHBL, CTyAEHTaM JIydlle BCEro OCYIIECTBJIATH PAaBHOMEPHO Ha BEChb CEMECTD,
IIpelyCMaTpuBas IPHU TOM PETYJIIPHOE NOBTOPEHHE ITPOHJIEHHOIO MaTepUaa.

CaMocTosTenbHYI0 padoTy HaJ AMCLUIIIIMHON ClieAyeT HAUMHATh C U3yUEHUs IPOrpaMMBbl,
KOTOpasi COJEpPKUT OCHOBHBIE TpeOOBAaHUS K 3HAHUSAM, YMEHUSM M HaBbIKAM OO0Yy4YaeMBbIX.
O06s13aTeNbHO ClielyeT BCHOMHUTh PEKOMEH/IalliU [TPernojaBaTelis, JaHHbIE B X0/1€ YCTAHOBOYHBIX
3aHATHHA. 3aTeM ClleqyeT NPUCTYNaTh K HM3YYEHHMIO OTAEIBHBIX pa3/iejoB U TEM B IOPSIKE,
IIPEAYCMOTPEHHOM IIPOTPAMMOM.

[lonyunB mnpencraBieHue 00 OCHOBHOM COJEpXKAHUU pasjeia, TEeMbl, HE00XOAUMO
U3Y4YUTh MaTepual MO TeMe, U3JIO0XKEHHbIH B yueOHHKe. llerecooOpa3Ho cocTaBUTh KpaTKUil
KOHCIIEKT WJIM CXEMY, OTOOPaKaroIly0 CMBICT U CBSI3U OCHOBHBIX MOHATHI JAHHOTO pasjena u
BKJIIOUEHHBIX B HEro TeMm (win Oosiee MPOAYKTHUBHO — JIOMOJHUTH KOHCIEKT JIEKIHH).
OO0s3arenbHO CleqyeT 3alUChiBaTh BO3ZHHUKIIKME BONPOCHI, Ha KOTOpPbIE HE YAAJIOCh OTBETUTh
CaMOCTOSITEIIBHO.

Heo6x0a1M0 U3y4uTh CIMCOK PEKOMEHJOBAHHOW JINTEPATYphl U YOeIUThCS B €€ HATUUUU
B JINYHOM IIOJIb30BAaHUU WJIM B MOJpa3/esIeHUus X OMOIMOTEKH B OyMa)XHOM WJIM JIEKTPOHHOM
Buzie. BClo OCHOBHYIO y4eOHYIO JIMTEpaTypy *KelaTeIbHO M3y4yaTh C COCTABICHHEM KOHCIIEKTA.
UreHue nuTeparypsl, HE CONPOBOXKAAEMOE KOHCIIEKTHPOBAHHEM, MO pe3yiapTaTuBHO. Llens
HaMMCaHUs KOHCIIEKTA 110 AUCHUILIUHE — C(OPMHUPOBATH HABBIKM 110 TMIOMCKY, OTOOPY, aHATIHU3Y U
(bopMyJIMpPOBaHUIO Y4eOHOTO MaTepuaia. DTU HaBbIKU 00s3aTeNIbHBI [ JIF000TO CHEeHaNucTa C
BBICHIMM OOpa30BaHMEM HE3aBUCHUMO OT BBIOpPAaHHOIO HampaBieHus. Hamucanue KOHCIEKTa
JIOJI’KHO OBITh TBOPUECKUM — HY’KHO HE IIEPENUCHIBATh TEKCT U3 HCTOUHUKOB, HO MBITAThCS KPATKO
U3JIaraTb CBOMMH CJIOBAMM COJEpP)KAHUE OTBETA, NP 3TOM MAKCUMAJIBHO €r0 CTPYKTYPUPYs U
UCIIOJIB3YSl CUMBOJIBI U yCIIOBHBIE 0003HaueHus (B ’ToM Bam noMoryT Bonpochl, BBIHOCUMbIE Ha
3a4€THOE TECTUPOBaHUE M 3k3aMeH). KomnmpoBaHue M 3aydyuBaHHE HEOCMBICIEHHOI'O TEKCTa
TPYIOEMKO U TI0 OOJIBIIIOMY CUETy HE MMEET MO3HABATEIIbHOW M MPAKTUYECKON 1eHHoCTH. [Ipn
paboTe Hax KOHCIIEKTOM 00s3aTelbHO BBIABISAIOTCS M OTMEYAIOTCA TPYyJAHBIE JUIs
CaMOCTOSITEJIbHOTO U3YUYEHHS BOIIPOCHI, C KOTOPHIMH YMECTHO OOPATUTHCS K MPEIN0IaBaTeNIo IPU
HOCEIIEHUH 3aHATUH U KOHCYJIbTalUi, 1100 B MHANBUAYANbHOM nopske. [Ipu uyrenun yue6HOM



