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PA3JIEJ 9.
®N3NKA ATOMHOTO SIIPA
W DJIEMEHTAPHBIX YACTHII

9.1. CTPOEHUE ATOMHBIX AJAEP

OcHoBHbIe GpopMyJibl

— Slnpo obo3HavaeTcsi TeM K€ CHMBOJIOM, YTO U HEHTpaNbHBINA
aToM:

2¢
rae X — CHMBOJI XUMUYECKOIO 3JIEMEHTA;

Z — 3apsAn0BOe YUCIIO (ATOMHBIN HOMEp, YHCIIO POTOHOB B SIZIPE);

A — MaccoBoe YuCNo (YUCIIO HYKJIOHOB B SIIPE).

Uwncno N HEUTPOHOB B sipe PaBHO Pa3sHOCTH A — Z.

— Panuyc simpa onpenensiercss COOTHOIIEHHUEM

—_—
rae #o— KO3pPUIUEHT MpONOPIHOHAIBHOCTH, KOTOPBI MOJKHO CUUTATH
IUIS BCEX s11eP NMOCTOSIHHBIM M PABHBIM 1,4-10715 M.

9.1.1. IIpuMeper! pemieHus 32124

Hpumep 1. «Bogopon oborammen aeiirepueM. OnpenenuTb Macco-
BbIE€ JIONIM ()1 MPOTUS U (O, AEHTEPUsi, €CIU OTHOCUTENIbHAsi aTOMHAas
Macca Ar TaKOTO BOJOPOIa OKa3ajgachk paBHoit 1,122,

Pemenune. Maccosble 10U 7 IPOTUSA U () AEHTEPUS MOXKHO BbI-
Pa3suTh COOTHOLIECHUSIMHU

o1 = my(my + my);

m,

Oy =—"—,
m, +m,
T7A€ M1 U N1z — MAcCChl COOTBETCTBEHHO MPOTHS U JEHTEPHUsI B CMECH.
BripasuM u3 3TUX paBEHCTB MACChI 7171 U M1y
M1 = 0)1(7’)11 + mz);
M2 = 0)2(7’)11 + mz),
H IMOACTaBHM HUX B 3HAMCHATECIIb (1)OpMy.]'IbI, onpenensﬁomeﬁ MOJIAPHYIO
Maccy M cmecu:

Ao
ey
M, M,

rae M, u M, — MOJsIpHBIE MacCChl KOMITOHEHTOB CMECH.
4



ITocne Takoi MOACTAHOBKH U MPOCTHIX MPE0Opa3OBAHMNA TOTYUNM:
_ MM, 1)
oM, +o,M,
Tak xak MOJIsIpHbIE MacChbl IPOTHUS U AeNTepus NPONOPLHUOHATIbHbI
UX OTHOCHUTEJBHBIM aTOMHBIM Maccam, TO paBeHCTBO (1) MOXKHO mepe-
nucaTh B BUJE
R 2)
(DIAVZ + (DZArl
rne A, 1 Ay, — OTHOCUTENbHBIE ATOMHBIE MacChl COOTBETCTBEHHO IPO-
TUS U OAEUTEPUsL.
3aMeTHM Janee, YTO CyMMa MacCOBBIX J10JIeM BCEX KOMIIOHEHTOB
JOJI’KHA OBITH paBHA €IUHULIE, T.C.

M=

M1 + 0y = 1. (3)
Pemue coBmecTHO paBeHcTBa (2) u (3), Halinem
_ ArlArZ — ArArl . (4)

0, = ;
Ar(ArZ - Arl)
ArlArZ — ArArZ

0, =—--r-—""=
Ar(Arl - Ar2)

Us tabmuu: 4,1 = 1,00783, A,, =2,01410.

[ToncTaBuB UnCIOBBIE 3HAUECHUS BeNU4MH B (4) u (5), moaydum
o1 =0,796; w, = 0,204». [https://f bstu.ru]

)

. C
Mpumep 2. «Onpenenuts OTHOIIEHUE CEUEHUIT —- SIIEP BUCMYTa

2
2’Bi u amomunus ;; Al .

Pemenne. bygeM paccmaTpuBaTh sAPO Kak wwap paguycom . To-
r7a oAb €ro MOMepevyHOro CeYeHUs (CEUeHUs siapa) MOXKET OBbITh
HalieHa o gopmysie

6=’

Pannyc sinpa 3aBUCHT OT YMClIa HYKJIOHOB B sipe (MacCOBOTO YHC-

na A) v onpenensieTcsi COOTHOIEHUEM
1

r=nA?,
rae 7o — Ko3(pPUIHEHT MPOTIOPLHUOHATBHOCTH, MPAKTHYECKH OJUHAKO-
BBbIN JJ151 BCeX saep. Toraa



2
, 2
c=mr A,
HCHOJ’IBSY;I 3TO BBIPAXKECHUE, HaﬁHeM CCUCHUA G U O AA€P BUCMYTa

U AJIIOMHUHUS C MAaCCOBBIMU yuciaamu A, u Ay:
2

, 2

G, =T A
2

= T/, A3

OTHOLHeHI/Ie CEYEHUI HalAeM pa3fesiuB G Ha Gy:
2

Gl _ Al ’

o, (4,

CnenaB moACTaHOBKY 4YMCIOBBIX 3HadeHHMH (A1 =209 u A4, =27),
MOJIY9UM

- 3,91». [https://f bstu.ru]
02

Tpumep 3. «Snpo HenTyHus ., Np 3aXBaTHJIO 3JI€KTPOH u3 K-

obonmoukn aroma (K-3axBaT) W HCIYCTHJIO O-4acTHLy. Snpo kakoro
3JIEMEHTA MOJIYYHJIOCh B PE3YJIBTATE STUX NPEBPAILEHHI?

Pemenne. Ilpu K-3axBare u3 Omkadmed K SAPY 3JIEKTPOHHOU
obonouku (K-000JI04KH) aTOMa 3JIEKTPOH 3axBaThIBaeTCs SaApoM. B pe-
3yJbTaTe 3TOTO MPOTOH B siApEe MpeBpamaercs B HEWTpoH (mpu K-
3axBaTe U3 sApa BbIOPACHIBAETCS HEUTPHHO, OJHAKO ISl PELICHUs 1aH-
HOW 3a7a4u 3TO CYLIECTBEHHOU posik He urpaet). Obmiee YUCIO HYKIIO-
HOB B SIIp€ HE U3MEHSETCS, a 3aPsI0BOE YUCIIO YMEHBIIUTCS HAa €IUHH-
y. [Toatomy mpomexxyTodHoe siapo OyaeT UMeTh 3apsaoBOe YUCIO 93 —

1 =92; maccoBoe umucio ocraHercss npexauMm —234. Ilo Ttabnuie
J.1. Menpaeneesa onpenensieM, 4TO NPOMEXKYTOUHBIM SIAPOM SIBJIIETCA
u30TOM ypaHa ., U .

[IpoMexxyTo4HOE SAPO MCIMYCTHIIO (-4acTULy. Tak Kak 0o-4acThLa

(smpo aTOMa M30TOMA TeNHs ;‘He) COAEP>KUT ABa MPOTOHA U JIBA HEM-
TPOHa, TO MPOMEKYTOUHOE SAPO . U TIPH aKTe HCIyCKaHWs -
YaCTHULbl YMEHBLIUT 3apsiA0BOE YMUCJIO HA ABE €IWHHIBI U MacCOBOE

4HCNO HA YeThipe equHMIBL TakuM 00pasoM, KOHEYHOE SpO OyaeT
ZOThy.

umets Z =90 u 4 =230, 4TO COOTBETCTBYET H30TOIy TOPHUS

6



[http://ww.lektsii.com]

9.1.2. Bonnpochl U 327244 JJIs1 CAMOCTOSITEJIBHOTO PelIeHUs!
Macca siapa
40.1. «3Has nocTtosiHHY0 ABoraapo N, , ONpenenuTb Maccy Hig,

HeHTpanbHOTo atoMa yriaepoga ~C U Maccy 71, COOTBETCTBYIOLIYIO yT-

JIEPOAHON €ANHHULIE MACChI.

40.2. Yem OTIHUYAIOTCSA MAaCCOBOE YHCJIO OT OTHOCUTEJIBHON MacChl
siapa?

40.3. Xnop mpencrapisier co0Oil cMeCh IBYX U30TOIOB C OTHOCH-
TEJNbHBIMU ATOMHBIMH MaccamMu A,; = 34,969 u A,, =36,966. Brorumuc-
JIUTh OTHOCHUTEJIbHYIO aTOMHYIO MacCy A, XJIopa, eCll MacCOBbIE JOJIU
®] U 2 EPBOr0 U BTOPOTO M30TOMNOB COOTBETCTBEHHO paBHbI 0,754 u
0,246.

40.4. bop npencrasyisier cobol CMECh NBYX H30TOIMOB C OTHOCH-
TEeJbHBIMH aTOMHBIMU Maccamu A,; = 10,013 u A4,, =11,009. Onpene-
JIUTh MACCOBBIC JIOJIU (O] U Mz TEPBOTO U BTOPOTO M30TOIOB B €CTECT-
BeHHOM Oope. OTHOCcHTeNnbHAs aToMHast Macca A, bopa pasHa 10,811,

40.5. Kakyro 4acTb Macchbl HEHTPAJIBHOIO aTOMa IJIYyTOHUSI COCTaB-
JSIET Macca ero 3JeKTPOHHOH 00010uKn?

40.6. OnpenenuTh Maccy sapa JHUTHS, €CJIM Macca HEUTPAJIbHOTO
aToma jutus paBHa 7,01601 a.e.m». [http://ww lektsii.com]

Cocras saapa. Pazmeps! sigpa

40.7. «YKaxuTe, CKOJBKO HYKJIOHOB, MPOTOHOB, HEHTPOHOB CO-
nepxat cnenyromue sapa: 1) JHe; 2) 'B;3) 7 Na;4) J'Fe;5) ' Ag;
6) o U.

40.8. Hanumure cuMBosimdeckrie 0003HAYEHUs siep U30TOMOB BO-
I0pOAa U Ha30BUTE UX.

40.9. YkaxuTe, CKOJBKO CYIIECTBYET M300ap ¢ MaCCOBBIM YHCJIOM
A = 3. Hanumure cCUMBOJIMYECKHEe 0003HAUEHUS SIep.

40.10. Kakue uzotomnsl coaepxar asa HeliTpoHa? Jlaiite cuMBOJIM-
YECKYH0 3aIUCh SAEP.

40.11. OnpenenuTh aTOMHbIE HOMEPA, MAacCCOBbIE UUCIIA U XUMUYe-
CKHME CHMBOJIBI 3€PKAJIBHBIX s[€p, KOTOpbIE MOJYy4YaTCs, €CIH B sapax

He, ]Be, {*O mpoTOHBI 3aMEHUTH HEHTPOHAMH, & HEHTPOHBI — MPO-

7



TOHaMU. [IpuBECTH CUMBOJIMUYECKYIO 3aMUCh MOy YHUBLINXCS SIIEP.

40.12. Onpenenuts auameTphl crenyromux saep: 1) SLi; 2) 7 Al;
3) 5Cu;4) T'Sn;5) {°Po.

40.13. OnpenenuTh KOHLUEHTPALMIO HYKJIOHOB B siIpe.

40.14. OueHNTH, KaKyI0 4acTh OT 00BEMa aToMa KobajbTa COCTaB-
nser 06wbeM ero aapa. IlnotHocTs p kK0GansTa pasua 4,5-10° kr/v’.

40.15. Iloka3aTp, 4TO CpeaHss MJIOTHOCTb <p> SIACPHOrO BELIECTBA
OZIMHAKOBA [T BCeX sinep. OLeHuTh (1Mo MOPSIIKY BEIUYHHBI) €€ 3Hade-
HUE.

40.16. Hcnonp3ys cooTHolieHue Z = A/2, KOTOpOe CHpaBeINBO
1T MHOTHX JIETKUX SIZIEp, ONPEAETINTh CPENHIO OOBEMHYIO TUIOTHOCTD
3apsiaa sapa.

40.17. Jlsa sapa ; B CONM3BWINCH N0 PacCTOSHUS, PABHOTO IHa-

MeTpy siapa. Cunras, YTO Macca U 3apsii pABHOMEPHO pachpeesieHbl 10
o0beMy siipa, ONPENENUTh CHITY /] TPaBUTAIIMOHHOTO MPUTSDKEHUS, CU-
ny F, KyJIOHOBCKOTO OTTaJKWBAHUS U OTHOWIEHUE 3TuX cui (F1/ Fr)».
[http://ww.lektsii.com]

CnvH U MATHUTHBIA MOMEHT siApa

40.18. «KakoBo 3HaueHUe CIIMHA HYKJIOHA (B equHUNIAxX /)7

40.19. Yto Ha3biBaeTcs ciHOM siapa? M3 yero oH ckiaabiBaercs?
40.20. Kakue 3HaueHUs] MOXKET UMETh CITUH siipa (B equHUIax /)7
40.21. Kakue TeopeTH4eCcKr BO3MOKHBIE 3HAYCHHs CIIUHA (B eOU-

HUI@AX /1) MOTYT uMeTh cnemyromue siapa: 1) TH; 2) H; 3) jHe; 4)
THe?

40.22. Kakue 3Ha4eHHs MOKET UMETh CIUH (B €AMHHLAX /1) Clie-
Ayomux siaep: 1) 4eTHO-YeTHBIX, 2) YeTHO-HEUeTHBIX; 3) HEYETHO-
YeTHbBIX; 4) HEYeTHO-HEYETHBIX?

40.23. B nepBOHa4YaIbHON MOJIEIHU s1Ipa MPEANOaarajioch, 4to siapo
COCTOHT U3 MPOTOHOB U 3JIEKTPOHOB. Il0Ka3arh, 4TO 3TO MpPEANOoKe-
HUE HE OTPaB/IbIBAETCSA, HAPUMED JUTsS sipa a30Ta 5 N (a3oTHast Kara-

crpoda). CnuH simpa a3oTta paBeH /2, MPoToHA Y2/ 1 3NIeKTpoHa Y2h
4024, CniuH OeNTpOHA, HAXOIALIETOCsl B OCHOBHOM COCTOSIHHUH,
paBeH /. 3Hasi, YTO CIIMHOBOE KBAHTOBOE YMCJIO NMPOTOHA PABHO Y2, Om-
peneauTb TEOPETUYECKH BO3MOJKHBIE 3HAUEHHUs CIIMHA HEHTpOHa.
40.25. Yto Takoe siiepHbI MarHETOH U Kak OH BbIpaxkaeTcs?



40.26. KaxoBO COOTHOLIEHUE MEXIY SIAEPHBIM MAarHETOHOM U Mar-
HeToHOM bopa?

40.27. Kak BbIpaskaeTcsi MAarHUTHBINH MOMEHT siapa’

40.28. Uem 0OyCNIOBIIEHO CBEPXTOHKOE PACIIEIJICHHE CIEKTPaib-
HBbIX JIMHUNA? B 4eM OTianuue CBEPXTOHKOIO paclleryieHHs OT TOHKO-
ro?». [http://ww.lektsii.com]

Mopeau siapa

40.29. «B uem CcyIHOCTb KareJabHONH MOoJenu sapa’

40.30. Kakue siBneHust OOBSICHSIET KameJbHast MOJENb sapa’

40.31. B yem cymHOCTE 0001049€4HON MOaeH sapa’?

40.32. Kakue siBnenust o0bsicHsIieT 000JI04e"Hast MOIeb siapa?

40.33. MoryT 11 3JeKTpOHBI HaxoauThes B siape? Oteer 000OCHO-
BaTh.

40.34. Kakue simpa Ha3bIBAOTCS MAaru4eCKUMH? OBAXKIAbI Marmye-
ckumu?». [http://ww lektsii.com]

Snepubie cuJbI

40.35. «K kaxkomy TNy B3aMMOAEUCTBUS OTHOCSTCS sI€PHBIE CH-
7b1?

40.36. B yeM nposBisieTC KOPOTKOAECUCTBYIOLIMI XapakTep saep-
HBIX CHJI?

40.37. Yto Takoe 3apsioBas HE3aBUCHMOCTb?

40.38. B ueM nposBISAETCS HELEHTPAIbHBIA XapakTep sACPHBIX
cun?

40.39. YUto o3HauaeT CBONCTBO HACBILIECHUS SIIEPHBIX CUJI?

40.40. Yto Ha3bIBaeTCA BUPTYyaJIbHBIMHU 4aCTHULAMU U KaKyK pOJb
OHHM UTPAOT B OOBSICHEHUU sIIePHBIX cuin?y. [http://ww.lektsii.com]

IIpeBpamenue sigep

40.41. «Snpo pamus ;' Ra BBHIGPOCUIIO 0-4acTHILy (PO aToMa re-

nusi ;He ). Haiitu MmaccoBoe uncno 4 u 3apsaosoe 4ucio Z BHOBb 00pa-
3oBaserocs siapa. [lo Tadmuue J[. 1. Menneneea onpenenuTb, KAKOMY
AJIEMEHTY 3TO SIAPO COOTBETCTBYET.

40.42. Snpo asora ;' N 3axBaTUIO 0-YaCTHILy M MCIYCTHJIO TPO-
ToH. OnpenenuTh MaccoBOe YHCIO A U 3apsAoBOe YUCIO Z 00pa3oBaB-
IIErocsi B pe3yJibTaTe 3TOro MpoLecca sapa. YKa3aTb, KAKOMY JJIEMEHTY
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3TO AP0 COOTBETCTBYET.

40.43. Snpo umHKa o,Zn 3aXBaTHIO JNEKTPOH m3 K-060104uKHM
atoma (K-3axBar). YKa3aTb, B PO KaKOTO 3JIEMEHTa MPEBPaTHUIIOCH
SAOPO LUMHKA (HAIMCaTh XMMUYECKHH CUMBOJI 3JIEMEHTA, MacCOBOE M 3a-
PSIIOBOE YHCIIO).

40.44. Snpo Gepunnust |Be 3axBaTuio 50eKTPoH u3 K-060104KM
atroma. Kakoe sinpo oOpasoBanioch B pe3yibrare K-3axBara’?

40.45. B sape usorona yriepoaa . C OAMH U3 HEHTPOHOB MpeBpa-
tuiicsi B mpoToH (B -pacman). Kakoe sapo mMONydusioch B pe3yibTare
TaKOro MpeBpaleHus?

40.46. [1ga siapa renus ;‘He CJIIJTUCH B OJTHO SIAPO, U TIPU 3TOM OBLIT
BBIOPOIIIEH MPOTOH. YKAXKHUTE, SIIPO KAKOTO 3JIeMEeHTa 00pa3oBajioch B
pe3yJbTaTe TaKOro MpeBpamleHust (IPUBEIUTE CUMBOJIHMUYECKYIO 3aIHCh
Spa).

40.47. B sape u30TONA KPEMHHUs ., Si OJMH U3 TIPOTOHOB TPEBPa-
tuncs B Heiitpon (B’ -pacmanm). Kakoe sapo MONyYMIOCH B pe3ynbTaTe
TaKOro MpeBpaleHus?

40.48. Snpo umHKa . 7Zn 3axBaTMNIO SNEKTPOH U3 K-060JOUKH M

CITyCTsI HEKOTOPOE BPEMsI MCIYyCTUJIO MO3UTPOH. Kakoe snpo momy4u-

JIOCh B pe3yJibTaTe TaKUX MpeBpalieHnii?

40.49. SInpo muyTOHUS ;' Pu MCMBITANO MECTb MOCIEN0BATENbHBIX

a-pacnanos. Hamvcath HENOUKy SIEPHBIX MPEBPAINEHHUM C yKa3aHHEM
XUMHUYCCKUX CHUMBOJIOB, MAaCCOBBIX H 3apsAdO0BbIX YUCCIT IMPOMEXKYTOY-
HBIX AOC€P U KOHCYHOTO sapa.

40.50. TlokouBLIEECS ANPO PATOHA 5. RN BBIOPOCHIIO O-4aCTHILY CO

cKkopocTeio v =16 Mwm/c. B kakoe siapo MpeBpaTUiIOCh SIIPO pagoHa’?
Kakyro ckopocTh V) MOJYYHJIO OHO B pe3yJbTaTe OTHAuU?y.
[http://ww.lektsii.com]

9.2. PAIMOAKTUBHOCTD
OcHoBHbIe GpopMyJibl
«— OCHOBHOI 3aKOH PaIOAKTHBHOTO pacraaa
N=Noe ™,
rae N — 41ucio HepacnaBLINXCsl aTOMOB B MOMEHT BPEMEHH f,
No— 4HMCIO HepacmaBIIUXCS aTOMOB B MOMEHT, NMPUHSTHIA 3a Ha-
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qanpHbIN (1pH f = 0);

€ — OCHOBaHME HATypaJIbHBIX JIOTApH(PMOB,;

A — MIOCTOSTHHASI PAIUOAKTUBHOTO Pacrajia.

— Ilepuon nonypacnana 77, — NIpOMEXYTOK BPEMEHHU, 32 KOTOPbII
YHCJIO HEePAaCMaBIIMXCA aTOMOB YMEHbINAETCS B 1Ba pasa. Ilepuon mo-
Jypacrnaja CBsA3aH ¢ MOCTOSHHON pacnaaa COOTHOLIEHUEM

T In2 _ 0,639
1/2 7\1 7\1

— Yucnno aToMOB, pacnaBLINXCs 38 BpeMs f,

AN =Ny —N=No(1 —e™),

Ecnun npomexyTtok BpemeHH Af << T}/, TO A ONpeNeNeHns Yucia
PacMaBLIMXCSI ATOMOB MOYKHO NIPUMEHSITh MPUONMKEHHYIO (OpMyITy

AN = ANAf.

CpenHee BpeMsi >KM3HU T PaJUOAaKTHUBHOIO siipa — IPOMEXKYTOK
BPEMEHH, 32 KOTOPBIM YUCJIO HEPACHaBIIUXCs s€p YMEHBIIAETCS B €
pas:

T=—.

A

— Yucno ATOMOB, COACPKAIUXCA B PAAUOAKTUBHOM HU30TOIIC!
m

N=2N,,
M

e M — Macca U30TOla,

M — monsipHast Macca U30TOIa,;

N, — nocrosiHHass ABoraapo.

— AKTUBHOCTB A HYKJIIMga B paguOaKTUBHOM HUCTOYHUKE (aKTI/IB-
HOCTh M30TOINA) €CTh BEJIMYMHA, PaBHAs OTHOLIEHUIO uucia dN snep,
pachaBLINXCSl B U30TOIE, K MPOMEXKYTKY BPEMEHH df, 32 KOTOpPOE Tpo-
u301IeN pacnaa. AKTHBHOCTB Onperensercs o gopmyie

4="9N _3n

dt
WM TIOCTIe 3aMeHBI N TI0O OCHOBHOMY 3aKOHY PaJMOAKTHBHOIO pacrana

A=Nge ™.

AKTHUBHOCTb U30TOIA B HAYAJIbHBII MOMEHT BpeMeHH (7 = 0)

Ao = Wo.