U HAay4yHOHW JMTepaTypbl HEOOXOAMMO BCErja CIEAWTh 332 TOYHBIM M HOJHBIM IOHMMAaHUEM
3HAUEHUs TEPMHUHOB U COJIEP>KaHUs IIOHATUH, UCIIOJIb3YEMBIX B TEKCTE. Beeraa ciieyer yrouHsaTh
3HAYEHUS 10 CJIOBAPSAM WJIM SHIMKIIONEIUSIM, IPU HEOOXOIMMOCTH 3alUChIBATh.

ComnpoBokIeHHE CaMOCTOSTENFHONW pabOTHl CTYIEHTOB MOXET ObITh OpPraHU30BaHO B
cleyoumx Gopmax:

— COCTaBJICHUEM HHJIWBUAYAIBHBIX IUIAHOB CAMOCTOSITENBHONW pabOThl KaXIoro u3
CTYZCHTOB C YKa3aHMEM TE€MbI U BUJIOB 3aHATUN, (OPM U CPOKOB IIPECTABICHUS PE3YIbTATOB;

— IPOBEJCHUEM KOHCYJIbTAUUN (MHAMBHUAYAJIbHBIX WJIM TPYIIOBBIX), B TOM YHCIE C
IPUMEHEHHUEM IUCTAHLIMOHHON Cpe/ibl 00yUYEeHHU.

Kputepuii onieHk# 3()(heKTUBHOCTH CaMOCTOSATEIBHON padOThI CTYIEHTOB (hOpMHpYyETCS B
X0JI€ IPOMEKYTOYHOI0 KOHTPOJIS IPOLECCA BBIITOJIHEHUS 3aJaHUI U OCYILECTBIISIETCA Ha OCHOBE
pa3IMYHBIX CIIOCOOOB B3aMMOJACUCTBUS B OTKPHITOH MH(POPMALMOHHOW Cpelie U OTpa)kaeTcs B
nporecce GOpMHUPOBAHUS TAK HA3bIBAEMOI'0 «3JIEKTPOHHOIO OPTHENS CTYyICHTa».

B cooTBeTCTBUM C 3TUM IIPU IPOBEAECHUH OIIEPATUBHOI'O KOHTPOJIS MOTYT UCIIOJIb30BaThCS
KOHTPOJIBHBIE BOIIPOCHI K COOTBETCTBYIOIIMM pa3[elaM OCHOBHOM AMCLMILIMHBI «ATOMHas U
srepHas PU3NKay.

KoHnTpons ocymecTBisgercs NOCPEACTBOM TECTHPOBAHMS CTYIEHTOB II0 OKOHYAHHUH
U3yUYeHHs TeM Y4eOHON AMCIUIUTNHBI M BBIIOJIHEHHUS MMChbMEHHBIX KOHTPOJIBHBIX padoT.

CorpoBOXXJIeHIE CaMOCTOSATEIBHON PaObOThI CTYJEHTOB TAKXKE OPraHM30BAHO B CIIEIYHOILUX
dopmax:

— BBIIIOJIHEHHE CEMECTPOBOM KOHTPOJIBHOM padOThI 110 MHAMBHYaJIbHBIM BapHaHTaM;

— YCBOEHHE, JOTIOJIHEHNE U BHUKAHUE B pa30upaeMble pa3eiibl AUCHUIUIMHBI TPU IOMOIIH
3HAaHUH, TIOJIYYaeMBbIX I10 CPEICTBAM U3YUYECHHS PEKOMEHIYEMON JIUTEPATYphl U OCYLIECTBIIIEMOE
IyTeM Hanucanus pedepaTuBHbIX padoT;

— KOHCYJbTallMM, OPraHU30BaHHBIC Ui pPa3bsCHEHUS MPOOJEMHBIX MOMEHTOB IpHU
CaMOCTOSITEJIbHOM M3YYEHHMU TeX WJIM MHBIX aCHeKTOB pa3lesioB ycBauBaeMoW MH(opManuu B
JTUCIUILIIHE.