AKTHUBHOCTb M30TOINA U3MEHSETCS CO BPEMEHEM IO TOMY XK€ 3aKO-
HY, YTO U YHCJIO HEPACTIABLIMXCS AIep:

A=A ™

11



— MaccoBasi akTUBHOCTb ¢ PaAUOAKTUBHOTO UCTOYHUKA €CTh BEJHU-
YHHA, PaBHAs OTHOIICHHIO €r0 aKTHMBHOCTU A K Macce m 3TOr0 HCTOY-
HHKA, T.€.

a=—.
m

— Ecnm umeercst cMech psa paauoakTHBHBIX M30TOIMOB, 00pasyro-
IIUXCSL OIMH U3 IPYrOro, U €CII MOCTOSIHHAS paciaia A MepBOro YIeHA
psila MHOTO MEHblIIE MOCTOSTHHBIX BCEX OCTAJbHBIX WIEHOB psia, TO B
CMECH YCTaHaBJIMBAETCsl COCTOSIHUE PaAHOaKTUBHOTO PaBHOBECHS, MpPU

KOTOPOM aKTHBHOCTH BCEX YJICHOB Psifia PaBHbI MEKIY COOOI:
MNL =N, = ... = NN, [http://narfu.ru]

9.2.1. IIpuMepe! pemieHus 32124

Hpumep 1. «Onpenenuts HaYaIbHYIO aKTUBHOCTb A PaTHOaKTHB-
HOro Maruusi - Mg maccoii m = 0,2 MKT, a Takxke aKTUBHOCTb A Mo Hc-
TeueHUH BpeMeHHU f = | u. Ilpennonaraercsi, 4T0 BCE aTOMBI H30TONA
pPaslOaKTHUBHBI.

Pemenue. HauanbHasg akTUBHOCTB U30TONA

Ao = AN, (1),
e /4 — MOCTOsTHHAS PAJHOAaKTUBHOTO Pacaa,;

Ny — KOTM4ECTBO aTOMOB M30TOINA B HAYAJIbHBIH MOMEHT (7 = 0).

Ecnu yuects, uto A = In2 ubnh,= %N > To popmymna (1) mpumer
1/2
BUJI
mN ,
= In2.
4 MT

1/2
Bripasum Bxopsmue B 3Ty popmyny Benuuunsl B CH u mpousse-
JIeM BBIUUCJICHUS
Ay =5,15-10" Bk = 5,15 Thk.
AKTHUBHOCTb U30TOIA YMEHBIIAETCS CO BPEMEHEM 10 3aKOHY
A=Age™ (3)
3amenuB B ¢opmyiie (3) MOCTOSHHYIO pacrafa A €€ BbIPaKEHUEM,

MoJIy4Yum
—In2¢
-t

A=Ae T :Ao(ean)m.

T.x. €™ =2, TO OKOHUATEIHHO Oynem uMeThb
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4,
A=
olin
Crnenas MOACTaHOBKY YHCJIOBBIX 3HAUEHUH, OJTYYUM
A =18,05-10" Bk = 80,5 I'bx». [http://narfu.ru]

Ipumep 2. «Ilpu onpenenenun nepuona nojypacnana /1, KOpoT-
KOKMBYIIETO PAJHOAKTHBHOTO M30TOIA UCIIOIB30BAH CUETYUK HMITYJIb-
coB. 3a Bpemsi A7 = 1 MmuH B Hauase HaOmoneHus (1 = 0) ObUIO HAacUHTA-
HO Any = 250 UMIyNIbCOB, a MO UCTEYEHUU BpeMEHHU [ = 1 4 — An, = 92
umnysbca. OnpenenuTs MOCTOSHHYIO PaIMOAKTHBHOTO pacmana A u re-
puon nojypacnana 77, usorona.

Pemenue. Uncno umnynscoB An, PETHCTPUPYEMBIX CUETYMKOM 32
BpeMst AZ, MPOMOPLMOHAIBHO YHCITY PACIIaBIIUXCSI aTOMOB AN.

Taxum obpa3om, pu NEPBOM U3MEPEHUN

Amy = kAN) = kNy(1 — e ™), (1)
rae Ni — KOJIM4eCTBO PaIMOAKTUBHBIX aTOMOB K MOMEHTY Hadaja OT-
cyerTa,;

k — ko3P PUIMEHT MPONOPLUHUOHAITIBHOCTH (TTOCTOSIHHBIN ISl JAHHO-
ro npudopa U TaHHOTO PACHOJIOKEHUsT PUOOPAa OTHOCHTENBLHO PaIuo-
AKTUBHOTO U30TOMA).

[Ipn moBTOPHOM M3MEpeHHH (IIPEATOaraeTcs, YTO PaCIOIOKEHHE
npUOOPOB OCTANIOCH MPEKHUM), TOTA

Any = kAN, = kNy(1 — e, ()
rae N, — KOJIMUeCTBO PagOaKTUBHBIX aTOMOB K MOMEHTY Hawasa BTO-
pPOro U3MEpPEeHUsl.

PaznenuB cootHomenue (1) Ha BbIpaxkeHue (2) W, NPUHSB BO BHU-
MaHHe, YTO IO YCJOBHUIO 3amaud Af OIMHAKOBO B OOOMX Clydasx, a
Takke 4to N; u NV, cBs3aHbl MeKIy coOOl COOTHOIIEHHEM N, = Nie ™,
MOJIY9UM

1 _ em (3)

r7ie / — BpeMsi, IPOIIEeIIIee OT MePBOTO IO BTOPOTO U3MEPEHUSI.
Jlns BeraucieHuss A BeipakeHue (3) cnexnyer mpojorapudmupo-
BaTh!

| 2 o= [ljln Ar,
An, t An,
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IloncraBuB YHUCIOBBIE AAHHBIC, MOJYYUM MOCTOSIHHYIO pPaauOak-
TUBHOTIO pacrnaja, a 3aTeM U Nepuoa Nnoyypacnaja:

= 1 In @ =1 qfl;
1 92
= lnTZ _ 0693 0,693 u = 41,5 mun». [http://narfu.ru]

9.2.2. 3apaum 11 CAMOCTOSITEIbHOTO PeLeHHsl

3aKoH paaHOAKTHBHOIO pacnajaa

41.1. «KakoBa BeposATHOCTb W TOro, 4TO NAaHHBIA aTOM B M30TOIE
PaauOaKTUBHOIO Moaa By pacmamaeTcsi B TeUeHHe OJKakIieid CeKyH-
IbI?

41.2. OnpenenuTh NOCTOSIHHBIE Pacajia A M30TOMOB pajaust ., Ra
v Ra.

41.3. Tocrostauas pacraga A pyGuans ©Rb pasra 0,00077 ¢ . On-
penenuTh ero nepuon noaypacnana /1,.

41.4. Kakas 4acTpb Ha4aJbHOIO KOJIMYECTBA aTOMOB pacmaaercs 3a
OJIUH IOJl B paAOAKTUBHOM H30TOIIE TOPHS 228Thg

41.5. Kakas 4aCTb Ha4aJbHOI'O KOJIMYECTBA AaTOMOB PaAUOAKTUBHO-
T'O aKTHHHS ~> AC OCTaHeTcs depes 5 cyr? uepes 15 cyr?

41.6. 3a ouH roJ HadaJbHOE KOJUYECTBO PaJMOAKTUBHOIO U30TO-
na yMEHbIIMJIOCh B TPU pa3za. Bo CkoJIbKO pa3 OHO YMEHBLIUTCS 3a 1Ba
roja?

41.7. 3a xakoe BpeMs f pacmanaercs Y4 Ha4aJbHOrO KOJUYECTBA
sAnep pPaauOaKTHMBHOIO M30TONA, €CIM MEepUOJ €ro mnoJypacnana
T 12 = 24 17

41.8. 3a Bpewmsi 1 = 8 CyT pacnaioch k = % Ha4aJIbHOTO KOJIMYECTBA
siIep panuoakTUBHOTO n3oTona. OmnpeneauTs Nepuos noaypacnana /1.

41.9. Ilpu pacnage paguOaKTUBHOIO MOJIOHUS 2Py B Teuenme
BpeMeHHu 1 = 1 u oOpasoBascs renuii *He, KOTOPBIN MPU HOPMAJIBHBIX
yCIOBHsX 3aHsUT 00beM J = 89,5 cm’. Onpenenuts mepuos moaypaca-
na 11, nonoHus.

41.10. Ilepuon monypacnana /1, paiuOakTHBHOIO HYKJIHIAa paBeH
1 4. OnpenenuTb CPENHIO MPOAOJIKUTENBHOCTD T XKU3HU 3TON0 HYK-
auaa.

41.11. Kakas 4acTb Ha4aJbHOI'O KOJMYECTBA PAJUOAKTUBHOTO HYK-
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JMIa pacmagaercs 3a Bpems f, paBHOE CpeaHel MPOIOIKUTEIbHOCTH T
*Ku3HH 3TOro Hyknuaa?». [https:/library.samdu.uz]

AKTHBHOCTh. PagnoakTuBHOe paBHOBecHe

41.12. «Onpenenuts 4ynuciao N aTOMOB, PacmaJaroIIuXCs B Paguo-
AKTUBHOM wH30TOmE 3a BpeMs [=10cC, ecim ero AaxkTUBHOCTH
A =0,1 Mbk. Cuntarh aKTUBHOCTH TIOCTOSTHHOU B T€UEHHE YKA3aHHOTO
BPEMEHHU.

41.13. AxtuBHOCTH A mpemnapata yMmeHbIIWIach B k=250 pa3s.
CxonpkuM nepuojam nosypacnana /i, paBeH NPOTEKIINUH MPOMEKYTOK
BpeMeHH 17

41.14. 3a Bpems /=1 cyT aKTMBHOCTb H30TONA YMEHbBIIUIACH OT
A1 =118 Tbx no A, =7,4 'bk. Onpenenuts nepuon nonypacmnana 712
3TOr0 HYKJIHUA.

41.15. Ha CKOJBKO NMPOLEHTOB CHU3UTCS aKTHBHOCTb A H30TOmNA
upumust It 3a Bpems £ = 30 cyT?

41.16. OmnpenenuTb NPOMEXKYTOK BPEMEHM T, B T€UEHHE KOTOPOIO
AKTUBHOCTb A M30TOMA CTPOHLHS ~ Sr yMmeHbmutcs B ky = 10 pas? B
k> =100 paz?

41.17. Cueruuk ['elirepa, yCTaHOBJIEHHBIN BOJIU3M Tpenapara pa-
IMOAKTUBHOIO M30TOMa cepedpa, peructpupyer notok P-uactuu. Ilpu
NEePBOM M3MepeHHH MOTOK P yacTull ObuT paBeH 87 ¢, a no ucreue-
HUY BpeMeHH f = | ¢yT moTok @, okasaics paBHeM 22 ¢ . OnpenenuTs
nepuop nojiypacnana /1, U30Tomna.

41.18. Onpenenuts akTHBHOCTL A hocdopa *>P maccoit m = 1 wr.

41.19. BbMUCIUTD YACTBHYIO aKTHBHOCTD d KOOAIbTa %Co.

41.20. HaiiT OTHOLIEHHE MACCOBOM aKTUBHOCTU ] CTPOHLIMUSA Ngr
K MacCOBOW aKTUBHOCTH dy pPaiusi *Ra.

41.21. Hantu maccy m; ypaHa P80, umeromero TAKyIO K€ aKTUB-
HOCTb A, KaKk CTPOHLIUH St maccoii m, = 1 wr.

41.22. Onpenenuts Maccy A1, pamoHa ~>’Rn, HAXOIAIIErocs B pa-
JIMOAKTHBHOM PAaBHOBECHH C pafueM ~> Ra maccoii a1y =1 r.

41.23. Ypan 24U sBnsercs MPOAYKTOM pacmana HauboJiee pacipo-
CTPAHEHHOr0 M30TOMNAa ypaHa »3U. Onpenenuts nepuoa Mojypacrana
Ty, ypana >*U, eciu ero MaccoBas 0N ® B €CTECTBEHHOM ypare — U
paBHa 6 107,

41.24. PannoakTUBHBIM U30TOII 1212 Na uznydaer y-KBaHTbI SHEPrUuen
€= 1,28 MasB. Onpenenutps MOIHOCTb P y-U3MyUeHUs U SHEPTHUI0 W,

2
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W3JIy4aeMyl0 3a BpeMs /=5 MUH H30TONOM HAaTpHUsi Maccol m = ST.
CunraTp, 4TO MPU KAXKIOM aKTE pacrafa U3JydaeTrcs OAMH Y-(POTOH ¢
YKa3aHHOH 3HEPrUuen.

41.25. ToueuHbIil U30TPONHBIN PAAMOAKTUBHBINA UCTOYHUK CO3JA€T
Ha paccTOsAHMU » = 1M UHTEHCUBHOCTb [ Y-HU3Jy4€HUs, PaBHYIO
1,6 MBT/M?. IIpuHuMass, 4TO MpU KaXAOM aKTe pacrnajaa siapa U3jiydaeT-
cst oguH Y-GoTOH ¢ sHeprueli € = 1,33 M»sB, onpenenutbh akTHBHOCTD A
HUCTOYHUKA.

41.26. OnpenenuTb UHTEHCUBHOCTD / yY-U3Jy4eHUs] Ha PaCCTOSIHUU
F=5CM OT TOYEYHOIO M3OTPONHOIO pPAAUOAKTUBHOIO MCTOYHUKA,
umerornero akTuBHOCTb A = 148 I'bk. Cunrarh, YTO MpPU KAKIOM aKTe
pacriama wusiaydaercss B cpenHeM #=1,8 y-pOTOHOB C »Hepruen
e =0,51 MaB kaxasrit». [https:/library. samdu.uz]

9.3. 9JIEMEHTBI JO3UMETPUN HOHU3UPYIOILIIUX
W3JIYUYEHUNI

OcHoBHbIe GpopMyJibl

— 3akoH ocnalneHHss Y3KOro My4ka MOHO3HEPreTHUECKHX
Y-M3JIy4eHU I MPH MPOXOXKIASHUN Yepe3 MOTJIOMAI0IIee BeLIeCTBO.

a) ocyiabiieHne IJIOTHOCTH TMOTOKa HMOHM3MPYIOLIMX YACTHIl WIIH
(dboTOHOB

J= J()eipx,
rae Jo — IIOTHOCTh TIOTOKA YaCTHL, MaJAI0IIUX HA MOBEPXHOCTh Belle-
CTBa,;

J — IUIOTHOCTH MOTOKA YaCTHUL] TIOCJIE MPOXOKACHHUS CJIOS BEIIEeCTBA
TOJIIIUHOM X;

W — TuHeHHbIH ko3 uuneHT ocnabnenus (puc. 9.1),

0) ocnabieHne HHTEHCUBHOCTH U3JTy4eHHI

I1=1 ()ei“x,
rae / — IHTeHCUBHOCTD Y-U3JIy4eHHI B BELIECTBE HA IIyOHHE X;

Iy — UHTEHCUBHOCTD Y-M3JIyYeHHUH, MaJaloLIiX Ha MOBEPXHOCTh Be-
IECTBA.

— CJ0eM TONOBHHHOTO OCa0NieHHsi Ha3bIBAETCS CJOMW, TOJLIMHA
X1/ KOTOPOTO TaKOBa, YTO HHTEHCHBHOCTH MPOXOSIIUX Yepe3 HEero
Y-U3JIy4€HUH YMEHBIIAETCS B ABA pas3a:

~In2 0,693

Xipp =—— .
1

u
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— Jlo3a m3ny4yenns (OO EHHast 1032 U3y4eHUs])
p_ AW
Am

rae AW — sHeprusi HOHU3UPYIOLIEro U3JyUeHUs], IepeiaHHast JIEMEHTY
00JTy4aeMoro BeIecTBa,;

Am — Macca 35eMeHTa 00JTy4aeMOoro BEIeCTBa.

Hoza mnydenust Boipaxkaercst B rpesx (1 I'p =1 Dx/kr). Mom-
HOCTb J103bI U3JIy4€HUs (MOIIHOCTb MOTJIOIEHHOH T03bI U3JTy4EHHs])

p=22
At
rae Af — BpeMmsi, B TeUeHHe KOTOPOro Oblia MOTJIOIeHa 3JIEMEHTOM 00-
Jy4deHUsl 103a U3nydeHust AD.
MOLIHOCTb [03bl M3JyYEHHs BBIPAXKAETCS B IPEsiX B CEKYHAY

(Tp/c).
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— DKCNO3ULMOHHAS 1032 (POTOHHOTO U3JTyUeHUs (FKCIO3UIMOHHAS
7032 raMMa- U PEHTT€HOBCKOTO M3JIyYeHHsI) €CTh BEJIMYMHA, PaBHAs OT-
HOLIEHHUIO CyMMBI 3JIEKTPUYECKUX 3apsaaoB AQ) BceX HOHOB OJTHOTO 3Ha-
Ka, CO3TaHHBIX 3JIEKTPOHAMH, OCBOOOKACHHBIMU B OOJy4€HHOM BO3[Y-
X€ TPU YCJIIOBUU IOJIHOTO HCIIOJIb30BAHUSI MOHU3UPYIOIIEH CITOCOOHO-
CTH 3JIEKTPOHOB, K Macce Am 3TOrO BO3AyXa:

A0

Am

EnunHuna 5kCno3uiuoHHOM 1036l — KyJIOH Ha kujtorpamm (Ki/kr).

— MOIIHOCTh 3KCIO3HULHUOHHON 1036l (JOTOHHOTO H3IydeHHs X
€CTb BEJIMYMHA, PaBHAs OTHOLICHUIO SKCIMO3UIMOHHON m03bI AX ¢o-
TOHHOTO H3JIy4eHHsI K MHTEPBally BpPeMEHHU Af, 32 KOTOPOE IMOJIydeHa
3Ta 1034, T.€.

_AX
At

MOIHOCTD 3KCIIO3ULIMOHHON 03Bl BBIPAXKAETCS] B aMIiepax Ha KH-
aorpamm (A/kr).

— DKCIIO3UIIMOHHAS 1038 PEHTT€HOBCKOTO U Y-M3JY4YEHHs, Masiaro-
1iero Ha 0OBEKT, SIKPAHUPOBAHHBIN 3AIIUTHBIM CJIOEM TOJIIIUHOM X,

X :Xoeipx,
rae Xo — SKCIO3ULIMOHHAS 1032 MPH OTCYTCTBUH 3AIUTHOTO CJIOSL.

— DKCIO3ULIMOHHAS 1032 Y-U3JIy4EeHHUs, MaaroIIero 3a BpeMs f Ha
OOBEKT, HaXOISIIUIACS B BO3AYyXE HA PACCTOSHUU K OT TOYEUHOTO HC-
TOYHHKA,

Xt

R’

rae X — MOLIHOCTH 3KCMO3HIIMOHHOM 03Bl HA PACCTOSHHM, PABHOM
enuHuLe. [lornomenuem y -u3J1ydeHnEM B BO3AyXe npeHeOperaem.

X =

9.3.1. IIpumepe! pemieHus 3aaa4

Hpumep 1. Berauciautb TOMIIUHY CIOSI TOJOBUHHOTO OCTA0NIEHUS
X1/2 TApPaNIENbHOIO MyykKa Y-U3JIy4eHUs! i BOAbI, €CJIU JIUHENWHBIN KO-
sddumment ocnabrerms p = 0,047 cm .

Pemenue. Ilpu npoxoxaeHUn y-U3JIydeHHs 4epes3 CION BELIeCTBa
MPOUCXOAUT WX MOTJIOUIEHHE 3a c4eT Tpex (akTopos: ¢oroaddexra,
s¢pexra Komnrona u obpazoBanus map (3JeKTPOH — MO3UTPOH). B pe-

3yJibTaTe ACUCTBUS HTHX TPeX (PaKTOPOB MHTEHCHBHOCTH Y-M3JIyYECHUS
18



SKCMOHEHLIHUAIBHO YOBIBAET B 3aBUCUMOCTH OT TOJIIUHBI CJIOST:

I=1 ()ei“x. (1)

IIpotins mornomaromui ClI0H TOJIIMHON, PABHOU TOJILIUHE CJOA
MIOJIOBUHHOTO OCNAOJEeHUsT X1/, MYUOK Y-H3JIydeHHUs] OyJeT UMEeTb HH-
TeHCUBHOCTH [ = [y/2. Tloncrasus 3Havenus / u x B popmyny (1), mony-
YUM

1, —x o

— =l —=e"n.

[Iponorapudmuposas nocieaHee BBIPAKEHHE, MOJYYUM HCKOMOE
3HAYEHHE TOJIIUHBI CJIOSI TOJIOBUHHOTO OCJIA0IeHHUS:

X, = ln—z = 0.093 . (2)
[ [
IToncraBus B popmyny (2) 3Hauenus p u ln 2, Haiinem X,
X1/2 = 14,7 CM.
Takum 0Opazom, cyioit BOABI TOMMUHON B 14,7 CM CHUXKAET UHTEH-
CHUBHOCTbD Y -U3JIy4€HHUs B 1BA pasa.

IIpumep 2. Toueunslil paquOAKTUBHBINA HCTOYHUK %C maxomurcs B
LEHTPe CBUHIIOBOTO C(PEepUYECKOTO KOHTEHHEpa C TOJIIMHONW CTEHOK
x =1 cM u HapyxkHbIM paguycoM R =20 cm. Omnpenenutb MakCuMaib-
HYIO aKTHBHOCTb Amax NICTOUYHUKA, KOTOPBII MOXKHO XPaHUTh B KOHTEH-
Hepe, €M JOMyCTUMAas TUIOTHOCTh MOTOKA /o Y-(POTOHOB Ha BBIXOJE
U3 KOHTEHHepa paBHa 8:10° ¢ 'm 2. IIpyHATH, YTO NpPU KAXKIOM aKTE
pacnaza siapa °Co ucnyckaercs # =2 y-(bOTOHA, CPENHSSI SHEPTHS KO-
TophIx (€) = 1,25 M3B.

Pemenne. AKTHBHOCTh paAMOAaKTUBHOIO UCTOYHHKA CBSI3aHA C IO-
TOKOM H3JIyueHHus! y-pOTOHOB cooTHomeHueM @ = An, rae n — 4ucio
Y-(OTOHOB, HCIyCKaEMBbIX IPU OJTHOM aKT€ Pacraaa, OTKya

A= L : (D)

n

[Totok @, Bxomsammuii B 3Ty (OPMyIy, BBIPA3UM Hepe3 IUIOTHOCTD
notoka. [InoTHOCTE MOTOKA Ha pPacCTOSIHUM R OT TOUEUHOIO UCTOYHHKA
W3JTyYEHHI

D
'o4rR®

Ilocne npoxoxkaeHUsT U3JIy4EHHUH Yepe3 CBHHIIOBYIO CTEHKY KOH-

TelHepa MJIOTHOCTb NMOTOKA YMEHBLIMTCS U BBIPA3UTCA COOTHOLIEHUEM
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J» =J1e ™. Boipaszus otcrona Ji u noacrasus B popmyiy (2), Halinem

Jet = 4 ~ = @ =41R’J e
4
IToxcrasus Beipaskenue @ B (1), moxyuum
L
n

Ecnu B nonyuenHoit ¢popmyne npunaTh J2 = Jnon, Gopmyna Oyner
BBbIPAJKaTh MCKOMYIO MaKCHMaJbHYIO aKTHBHOCTb HCTOYHHKA, KOTOPBIi
MOYKHO XPaHUTh B KOHTEHHepe:

2 e
4 = AR o€ . 3)
ax
n
ITo rpaduky Ha puc. 1 HaXOAWUM, YTO JHHEHHBIA KO(PPHUIHEHT OC-
N -1
nabnerust 1 st y-GoTOHOB ¢ sHepruel € = 1,25 MbsB pasen 0,64 cm .
Beipasum BenmuunHel, BXoasmue B popmyny (3), B equanuax CH u,
BBINOJIHUB BbIYUCIICHUS, IOTYIUM

A=3,8 MBk.

pumep 3. Kocmuyeckoe u3iiydeHue Ha yPOBHE MOPsI HA SKBATOpeE
o6pasyer B Bosayxe o6beMoM V' =1 cM’ B cpeaHeM N = 24 mapbl HOHOB
3a Bpems f; = 10 ¢c. Onpenenutes 3KCMO3UIUOHHYIO 103y X, moJydae-
MY 4eJIOBEKOM 3a BpeMs 1, = 1 rox.