K cpencrBam oOecrieueHHst OCBOSHUS TUCHMILIMHBI « ATOMHAs U sifiepHast pu3nka» Takke
OTHOCHTCSI DJIEKTPOHHBIN BapUaHT y4yeOHOIo MocoOus 1Mo JaHHOW JHMCUUIUIMHE, BKIIOYAIOIUN B
ceOst:

— JIGKIIMOHHBINA KypC TUCLUIUINHBI « ATOMHAA U sifiepHas Gu3uKay;

— KOHTPOJIbHBIE BOMIPOCHI [0 KAXKAOMY pa3zieny yueOHON AUCIUIITUHBI;

— CIMCOK 3aJ1a4 110 KaX/I0My pa3ziesly y4eOHOM TUCIUIUINHBI.

K cpencrBam obOecrieueHHst OCBOCHUSI TUCIMIUIMHBI « ATOMHas U sifiepHast pu3nka» Taroke
OTHOCSITCS DJIEKTPOHHBIE BAPUAHTHI JOIOJIHUTEIbHBIX YUEOHBIX, HAYUHO-TIOMYJIIPHBIX U HAYYHBIX
U3JIaHUM 110 JAHHOW ITHUCLHUILINHE.

K mnpaktuyeckuMm 3aHATHAM HEOOXOIHMMO TOTOBHUTCS IpEABAPUTENIBHOIO, 1O Hayaia
3aHATUsA. HeoOXoauMo O3HAaKOMHTCS € KpaTKoOM Teopueil B peKOMEHIOBAaHHOM 3aJ[auHUKE 10
COOTBETCTBYIOILIEH TeMe U NpopadoTaTh MPUMEPbl PEUIeHUH pa300paHHBIX B 3aJaUHHUKE
yopaxHEeHU. BxoJae NMOAroTOBKM, TakK K€ CIEAyeT BECTH KOHCIIEKTMPOBAaHHUE, a BO3HUKILINE
BONPOCHl 3aJaTh BEIylIEMYy IPENOJaBaTeNl0 B Hadajlle MPAKTUYECKOTrO 3aHsATHS WU B
KOHCYJIbTAIIMOHHOHU (opMme.

K naGopaTopHbiM paboTam ciaenyeT HOArOTOBUTHCS MPEBAPUTEIHHO, 03HAKOMUBIIUCH C
KpaTkol, HO crHenuduyeckold Teopueil, pa3MElIeHHON B COOTBETCTBYIOLICH METOJHUKE.
PexoMeHyeTcss 03HAKOMUTBHCSA 3apaHee U ¢ METOAMYECKUMHU PEKOMEHAAIMSIMU IO IPOBECHUIO
COOTBETCTBYIOLIEH J1aboparopHoil  paboTBl, M B cly4ae HEOOXOJUMOCTH IPOBECTH
Ipe/IBapUTENIbHbIE PACUETHI.

B ocBoeHuu IuCHUIUIMHBI MHBAJIUAAMH U JULAMH C OFPAaHUYEHHBIMU BO3MOXHOCTSAMU
3/10pOBbsl OOJIBIIOE 3HAYEHHE KMEET HHJAMBHUyallbHas ydeOHas paboTa (KOHCYJIbTallUU) —
JIOMIOJTHUTEIBHOE pa3bsiCHEHUE yueOHOro Marepuaa.

WnnuBuayanbHble KOHCYJbTAllMM 10 TPEAMETY SBISIOTCS BaXXHBIM  (PaKTOpoOM,
CHOCOOCTBYIOUIMM MHIMBUAYAIN3alUN 00yUeHHs] U YCTaHOBJICHUIO BOCIIMTATENILHOIO KOHTaKTa



MCXKAY MNOpe€rnoJaBaTcii€eM H O6yLIaIOH_II/IMCH HHBAJIMAOM HWJIHA JIMOOM C OI'PaHUYCHHBIMU

BO3MOJXHOCTIAMHU 310POBbA.

7. MaTepuajibHO-TeXHHYECKOe o0ecneyeHre Mo TUCHHIUTHHE (MOTYJII0)

HaunmeHoBaHue crienMaIbHBIX
MMOMeNIeHU I

OCHAIIEHHOCTDH CIIEIHATLHBIX
MOMEILEHUH

[lepeueHb TUIIEH3MOHHOTO
MIPOrPaMMHOTO O0eCTIeUeHHUs

VYueOHble ayJMTOPHU JUIst
MPOBE/ICHNUS 3aHATHH JIEKIHOHHOTO

tuna (ayn. 205c, 209¢ )

MebGenb: yueOHas MeOelb
Texunveckue cpeacTBa 00yUeHUs:
JlekunonHas ayauTOpHS,
OCHAIIICHHAs MPE3CHTAMOHHOM
TEeXHHKOW  (IPOEKTOp,  JKpaH,
KOMIBIOTEP/HOYTOYK) u
COOTBETCTBYIOIIUM IIPOTPaMMHBIM

obecrieuennem (I10), a Takxke
JIOCTaTOYHBIM KOJINYECTBOM
mocamounbix  MecT:  Ne  209c

(mpoextop EPSON EB-1776W),
Ne 205¢ (mpoexktop SANYO PLC-
SW20A).