Pemenue. DKCIO3ULIMOHHYIO A03Y, NOJYyYaEMYIO YEJIOBEKOM, MOXK-
HO BBIPA3UTh MO HopMyJie

X=Xt (1)
rac X— MOIITHOCTH BKCHOSHHHOHHOﬁ J03bI I/IS.]'IyLIeHI/Iﬂ.
MouHocTh 10361 X = g, rane () — 3apsii MOHOB OJIHOTO 3HAKa,
mt

1
obOpa3yeMbIX H3JIyYeHHEM 3a BpeMs /1 B BO3AyXe Maccoi m. Macca BO3-
ayxa MOXKeT ObITh HaliieHa KaK MPOU3BEICHNE TUIOTHOCTH P BO3JyXa Ha
ero odvem V, T.e. m=pV. 3apsim Bcex MOHOB OAHOTO 3HAKA HAWMIEM,
MTOMHOKUB 3JIEMEHTAPHBIHN 3apsi Ha YUCI0 HOHOB: O = |e|N.

Dopwmyna (1) ¢ yaerom BeipaxkeHui X, m 11 ) IPUMET BHJ

x=xy, =<y el

mi, pht,

BeIpasum BenmuunHel, BXoasmue B popmyiny (2), B equanuax CH u,

BBINOJIHUB BbIYUCIICHUS, IOTYIUM

20



X=9,41 mxKn/kr.

9.3.2. 3apaum 11 CAMOCTOSITEILHOTO PeLeH sl

IHornomenune raMmma-u3Jjay4eHui

«IIpn pemennn 3amau 42.2...42.7 BOCHOJB30BATHCS TIpadUKOM,
n300pakeHHbIM Ha puc. 9.1.

42.1. Onpenenutb 4uciao N CIIOEB TMOJOBUHHOTO OCHA0NEHUS,
YMEHBLIAINUX HHTEHCUBHOCTD / Y3KOTO MydKa y-u3inydeHus B k = 100
pas.

422, Onpenenutsd Uit OETOHA TONIIMHY CJIOS TIOJIOBUHHOTO OCIal-
JeHUsT X1 Y3KOro TMydka Y-M3JIydeHHss C OJHeprued (OTOHOB
£=0,6 MaB.

42.3. Ha kakyro riyOMHY HYKHO TOTPY3UTh B BOAY MCTOYHHUK y3-
KOTO My4Ka y-u3iayueHus: (3Heprus € y-poToHoB paBHa 1,6 MsB), uTo-
OBl UHTEHCUBHOCTD / TIy4Ka, BBIXOASIIETO U3 BOABI, Obllla YMEHbIIEHA B
k=1000 paz?

42 4. InteHcuBHOCTD / Y3KOTO IMy4Ka Y-U3JIy4eHUs MOCJe MPOXOXK-
IEeHUsI Yepe3 CJIOW CBHUHIA TOJIIMHOW X =4 CM yMEHbIIHMJAach B k=8
pa3. Onpenenutsb >HEPTHIO € Y-POTOHOB U TOJIIUHY X]/2 CIOS IOJOBUH-
HOTo ocnabieHus.

42.5. Yepes cBuHel NPOXOAUT y3KUI My4OK y-u3aydenus. IIpu ka-
KOM 3HAQUY€HHUH SHEPTHH € Y-(POTOHOB TOJIIMHA X2 CJOS TIOJOBUHHOTO
ocnabnenust Oyner MakcuManbHOH? OmnpenennTh MaKCHMAJBbHYIO TOJ-
IIMHY Xmax CJIOS1 IOJIOBUHHOTO OCA0IEHUS IJIs1 CBUHIIA.

42.6. Y3kuil my4doK Y-M3IyueHHUs: (3Heprusi € y-POTOHOB paBHA
2,4 M»sB) npoxoauT depe3 OETOHHYIO TUINTY TONLIHMHOHN X1 = | M. Kakoi
TOJIIIMHBI X; TUINTA W3 YyIyHa JAeT TaKO€ K€ OcCablieHHne MaHHOTO
My4Ka Y-U3JTy4eHUs ?

42.7. UyryHHas IJIMTa YMEHbIIAET UHTEHCUBHOCTb / y3KOTO IMy4Ka
y-u3nayueHus: (3Heprus € y-portoHos pasna 2,8 MsB) B £ =10 pas. Bo
CKOJIBKO Pa3 YMEHbIIUT UHTEHCHBHOCTb 3TOTO Iy4Ka CBUHIIOBasl IUINTA
TaKoM ke TommuHb?». [https://library.samdu.uz]

DJeMeHThI 103UMeTPHH

42.8. «Kakas 1oyt ® BCeX MOJIEKYJ BO3Ayxa NPU HOPMAJIbHBIX yC-
JIOBUSIX NOHU3UPYETCS] PEHTTEHOBCKUM HM3JIy4€HUEM MPU SKCIO3ULIUOH-
Hot no3e X = 258 mxKu/kr?

429 Bo3nyx Tmnpu  HOPMaJbHBIX  YCIOBHSIX  OOnydaercs
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y-uznydenuem. Onpenenutb SHepPrur0 W, morjomaeMyr0 BO3AyXOM
Maccol m=15Tr HOpU  OKCHO3ULHOHHOM  [03€  H3JIy4ECHUs
X =258 mxKn/kr.

42.10. Tlon nmeiicTBHeM KOCMUYECKHX JIy4ell B BO3AyXe OOBbeMOM
V=1cM Ha ypoBHE MOps 0bpasyercs B cpeasem N = 120 map HOHOB
3a NMpoMexxyToKk BpemeHH Af=1 MuH. OmnpenenuTb 3KCIO3ULIUOHHYIO
no3y X u3iaydeHus, A1eHCTBUIO KOTOPOro MOJIBEpraeTcs 4ejloBeK 3a Bpe-
Ms £ =1 cyT.

42.11. DddexTnBHAT BMECTUMOCTb } HMOHH3ALMOHHONW KaMepbl
KapMaHHOIO O3UMeETpa pasHa 1 oM, snexTpoeMkocTe C =2 n®. Ka-
Mepa COIEP’KUT BO3MYX NMPU HOPMAJBHBIX YCIOBHAX. Jlo3umerp Obui
3apsbkeH 1o noteHuuana ¢p = 150 B. Iloa meiicTBueM M3ay4deHHs MMO-
TeHIHaN MoHu3WiIcsA A0 ¢ = 110 B. Onpenenuts 3KCMO3UITMOHHYIO J0-
3y X U3ny4eHus.

42.12. MomHocTh X 3KCHO3ULUOHHON 03Bl CO3aBaeMasi yaajeH-
HBbIM MCTOYHUKOM Y-U3JIy4eHHUs ¢ 3Heprueil GoToHOB € =2 M»3B, paBHa
0,86 MxA/kr. OnpenenuTs TOJIIUHY X CBHUHIIOBOTO 3KpaHA, CHUKAO-
LIEr0 MOIHOCTh 3KCIO3ULMOHHON O3Bl 10 YPOBHS MPEAENIBbHO NOMyC-
tumoit X = 0,86 HA/kT (cM. puc. 1).

42.13. Ha paccrosHun /=10cM OT TOYEYHOrO MCTOYHHKA
Y-U3Jy4EHUS] MOIIHOCTh SKCHO3MIMOHHON mo3bl X = 0,86 mxA/kr. Ha
KaKOM HaUMEHbIIEM PACCTOSHUH /in UICTOYHHUKA SKCIIO3UIIOHHAS 1032
u3nydeHus: X 3a pabouuil neHb MPOAOIDKUTEIBHOCTBIO = 6 4 HE Tpe-
BbICUT TmpenenbHO  pomyctumyro 5,16 mxKu/kr?  [ornmomennem
Y-U3JIyUYEHHUS B BO3yXe MPeHeOpeyb.

42.14. MOIWHOCTh 3KCMO3ULIMOHHON N03bI X Y-U3Jy4€HUs Ha pac-
crostHun 71 = 40 ¢cM OT TO4YeuHOro MUCTOYHHKA pasHa 4,30 MxA/kr. On-
penenuTb BpeMs f, B TE€UEHHE KOTOPOrO MOXXHO HAXOAUTBCS HA pac-
CTOSIHUU F2 = 6 M OT UCTOYHHUKA, €CJIU MPEIEIbHO JOMYyCTUMYIO 3KCIO-
3UIUOHHYI0 703y X npuHATh paBHOH 5,16 MxKu/kr. Ilornomenuem
y-u3Ny4deHus: B Bo3ayxe npeHedpeuny. [https://library.samdu.uz]

9.4. JE®OEKT MACCBHI 1 DHEPTUS CBA3N
ATOMHBIX AAEP
OcHoBHbIe GpopMyJibl
— CornacHo pensTHUBUCTCKON MeXaHUKe, Macca IOKOsl m yCTOWYH-
BOW CHUCTEMBI B3aUMOCBSI3aHHBIX YACTULl MEHBIIE CYMMBbI MAacC MOKOS
my + my+ ...+ my TeX Ke YaCTULI, B3SThIX B CBOOOIHOM COCTOSIHUH.
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PasnocTh

Am=(m +my+ .. +m)—m (D)
Ha3bIBAETCs 1e(PEKTOM MACChl CUCTEMBI YACTHILI.

— DHeprus CBsi3u MPSIMO MPOMOPLUHOHANBHA Ne(EeKTy MAacChl CHC-
TE€MbI YaCTHLI

Ecg= czAm,

Ir7le ¢ — CKOPOCTb CBETA B BaKyyMe
(c* = 8,987-10" m*/c*= 8,987-10"° II/xr).

Ecnu sHeprus BblpakeHa B MeErasJIeKTPOH-BOJIbTAX, a Macca B
ATOMHBIX €IMHHULIAX, TO

¢ =931,4 MoB/a.e.m.

— JledexT maccel Am aTOMHOTO siipa €CTh PA3HOCTh MEKAY CyMMOM
Macc CBOOOJHBIX MPOTOHOB M HEUTPOHOB M MAacCOW 0Opa3OBaBIIErOCs
U3 HUX s17ipa:

Am = (Zmp + Nmy,) — mg,
rne Z — 3apsaoBoe YUCHO (YUCIIO POTOHOB B SIZIPE);

mp U n, — Macchl MPOTOHA U HEWTPOHA COOTBETCTBEHHO;

myg — Macca sapa.

Ecnu yuects, 4TO

mg=m,—Zm,;

My + 0, =1y

N=(4-2),
TO popmyny nedexra Macchl siipa MOYKHO MPENCTABUTH B BUAEC
Am=Zm, +(A-Z)m,-m,,
1

rne A — MacCoBO€ YHCIIO (YHCIIO HYKJIOHOB B SIZIPE).

Ipum. TepmuH «nedeKT MacChl» HMHOT/IA NMPHUMEHSIOT B JAPYTrOM
CMBICJIE, & UMEHHO: 1e(eKTOM MacChl A Ha3bIBAIOT PA3HOCTb MEXKIY OT-
HOCHTEJIbHOM MacCOM A,, JaHHOTO M30TOMNA U €r0 MAaCCOBBIM YHCJIOM A
A =4, —A. Takum oOpazom, aedekT Macchl A MOKa3bIBAET OTKIOHEHHE
OTHOCHTEJIbHOW aTOMHON MaccChl OT LEJOYHCICHHOTO 3HA4YEHHUs. JTa
BEJIMYMHA MPSIMOTO (PU3NIECKOTO CMBICIIA HE UMEET, HO €€ UCIOJb30Ba-
HHUE TI03BOJISIET B Psiie CIyYaeB 3HAYUTEIBHO YIPOCTUTH BBIYMCIICHUS.
B Hactosiimem nocoduun BCrOAYy MUMeeTCst B BUAY Ae(eKkT Maccel Am, om-
penensiembrii obmieit popmysioii (1).

— YnenpHasi SHEPTHUs CBsI3M (PHEPTHUS CBSI3U HA HYKJIOH)

E — ECB
Y, A :
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9.4.1. IIpumepe! pemieHus 32124

Hpumep 1. Beruucnute nedexT Maccbl Am U SHEPTHIO CBSI3U Focp
snpa | B.

Pemenne. [ledext Maccel siapa onpenennm o Gopmysie

Am:ZmiHJr(A—Z)mn—ma, (D)

Bbruucnenue nedekTa Macchl BLIIOJHMM BO BHECHCTEMHBIX €J1H-
nunax (a.e.m.). st siapa ¢ B Z =35, 4 = 11. Macchbl HEHTpPaNbHbIX aTO-

moB Bogiopona ((H) u Gopa (i B), a Taxke HeiiTpona (1) Haiinem u3
ITpun. A.
IMoncraBum HalifeHHBIE MacChl B BhIpakeHune (1) u mpowusBeaeM
BBIYHCIICHUSI:
Am=1[5-1,00783 +11-5)-1,00867 — 11,00931] = 0,08186 a.e.m.
DHeprus CBsi3U siipa ONPENeNsIeTCs] COOTHOIIEHHEM
Ecp = Amc?. (2)
DHepruro CBS3M sAApa TaKKe HaiileM BO BHECHCTEMHBIX €IUHHUIIAX
(MsB). st aToro aedekT Macchl MOACTABUM B BhIpaxkeHue (2) B a.e.M.,
a kosdduurenT nponoprmonansHocTH (¢*) — B MaB/ (a.e.Mm.), T.e.
Ecy=931-4-1,08186 MaB = 76,24 M»aB.

Tpumep 2. OnpenenuTh yaebHYIO SHEPTHIO CBS3H sIpa | Li .
Pemenune. YpaenbHas 3HEpPrusi CBs3U €CTb JHEPrUsl CBS3M A1pa,
MPUXOJALIASACA HA OJJUH HYKJIOH:

E _ ECB
v cz

1501051
cZ
EM = Z(ZmiH +(A-Z)m,—m,),

[Toncrasum B 3Ty GhopmyIy 3HadeHHs BeauuuH (cM. Tabdm. 21, 22) u

MIPOU3BEEM BbIUHMCIEHUS:
Ey=13-1,00783 + (7-3)-1,00867 —7,01601] = 5,61 M3B/ayxno=.

Ipumep 3. Onpenenuts 3Heprur0 F,, KOTOPYH HYXXHO 3aTpPaTHUThb
JUIs OTPbIBA HEMTPOHA OT sizpa 1 Na .
Pemenne. Ilocne oTpbiBa HEMTPOHA YHCIO HYKJIOHOB A B sape
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YMEHBIIUTCA Ha €AMHMILY, a YUCJIO MPOTOHOB Z OCTAHETCS HEU3MEH-
HBIM, B PE€3YJbTATE MOJYUYUTCS AAPO Na. Anpo »Na MOKHO paccmar-
pUBaTh KaK YCTOWYHMBYIO CHCTEMY, 0OpPa30BaBINYIOCS B PE3yJIbTATE 3a-
XBaTa CBOOOHOTO HEHUTpPOHA SAPOM Na. DHeprusi OTpbIBa HENUTPOHA
ot sumpa ~°Na paBHa SHepruu CBA3M HEHTPoHa ¢ aapoM -Na (£ = Ecg).

BrIpaszus sHEpruto CBsA3M HEHTPOHA uepe3 NePeKT MacChl CHCTEMBI,
MOJIy4YUM

2 2
E=E ,=cAm=c (m22Na +m, _M23Na)'

HpI/I MNOACTAHOBKE YHCJIIOBBIX 3HAYEHUN 3aMeHsIEM MacChl AAEP
MaccaMu HEHUTpPaJbHBIX aTOMOB. Tak Kak 4HCIIO 3JEKTPOHOB B 000JI0Y-
Kax aToMoB > Na 1 “*Na 0HHAKOBO, TO Pa3HOCTb MacC aTOMOB »Na u
?Na OT Takoii 3aMeHBI HE H3MEHUTCS:

E£=931,4[M>sB/aem.]-0,01334 [a.e.m.] = 12,42 M3B.

9.4.2. 3apaum 11 CAMOCTOSITEIbHOTO peLeHHsl
43.1. «Mcnonb3yst H3BECTHBIE 3HAYEHUSI MACC HEUTPAJIbHBIX aTOMOB

'H, ’H, "H u oneKTpoHa, ONPENeNnTh MacChl A1, IPOTOHA, My NEHTO-
Ha, mg sapa , C.
43.2. Macca m, anbda-uactuiisl (snpo renus 3 He) pasna 4,00150

a.e.M. Onpenenuts Maccy m, HEUTPAIBHOTO aTOMa T'eJTHsL.

43.3. 3Has Maccy M, HEIUTPANbHOTO aTOMa U30TONA JTUTHUs . Li, on-
PENeNUTh MacChl A1y, My W M3 VOHOB JIMTHS: OnHO3apsaHoro .Li',
nyxsapsnHoro . Li"" u tpexsapsauoro JLi™""

43.4. Onpenenutb nedeKT Macchl Am W SHEPTUIO CBS3H Ficp sinpa
aToMa TSDKEJIOro BOAOPOAA.

43.5. Onpenenutb 3HEPrut0 Fcp, KOTOpas OCBOOOAMUTCS TMpPH CO-
€IMHEHNH OJTHOTO MPOTOHA M ABYX HEHTPOHOB B aTOMHOE SIZIPO.

43.6. OnipesieTUTD y/IETbHYIO SHEPTHIO CBsI3U Ly, sinpa | C .

43.7. DHeprus cBs3u Lcp s7pa, COCTOSIIEr0 U3 ABYX NMPOTOHOB U
OJIHOTO HelTpoHa, paBHa 7,72 MaB. Onpenenuts Maccy m, HeHTpalb-
HOTO aTOMa, UMEIOILErO 3TO sIpO.

43.8. OnpenenuTtb Maccy m, HEUTPAJIbHOTO aTOMa, €CJIH sIPO 3TOrO
aToMa COCTOUT U3 TpeX MPOTOHOB U ABYX HEHTPOHOB U 3HEPIHs CBS3U
Ecp snpa paBHa 26,3 M3B.

43.9. AtromHoe siapo, mornortusiuee y-poton (A= 0,47 nm), npu-
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IJIO B BO30Y>KAEHHOE COCTOSHHE M PAcNajoch Ha OTACIbHBIE HyKJIOHBI,

pasjereBllnecs B pazHble CTOpoHbL. CyMMapHasi KHHETHYeCKast SHeprus

7' nyknonos pasna 0,4 MsB. Onpenenuts 3HEpTUrO CBsi3u Ficp siapa.
43.10. Kakyro HAMMEHBIIYIO SHEPTHIO /X HYXKHO 3aTPaTUTh, YTOOBI

pa3zeNTUTh Ha OTENbHbIE HYKIOHBI sinpa JLi u |Be? Iodemy ans sapa
OepriuHs 3Ta SHEPTHSI MEHbILE, YeM JUIS SApa JIUTH?

43.11. Onpenenuts 3HEPrur0 F, KOTOpas BBIACIUTCS Mpu oOpas3o-
BaHMHU U3 NPOTOHOB U HEHTPOHOB siziep renus 3 He maccoiim =11

43.12. Kakyr0 HAaMMEHBIIYIO SHEPTHIO /X HYXKHO 3aTPaTUTh, YTOOBI
OTOpBaTh OJIMH HEWTPOH OT siapa azota 5 N ?

43.13. Haiitu MUHIMAaJIbHYIO SHEPTHUIO [/, HEOOXOMUMYIO ISl yaa-
JIeHHsl OJTHOTO MPOTOHA U3 siIpa a3ota 5 N .

43.14. Dueprus ceszu Lcp sapa kucnopozaa ; O pasHa 139,8 MaB,
aapa ¢ropa , F —147,8 MaB. OnpenenuTb, Kakyrd MHHAMAJbHYIO

SHEPrHI0 [, Hy)KHO 3aTpaTuTh, YTOOBI OTOPBATh OIWH MPOTOH OT sIpa
¢ropa.

43.15. Kakyro HauMEHbIIYIO SHEPrUI0 CBS3M [/ HY>KHO 3aTpaTHTh,
4TOGOBI PasfeNuTh PO 5 He Ha JBE OMHAKOBbIE YACTH?

43.16. OnpenenuTh HAMMEHBIIYIO HEPTUIO F, HEOOXOIUMYIO IS
pasmenenus sapa yrnepoga . C Ha TPU ONMHAKOBBIE 4YaCTH».

[https://library. samdu.uz]

9.5. AAEPHBIE PEAKIINN

OcHoBHbIe GpopMyJibl

«— CumBoONMYeCKast 3alMCh SACPHON PEAaKLUU MOXET OBITh JaHa
WM B pa3BEpHYTOM BUJE, HAIIPUMeEpP

:Be+ H —) He+; Li
U COKPAIICHHO

"Be(p,a)°Li/

IIpu coxpalieHHON 3amMUCH MOPSAAKOBBIM HOMEpP aTOMa He MUINYT,
TaK KaK OH OIpeIeNsIeTCs] XUMHYECKIM CUMBOJIOM aroma. B ckoOkax Ha
NEepBOM MecCTe CTaBsAT 00O3HaueHHe OoMOapAMpyrOIleH YacTHLBI, Ha
BTOPOM — YaCTHI[bI, BBIJIETAIOIIEH U3 COCTABHOTO S/Ipa, U 32 CKOOKaMH —
XUMHUYECKOU CUMBOJI SIAPA-TIPOAYKTA.

Jns 00O3HA4YeHUs YAaCTULl MPHUHSTHI CIEAYIOIINE CHMBOJBL. P —
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NPOTOH, 1 — HEHUTPOH, d — NEHTOH, ! — TPUTOH, 0O — anb(a-JyacTuua, y —
ramma-(OTOH.

— 3aKOHbI COXpaHEHUs:

a) 4ncia HyKJIOHOB A1 + Ay = A3 + Ay,

0) zapsina 21 + Z, = 73 + Zy;

B) PENISITUBUCTCKOU MONHOM sHepruu F + Fp = 5 + Fy,

) UMIyJbca p; + p2 = p3 + pa4.

Ecnu obmee uncno simep v 4acTH, oOpa3oBaBIINXCS B PE3YJIbTATE
peakuuu, OOJbLIE ABYX, TO 3aMMUCh COOTBETCTBEHHO JOTOJHIETCS.

— DHeprus sAepHOI peakuuu

Q = [(m +my) - (m3 + ma)],
T7Ie /1) U My — MacChl TMOKOS siApa-MUIIEHH U OOMOapANpYyIOLIeH YacTh-
LB,

m3 + my — CyMMa Macc TIOKOSI siiep MPOAYKTOB PEAKIIHH.

Ecnu my + my > m3 + my, TO HEprus 0CBOOOXKIAETCS, SHEPreTHIC-
ckuil 3(HeKT NOJOKUTETICH, PEAKLIUS SK30TEPMHUUECKas.

Ecnu my; +my < m3 + my, TO 3HEPrusi MOTJIOLIAETCSA, SHEPreTHye-
ckuil 3¢ (exT OTpULIATENeH, PEaKIHsI SHAOTEPMHUYIECKAsL.

DHeprus siAepHOHN peaki MOKET OBbITh 3aIICaHa TAKXKE B BUJIE

O=(T1+1)-(13+ 1),
rae 77 u T, — KHHETHYeCKHe SHEPTUU COOTBETCTBEHHO sIIpa-MHUIIECHU U
OoMOapIUpPYIOIIEH YaCTHIIBL,

75 n T4 — KNHETUYECKHE SHEPTUH BbUICTAIOIIEH YaCTULBI U Apa —
NPOAYKTA PEAKIIHH.