1. OnmnepamuonHas cucreMa MS
Windows (© Microsoft Corp.).

2. HnrerpupoBanHoe oducHOE
npwiokeane MS  Office (O
Microsoft Corporation).

3. IIporpammHOE OOecIieueHue st
OpPTaHHM3alMd  YIPaBISIEMOTO H|
6e3omacHoro gocryna B MIHTEpHET.
4. IlporpammHOe o0ecriedeHne s
6e3omnacHoi paboTsI Ha
KOMIIbIOTEpE - (haiinoBeiii
AHTUBUPYC, TOYTOBBI AHTUBHPYC,
Be0-aHTUBHPYC U CETEBOM IKpaH.

5. Cucrema KOMIIBIOTEPHOH
MaTeMaTUKU MATHCAD c
HEOOXOANMBIMH MaKeTaMH
pacIIupeHui © Parametric
Technology Corporation).

6. Cucrema KOMITBIOTEPHOMN
marematnkn MATLAB + SIMULINK
¢ HeoOxomumbMu Tyst00kcamu (© The
MathWorks).

VYueOHble JUIst
NPOBEIECHUS 3aHATUN
CEMHHAPCKOT0 THIIA, TPYIMIIOBBIX U
WHAWBUIYaTbHBIX  KOHCYJIbTAIIHA,
TEKYIIEeTo KOHTPOJIS u
TIPOMEXKYTOTHOM aTTecTaluu
(aym._205c, 206¢, 207¢, 209¢ )

ayIUTOpUHU

Meoberb: yueOHas MeOeb
TexHUYeCKHe CpeacTBa 00y YEHHS:

AymiTopusi  OCHAIlleHHas TpeMs
MEJIOBBIMH ~ WJIM  MapKepHBIMH
JOCKaMH, MIPe3eHTAIMOHHON
TEeXHHKOW  (IPOEKTOp,  JKpaH,
KOMIBIOTEP/HOYTOYK) u

COOTBCTCTBYIOIIIUM IIPOrpaMMHBIM

obecrieuennem (I10), a Takxke
JIOCTATOYHBIM KOJIMYECTBOM
mocagouHelx  MecT: Ne  209c

(mpoextop EPSON EB-1776W),
Ne 205¢ (mpoexkrop SANYO PLC-
SW20A).

1. OnmnepamuonHas cucreMa MS
Windows (© Microsoft Corp.).

2. HnrerpupoBanHoe oducHOE
npuwioxkeane  MS  Office (O
Microsoft Corporation).

3. IIporpammHOE OOecIieueHue st
OpPTaHM3alMH  YIPaBISEMOTO M|
6e3omacHoro nocryna B IHTEpHET.
4. IlporpammHOe o0ecriedeHne s
Ge3omacHO’ paboThl Ha
KOMIBIOTEpE - (haitmoBBIH
AQHTUBUPYC, MOYTOBBIH AHTHUBHPYC,
Be0-aHTUBHPYC U CETEBOM IKpaH.

5. Cucrema KOMIBIOTEpHOH
MaTeMaTUKH MATHCAD c
HEOOXOANMBIMH MaKeTaMH
pacmmpeHuit (© Parametric
Technology Corporation).

6. Cucrema KOMITBIOTEPHON
Marematuku MATLAB + SIMULINK
¢ HeoOxomumbMu Tyi100kcamu (© The
MathWorks).

VueGHbIe ayAUTOPHA TUTSt
MpOBe/IeHUs TabopaTOPHBIX PaboT.
Jlabopatopust 205¢

Mebenn: yaebHas medenb
TexHuveckue cpeacTBa 00yUeHUsL:
JlaGopatopusi, yKOMITJIEKTOBaHHAasI
CICIMATM3UPOBAHHON MeOeIbi0 U