IIpu sx30Tepmuueckoit peakuuu 73 + 7, > 11 + 1, npu sHOoTEpMHU-
yeckoit peakuuu 13 + T4 < T + To». [https://library.samdu.uz]

9.5.1. IIpumepe! pemieHus 3aaa4

IIpumep 1. «Halitu 3HEpruro peakuuu

:Be+ H —) He+; Li,
€CJIM M3BECTHO, YTO KHWHETHYeCKHe SHepruu nporoHa 1x = 5,45 MbaB,
sinpa renusi Ty =4 MaB 1 uto sigpo renus Bbuiereno noxg yriioM 90° k
HANPaBJIEHUIO [IBIKEHHUsI POTOHA. SIApO-MHUIEHD |, Be HEMOBUKHO.

Pemenne. Dueprus peakuun () €CTb Pa3HOCTh MEXAY CYMMOH KH-
HETUYECKUX SHEPrUui sSAep-NMPOAYKTOB PEAKLUU U KUHETUYECKON 3Hep-

TUel HAJIETAOLIEro sApa:
Q=T+ Ty - Tn. (1)
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B 3TOM BBIpaXK€HUU HEU3BECTHA KUHETUYECKAst YHEPTHs 11 JIUTHSI.
Jlnis ee onpeneneHnst BOCTIONb3YEMCsl 3aKOHOM COXPAHEHHsI UMITYJIbCa

P = pue t pri. (2)

BexTophb! py ¥ pre, TIO YCIOBHIO 33J]a4H, B3AUMHO TIEPIICHIUKYJISP-
HBI U, CJIEIOBATENIbHO, BMECTE C BEKTOPOM pr; 0Opa3yrOT MPsIMOYIOJIb-
HbIN TpeyroJbHuk. [TosToMy

(p)” = (o) + (i)’ 3)

BripasuM B 3TOM paBEHCTBE UMITYJIbCHI SIIEP Yepe3 X KHHETUYe-
ckue sHepruu. Tak Kak KUHETHYECKHE SHEPTUU siAep, MO YCIOBHIO 3a-
Ja4y, MHOTO MEHBIIIe SHepTruil mokosi 3tux siaep (cm. Ilpun.), To MOKHO
BOCIIOJIb30BATHCS KJIACCHUYECKOH (hopMyJIOit

p*=2mT. 4)

3ameHuB B ypaBHeHUU (3) KBaApPaThl UMIYJIbCOB SIAEP X BhIpAXKe-
HUSIMH (4), TOCIIe YIPOIIEHUS TOTyYUuM

myilti = mueTue + mulmy,
OTKyAa

A

Li :
mp;

_ mHeTHe + mHTH

[Toncrasus uncnossie 3HaYeHus B hopmyiy (1), Halimem
Q=T+ Tue— Tu=2,13 MaB». [https://library.samdu.uz]

IIpumep 2. Pemute 3aaady NpeAplayIlero NpuMepa, CUWTast, 4To
KUHETHYECKHe SHEPTUU U HapaBJIEHUs IBUKEHUS siiep HEM3BECTHBI.

Pemenue. IIppuMeHUM 3aKOH COXPaHEHUs PEIATUBUCTCKON MOJHON
SHEpruu

Epe + By = Ene + Eij (1)

PensTuBuCTCKasA MOJHAs 3HEPrUs siApa paBHA CyMMe€ SHEPTUU IO-
KOSl U KHHETUYECKON SHEPTHUU:

E=mc*+ T (2)

B ¢opmyne (2) nns ynporneHus: 3amucl Macca Mmokosi 0003Ha4YeHa
HE 4epes Mo, a 9epes ml.

Tax Kak sSAPO-MHIIEHDb ~Be HeMOABIUKHO, TO Ha OCHOBAHHH (GOpMY-
16l (2) ypasHernue (1) mpumer Bua

mpec® + muc® + Tu = muec® + Tue + muc® + Ty (3)
Onpenenum SHEPTUIO PEAKIUU:
O = Tye + Tri— Ty = ¢*[(mpe + my) — (mye + my)]. 4)

IIpyn uucnoBOM moacyYeTE MaCChl SAEP 3aMEHUM MaccaMH He-
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TPAJbHBIX aTOMOB. Jlerxo Y66I[I/ITBC$I, YTO TaKad 3aME€Ha HE IMOBJIMACT Ha
pe3yibTaT BbMUCIEHUs. B camoMm, fene, Tak Kak Macca m siapa paBHa
Pa3HOCTU MeXIy Maccoil m, HEUTPAIbHOIO aTOMa U MacCcol Zm, 3JeK-
TPOHOB, 0OPA3YIOIIHX 3JIEKTPOHHYIO 000JIOUKY, TO

O = ¢* [(mpe + 4m, + my— mg) — (Mye — 2me+ my; — 3my)]. (5)
Ynpoctus ypasHeHue (5), Halinem
Q = [(mpe + mu) = (mue + mi)]. (6)

IToncTaBuB 4MCIOBBIE 3HAUEHUS KOA(PPUIMEHTA MPOMOPLUOHATb-
soctr ¢ (MsB/a.e.M.) i1 MacC HEHTPAIBHBIX ATOMOB (2.€.M.), TOydHM
0 =2,13 MaB,
YTO COBIIAAET C PE3YJIbTATOM, NIOJyUYEHHBIM B ipumepe 1.

IIpumep 3. PaguoakTuBHOE AOPO MarHus 23Mg BBIOPOCHIIO TIO3HU-
TpoH u HeliTpuHO. Onpenenuts suepruro O B -pacnana sapa.

Pemenne. Peaximro P'-pacmama smpa MarHus MOXHO 3aIlHCaTh
CenyromumM odpasom:

“Mg -7 Na+] e+ v.

[IpuaNMast, 4TO SAPO MArHusi OBLJIO HEMOABMKHBIM, U YUHUTBIBAS,
YTO Macca MOKOs HEMTPUHO paBHA HYJIIO, HAalMIlEeM ypaBHEHHUE dHepre-
THyeckoro Oanmanca. Ha oCHOBaHWMHM 3aKOHAa COXPaHEHUs! PEISATUBHUCT-
CKOM MOJIHOW SHEPTUHU HMEEM

chMgZCZmNaJr Ina + Em, + T+ T, (D)
DHeprus pacraja
Q = Taa + To+ T, = Pyt — Mg — m,). 2)

BeIpasum maccel simep MarHusi 1 HATPHUS Yepe3 MacChl COOTBETCT-
BYIOIUX HEUTPAIbHBIX AaTOMOB!

O=c¢ [(mng — 12m,) — (mna — 11m,) — m,).

Tax kak Macchl MOKOS JEKTPOHA U MO3UTPOHA OJMHAKOBBI, TO TO-
cJie YOPOIIEHUHN MOJyYUM

0= cz(mMg — Mg — 2m,).

Cnenas noacraHoBky, Haiinem O = 3,05 M»sB.

9.5.2. 3apaum 15 CaMOCTOSITEILHOTO peLieHusl

3aKkoHBI cCOXpaHeHUsl B s/IePHBIX peaKuHsX

44.1. OnpenenuTsb MOPSIIKOBBIN HOMEP Z U MacCOBOE YUCHIO A 4ac-
THLIBL, 0003HAYEHHOH OYKBOU X, B CHMBOJIMYECKOU 3aIUCH SIEPHOM pe-

akunu | C+5 He =y O+x.
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44.2 To xe, nns peakiuu .. Al +x — H+ Mg.

44.3. Onpenenutsb 3HEPTUI0 (J SINEPHBIX PEAKIUil:

1) ;Be+H—>! B+ n;

2) {Li+ H -, He +: He;

3) ILi+i He »Y B+, n>

4) 'Li+\H—] Be+,n;

5) ¥Ca+ H—}, K+: He.

OcBoOo’KAaeTCsl WK TIOTJIOIAETCSI SHEPTUsl B KAKAOW M3 yKa3aH-
HBIX peaKLni?

44 4. «Haiitu snepruto O sinepHBbIX peakiuil:

1) *H(p,y) ‘He;

2) *H(d,y) ‘He;

3) *H(n,y) °H;

4) ®F(p,0) °0.

44.5. Tlpu coynapenuu y-poTOHA C NEUTOHOM MOCIEOHUN MOXKET
pacienuThes Ha J1Ba HykjioHa. HanucaTe ypaBHeHuUe siiepHON peakuuu
U OMpenenuTh MHHUMAJBHYI SHEPTHIO Y-(DOTOHA, CIIOCOOHOTO BBI3bI-
BaTh TAKOE pacllerieHHe.

44.6. Onpenenuts suepruro O sepHoit peakiun “Be(n,y) 'Be, ec-
JIM U3BECTHO, YTO BHEPrus cBsi3u Ficp sAapa ’Be paBHa 58,16 M>3B, a sn-
pa '"Be — 64,98 M»B.

44.7. Haiitu suepruro Q simepHOi peakumn ' N(np) '*C, ecnn
sueprus cBasu Fcp smpa N pama 104,66 MsB, a sapa ''C —
105,29 MsB.

44 8. OnpenenuTh CyMMapHYIO KHHETHYECKYIO sHepruto 1 snep,
o6pasoBaBuInXca B pesyinbTare peaxuun C(d,o) ''B, ecnn kuHeTHwde-
ckas sHeprus 77 nmeditoHa paBHa 1,5 MsB. fAnpo-muinens BC cunrars
HEMOJIBUKHBIM.

44.9. TTpu spepHoii peakuun oBe(a,n) '*C ocBoGoxkmaercs sHeprus
Q =5,70 MaB. Tlpenebperasi KHHETHUECKIMH SHEPTHSIMH siep Oepuit-
JIUSl U TeNusl ¥ MIPUHUMAs UX CyMMapHbI UMIYJIbC PaBHBIM HYJIIO, OII-
peneauTb KuHeTHUeckue sHepruu 11 u 1, NpoAyKTOB peakLMH.

44.10. IIpenebperass KWHETUYECKUMH YHEPTUSAMU sIep ACHTEpUS U
MPUHKUMAsI UX CyMMAapHbIH UMIYJIbC PaBHBIM HYIIIO, ONPENENUTh KUHe-
TUYecKue 3Hepruu /1 u 1, U UMIYJIbCBI P1 U P, IPOAYKTOB peakLuu
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"H+ H— He+,n.

4411. TIpu peakummu °Li(dp) 'Li ocBoGoxmaercss sHeprus
O = 5,028 MsB. Onpenenuts Maccy m °Li. Macchl OCTANBbHBIX aTOMOB
B34Th U3 [Ipu.

4412, TIpu peaxumn ‘H(dp)’H ocBoGoxmaercs sHEprus
0 = 4,033 MsB. Onpenenutb Maccy m aroma *H. Macchl OCTaNbHBIX
aTOMOB B34Tb U3 [Ipui.

44.13. Tpu sineproii peakuun “He(d,p) *He ocBoGoxmaercst sHep-
rusg O = 18,34 MaB. Onpenenutb OTHOCUTENBHYIO aTOMHYIO Maccy A,
m3oToma remust “He. MacChl OCTANIBHBIX aTOMOB B3SITh H3 Ilpun.».
[http://reshuzadachi.ru]

Peaknus nesienus

44.14. «OnpenennuThs KUHETUUECKYIO SHEPTUIO /' U CKOPOCTH V Tel-
JIOBOTO HEWUTPOHA MNpHU TeMIepaType [ OKPYXKaloLled Cpeabl, paBHOU
27 °C.

44.15. HaliTu OTHOLIEHHE CKOPOCTHU |l HEUTPOHA MOCJE CTOJKHO-
BEHHSI €ro C SAPOM yriaepoaa '-C K HauaIbHOH CKOPOCTH Vi HEHTPOHA.
Haiitu Takoe ke OTHOLIEHHE KMHETUYEeCKUX dHepruil Heiitpona. Cuu-
TaTh SIAPO YIIIEPOAA 1O CTOJIKHOBEHHMS MOKOSIIUMCS, & CTOJIKHOBEHHE —
MPSIMBIM, LIEHTPAJIbHBIM, YIPYTUM.