TEXHUYECKHUMHU CpeACTBaMu
o0y4eHus u paboTs:
Mpe3eHTal[IOHHON TEXHUKOH
(mpoextop, 9KpaH, KoMIbloTep /
HOYTOYK) H  COOTBETCTBYIOIUM
MIPOTPaMMHBIM obecrieueHrEM

1. OmnepammonHas cucrema MS
Windows (© Microsoft Corp.).

2. WnrerpupoBanHoe oducHOe
npunoxkeane  MS  Office (©
Microsoft Corporation).

3. IIporpammHOE OOecrieueHue s
OpTaHM3alMi  YIPaBISIEMOTO |
Oe3omacHoro nocryna B VlHTepHET.
4. TlporpammMHOe oOecriedeHre s
Oe3omacHOH paboTs Ha
KOMITBIOTEpE - (arinoBbIit




(ITO), a TakKe OCTaTOYHBIM
KOJIMYECTBOM ITOCAJOYHBIX MECT:
Ne 205¢ (mpoekxtop SANYO PLC-
SW20A).

AQHTHBHPYC, TOYTOBBI aHTHBHUPYC,
BeO-aHTHUBHUPYC U CETEBOI IKpaH.

5. Cucrema KOMIBIOTEPHON
MaTeMaTUKH MATHCAD c
HE00XOJUMBIMU HaKeTaMH
pacIIupeHu (© Parametric
Technology Corporation).

6. Cucrema KOMITBIOTEPHOM
maremarriku MATLAB + SIMULINK
¢ HeoOXomMbIMU TyJ100kcamu (© The
MathWorks).

VYueOHble ayJIUTOPHN U
KypCOBOT'O MPOCKTHPOBAHHS
(BBITIOTHEHHUST KyPCOBEIX padoT)

Mebenb: yaeOHas MmeOenb
TexHUYECKUE CpeCcTBA OOYUCHUSL:
JlaGoparopusi, YKOMIUICKTOBAaHHAsI
CHETMaTN3UPOBAHHON MeOeThio U

TEXHUYECKHUMHU CpeacTBaMu
oOyueHms u paboTsr:
MpEe3eHTAIMOHHOU TEXHUKOM
(npoexkTop, 9KpaH, KOMIbIOTEp /
HOYTOYK) U  COOTBETCTBYIOLIMM
MPOTPaMMHBIM obecrieueHreM
(ITO), a TakKe JOCTATOYHBIM

KOJINYECTBOM TIOCAJJOYHBIX MECT:
Ne 205¢ (mpoextop SANYO PLC-
SW20A).

1. OmnepaunuonHas cucremMa MS
Windows (© Microsoft Corp.).

2. HWHaTerpmpoBaHHOEe  OQHUCHOE
npuwioxeane MS  Office (©
Microsoft Corporation).

3. IIporpammHOe obecriedeHue amst
OpraHusanuu yapaBJjisi€eMoro u
6e3omnacHoro nocryna B IHTEepHeT.
4. TIporpaMMHOe oOecrieueHue st
6e3omacHOi paboTsl Ha
KOMIIBIOTEpE - (haiinoBeIi
AQHTUBUPYC, MOYTOBHIH aHTHBHPYC,
BeO-aHTUBHUPYC U CETEBOI IKpaH.

5. Cucrema KOMIBIOTEPHOU
MAaTeMaTUKH MATHCAD c
HEOOXOANMBIMH MaKeTaMH

pacuIupeHui (© Parametric
Technology Corporation).

6. Cucrema KOMITBIOTEPHOM
maremarriku MATLAB + SIMULINK
¢ HeoOXomMbIMU TyJ100kcamu (© The
MathWorks).

Jis  camocToATenbHOW  pabOThl  OOy4arOHmIMXCsS  MPEAYCMOTPEHbl  [OMEIIEHHS,
YKOMIUIEKTOBAaHHbIE CHEIMAIM3UPOBAHHON MeOeNblo, OCHAIIEHHbIE KOMIIBIOTEPHON TEXHUKOH ¢
BO3MOXKHOCTBIO MOAKIIOUEHUs K ceTu «VHTepHeT» u obecrneyeHrueM AO0CTYyNa B 3JIEKTPOHHYIO

UH(GOPMAIIMOHHO-00Pa30BaATEIBHYIO CPEy YHUBEPCUTETA.

HanMmeHoBanue moMenieHun it
CaMOCTOSTEIIEHOW Pa0OTHI

OcHaleHHOCTh TOMEIEeHUH JUIst
CaMOCTOSITENILHOM PabOTHI

Hepequ}, JIMICH3UOHHOT'O
MMporpaMMHOTO obecrneueHus

TexHojoruu Wi-Fi)

oOyyJarommxcst oOyyaromuxcst

[Momemenne s camocToATenbHOM | Mebenb: yueOHas meOenb 1. OnmnepamnuonHas cucreMa MS

pabots! oOyqatomuxcs (auranpHbii | Kommiekr  cnenmanusuposanuoit | Windows (© Microsoft Corp.).

3an Hayuwnoii 6ubmmorexn) MeOemH: KOMIBIOTEPHBIE CTOIBI 2. HWHaTrerpmpoBaHHOEe  OQHUCHOE
Ob6opynoBanue: KoMmmbloTepHas | mpuioxxkeane MS — Office  (©
TeXHWKa C TmoakmodeHneM K | Microsoft Corporation).
HHPOPMALNOHHO- 3. IIporpammHOe obecriedeHue amst
KOMMYHHUKAIIMOHHOH CeTH | OpraHM3alMM  YIPAaBIAEMOIO U
«HTepHeT» WM mocTynmoM B | Oe3omacHoro joctyna B MHTepHeT.
9JIEKTPOHHYI0  HH(popMaruonHo- | 4. [IporpammHoe obecrnieueHue s
00pa30BaTEIEHYIO cpeny | Ge3omacHOi paboTHI Ha
0o0pa3zoBaTeNbHOM  OpraHu3alnyy, | KOMIBbIOTEPE - (haiinoBeIi
BeO-KaMephl, KOMMYHHMKAlMOHHOE | aHTUBHPYC, MOYTOBBIH aHTHBHPYC,
obopynoBaHue, oOecreunBaiomiee | BeO-aHTHBHPYC U CETEBOH IKpaH.
JOCTyIl K ceTd HUHTEpHET | 5. Cucrema KOMIBIOTEPHOU
(poBogHOE COCJIMHEHHE U | MaTeMaTUKU MATHCAD c
OecrpoBOIHOE  COEIWHEHHWE 110 | HeOOXOIMMBIMH MaKkeTaMu

pacuIupeHui (© Parametric
Technology Corporation).




6. Cucrema KOMITBIOTEPHON
Marematuku MATLAB + SIMULINK
¢ HeoOxomumbMu Tyi100kcamu (© The
MathWorks).

TTomemnieHue It CaMOCTOSTEILHOM
paboTsl oOyJaromuxcs
(aym._205C )

Mebenn: yaebHas medenb
KoMmmnekr  cnenuann3upoBaHHOU
MeOeJn: KOMITBIOTEPHBIE CTOJIBI
O6opynoBaHue: KOMIIBIOTEPHAs
TEXHHKaA C IIOAKJIKOYCHUEM K
nH(pOopManMOHHO-
KOMMYHHKAIIMOHHOH
«uTepHeT» W JOCTYIOM B
JNIEKTPOHHYI0  HH(OPMAIMOHHO-
00pa3oBaTeNbHY IO cpeny
00pa3oBaTeNbHOM  OpraHU3alnH,
Be0-KaMephl, KOMMYHHKAI[HOHHOE
obopynoBaHne, oOecIeynBaromIIee
J0CTyI K CEeTHU HUHTEPHET
(mpoBogHOE COEMHEHUE u
0OCCIIPOBOIHOE  COCAMHCHHE IO
texHoioruu Wi-Fi)

CCTHU

1. OmnepammonHas cucrema MS
Windows (© Microsoft Corp.).

2. WnrerpupoBanHoe oducHOe
npuinoxkeane  MS  Office (O
Microsoft Corporation).

3. IIporpammHOE OOecrieueHue s
OpTaHM3ali  YIpaBISIEMOTO |
6e3omacHoro nocryna B MIHTEpHET.
4. TlporpammMHOe oOecriedeHre IS
Oe3ormacHOMH paboTsI Ha
KOMIBIOTEpE - (hattmoBBIH
AQHTUBHUPYC, MOYTOBBIH AHTHBHPYC,
Be0-aHTHBHPYC U CETEBON IKpaH.

5. Cucrema KOMIBIOTEpHOH
MaTeMaTUKU MATHCAD c
HEOOXOAUMBIMH MaKeTaMu
pacmmpeHuit (© Parametric
Technology Corporation).

6. Cucrema KOMITBIOTEPHOM
Marematuku MATLAB + SIMULINK
¢ HeoOxomuMbMu Tys100kcamu (© The
MathWorks).