44.16. Snpo ypana ;U , 3aXBaTUB OJIMH HEHTPOH, Pa3ieuIOCh Ha
JiBa OCKOJKA, MPHYEM OCBOOOAMNOCH JBa Heiitpona. OMHUM U3 OCKOIN-
KOB OKa3aJloCh A/IPO KCEHOHa '+ Xe . OnpesenuTh NOpsAaKOBbIi HOMEp

Z ¥ MaccoBOe YHCIIO A BTOPOTO OCKOJIKA.

44.17. Ilpn neneHun OJHOTO sAApPA ypaHa-235 BBIAENAETCS SHEPIUs
Q =200 M»3B. Kakyro 100 3Heprus MoKos siapa ypaHa-235 cocTasiis-
€T BblJeMBILIAsACSA SHEPrus’?

44.18. Onpenenuth dHEPrut0 £, KoTopast OCBOOOIUTCS MPU Jeie-
HUH BCEX siAep, COAep Kaluxcst B ypaHe-235 maccorim = 1 1.

44.19. Ckonbko smep ypaHa-235 HOKHO IEIUThCS 3a BpeMs
t =1 ¢, 9TOOBI TEIJIOBAst MOILTHOCTD P SIEPHOro peakTopa Oblia paBHOMN
1 B1?

44 .20. OnpenenuTb MacCOBBIN PacXO[ M, SIAEPHOTO TOPIOYETO 2y
B SIIEPHOM PEAKTOPE aTOMHOM 3JIGKTPOCTAHLUMU. TerioBasi MOIHOCTD P
snekrpoctaHimu pasHa 10 MBT. [Ipunste sHepruto (J, BBIEISIONIYIO-
¢ mpu OJHOM akTe aeneHwus, pasHoil 200 MaB. KIIJI n snekrpocral-
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muu cocrasisieT 20 %.

44.21. HaiiTu 3J1eKTPUYECKYI0 MOIIHOCTb F aTOMHOM 3JIEeKTpoO-
craHuuy, pacxoayrwowen 0,1 kr ypana-235 B cytku, ecnu KIIJI n cran-
1y paseH 16 %». [http://reshuzadachi.ru]

JHeprusi paAMoAKTHBHOI0 pacnajaa siiep
4422 «Omnpenenuts 3Heprut0 () anbda-pacnana siapa MOJOHUS

210
PO
44.23. TIOKOMBLIEECS PO MOJNOHUS gy PO BBIOPOCHIIO (L-HaCTHILLY

¢ kuHernyeckon sHeprueit 7'=153 MsB. Onpenenuts KUHETHYECKYIO
sHepruto 1 siipa OTHAYM U MOJHYKO SHEPrut0 (J, BBIACTUBIIVIOCS TPU
o-pacriafe.

44.24. Snpo yrnepoma ':C BBIOPOCHNIO OTPULATENHHO 3aAPSIKEH-

HYIO [-dacTuily u antTuHeHTpuHO. OnpeneuTh NoNHYI0 dHepruro ) Oe-
Ta-pacraja spa.

44.25. HenonsmxHOE SAPO KPEMHHS |, Si BBIOPOCHJIO OTPUIATENb-
HO 3apsKEHHYIO [3-4acTHIly ¢ KHHEeTW4YecKoul sHeprueidt 7'= 0,5 MaB.
[Ipenebperast KWHETUUECKOW SHEPTUEH sApa OTHAYH, ONPENEIUTh KUHE-
THYECKYIO SHEPTHI0 /7 aHTHHEHTPHUHO.

44.26. Onpenenutsb sHepruto () pacnana sapa yriaepoaa ', C ., Bbl-
OpOCHBIIIETO MO3UTPOH U HEHTPUHO.

44.27. Snpo atoma azota 3N BeIOPOCHIO MO3UTPOH. KuHeTHue-

ckas sHeprus 1, mosutpoHa paBHa | MaB. [IpeneOperast KHHETHYECKOH
SHepruei siaipa OTAa4H, ONpeNeNuTb KHUHETUYECKylo 3Hepruro 1), Heil-
TPUHO, BBIOPOIIIEHHOTO BMecTe ¢ mo3uTpoHomy. [http://reshuzadachi.ru]

DleMeHTapHbIe YaCTULBL.

4428 «CBobOoxnHBI HEHTPOH paaMOaKTHBEH. BbhiOpachiBast 3Jek-
TPOH U aHTHUHEWTPHUHO, OH IpeBpaiiaercs B NpoToH. Onpenenurb cyM-
MapHYK0 KHHETHUYECKYH0 SHEprur0 / BCeX YacTHLl, BO3HHMKAIOIIUX B
npoluecce npespatieHus HeuTpoHna. IIpuHATe, 4TO KMHETUYECKass SHep-
I'vsi HEMTPOHA paBHA HYJIO M YTO Macca IMOKOS aHTHHEHTPHHO MpeHed-
PEeXUMO Mana.

44.29. ®otoH ¢ sHepruel € =3 M>sB B none Tspkenoro siapa npe-
BpaTWICS B Mapy 3JIEKTPOH-MO3UTPOH. IIpuHMMas, 4TO KUHETHUYecKast
SHEprus 4acTULl OJIMHAKOBA, ONpPENENUTb KUHETUYECKYI sHepruto [
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Ka)KJON 4aCTHLIBL.

44.30. DnexTpOH U MO3UTPOH, MMEBIINE OJMHAKOBbIE KHHETHYE-
ckue sHepruu, pasHble 0,24 M3B, npu coymapeHun npeBpaTUIIUCh B
IBa OJMHAKOBBIX (poToHA. OmnpenenuTsb SHEPTHIO € (OTOHA B COOTBET-
CTBYIOILIYIO €MY JJTHHY BOJIHBI A.

44 31. HeiirpanpHblii m-Me30H (7°), pacmanasich, MpeBpaIlaeTcsi B
IBa OJMHAKOBBIX Y-(hoToHa. Ompenenuts SHepruro € ¢poroHa. Kuneru-
YeCKOH  OSHepruel W HUMIYJIbCOM ~ Me30Ha  mIpeHeOpeuby.
[http://reshuzadachi.ru]
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IIpunoxenne

Macca neiitmpanbHslx amomos

DJICMEHT TlopsakxoBeiit HOMEP Hzoron Macca, a.c.M.
(Hetitpon) 0 n 1,00867
'H 1,00783
Boxopox 1 ‘H 2,01410
*H 3,01605
e 5 iHe 3,01603
He 4,00260
. °Li 6,01513
it 3 Li 7.01601
Be 7,01693
Bepuuii 4 ‘Be 9,01219
""Be 10,01354
B 9,01333
Bop 5 "B 10,01294
"B 11,00931
Ke 10,00168
Vrnepox 6 EC 12,00000
C 13,00335
HC 14,00324
"N 13,00574
Asor 7 N 14,00307
PN 15,00011
°0 15,99491
Kucnopox 8 0 16,99913
0 17,99916
drop 9 “F 18,99840
Harpuii 1 ZNa 21,99444
Na 22,98977
Marsui 12 “Mg 22.99414
AmroMuHui 13 AL 29.99817
Kpemnuit 14 °1Si 30,97535
docdop 15 °'p 30,97376
Kammuit 19 YK 40,96184
Kanbuit 20 *Ca 43,95549
CBuHen 82 “0°pp 205,97446
Tonoxuii 84 1% 209,98297
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«['opHOE mENO. DNEKTPOMEXAHWHYECKOE OOOpPYIOBAaHHME, ABTOMATH3ALMSI IPOICCCOB
JOOBIMH TIOJIC3HBIX MCKOMAeMbIX U pym», «I oproe aeno. TexHomormieckas Oe3omac-
HOCTh M TOpHOCHAcaTelsHOe aeno», «[IpodeccHoHambHas NMCUXOIOTHS», «YIIpaBiie-
HHC TIepcoHamoM» (B 9-u uacTax). Hacts 4. Dnexrpuuectso. /Coct.: B.U. Cagonos. —
Craxanos: ®I'EOY BO «JII'Y um. B. Jlama».

16. Meroauveckue yKa3aHus K NPAKTHYECKUM 3aHATHAM MO AUCHUIUTHHE «Du3H-
Ka» I CTYZICHTOB HAmpaslcHUs noAroToBkH [IpodeccrnonansHoe oOyueHue (10 OT-
pacisiM), ipounn: « IKOHOMHKA U YIIpaBiIcHUEY, «H(POpMANHOHHbBIE TEXHOIOTHH H
CHCTEMBD», «DICKTPOCHAOKEHME», «be30macHoCTs TEXHOMOTHICCKHX MPOLECCOB H
mpou3BOACTB», «['opHOE nemo. [ToazemMuasn pa3padoTKA IIIACTOBBIX MECTOPOKICHHI,
«['opHOE mENO. DNEKTPOMEXAHWHYECKOE OOOpPYIOBAaHHME, ABTOMATH3ALMSI IPOICCCOB
JOOBIMH TIOJIC3HBIX MCKOMAeMbIX U pym», «I oproe aeno. TexHomormieckas Oe3omac-
HOCTh M TOpHOCHAcaTelsHOe aeno», «[IpodeccHoHambHas NMCUXOIOTHS», «YIIpaBiie-
HHUC TepcoHaIoM», B 9-m uactsax. Yacte 5. Marnwerusm. /Cocr.: B.M. Cadonos. —
Craxanos: m3a-o JII'Y mm. B Jlams, 2022. — 86 c.

17. Meroauveckue yKa3aHus K NPAKTHYECKUM 3aHATHAM MO AUCHUIUTHHE «Du3H-
Ka» I CTYZICHTOB HAmpaslcHUs noAroToBkH [IpodeccrnonansHoe oOyueHue (10 OT-
pacisiM), ipounn: « IKOHOMHKA U YIIpaBiIcHUEY, «H(POpMANHOHHbBIE TEXHOIOTHH H
CHCTEMBD», «DICKTPOCHAOKEHME», «be30macHoCTs TEXHOMOTHICCKHX MPOLECCOB H
mpou3BOACTB», «['opHOE nemo. [ToazemMuasn pa3padoTKA IIIACTOBBIX MECTOPOKICHHI,
«['opHOE mENO. DNEKTPOMEXAHWHYECKOE OOOpPYIOBAaHHME, ABTOMATH3ALMSI IPOICCCOB
JOOBIMH TIOJIC3HBIX MCKOMAeMbIX U pym», «I oproe aeno. TexHomormieckas Oe3omac-
HOCTh M TOpHOCHAcaTelsHOe aeno», «[IpodeccHoHambHas NMCUXOIOTHS», «YIIpaBiie-
HHC mepcoHamoM» (B 9-m wactax). Yacte 6. Konebamms w BommbL  /Cocrt.:
B.U. Cagonos. — Craxanos: @I BOY BO «JII'Y mm. B. Jdama», 2023. — 40 ¢.

18. Meroauveckue yKa3aHUs K NPAKTHYECKUM 3aHATHAM MO AUCHUIUTHHE «DU3H-
Ka» I CTYZICHTOB HAmpaslcHUs noAroToBkH [IpodeccrnonansHoe oOyueHue (10 OT-
pacisiM), ipounn: « IKOHOMHKA U YIIpaBiIcHUEY, «H(POpMANHOHHbBIE TEXHOIOTHH H
CHCTEMBD», «DICKTPOCHAOKEHME», «be30macHoCTs TEXHOMOTHICCKHX MPOLECCOB H
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mpou3BOACTB», «I opHOE Acmo. [Tom3eMHas pa3pabOTKA TUIACTOBBIX MCCTOPOKACHUID,
«['opHOE mENO. DNEKTPOMEXAHWHYECKOE OOOpPYIOBAaHHME, ABTOMATH3ALMSI IPOICCCOB
JOOBIMH TOJIC3HBIX HCKOMACMBIX H pya», «[ opHOoe meno. TexHomornieckas Oe3omac-
HOCTh M TOpHOCHAcaTelsHOe aeno», «[IpodeccHoHambHas NMCUXOIOTHS», «YIIpaBiie-
HHC TepcoHAoM» (B 9-u yacTax). Yacts 7. Omruka. /Coct.: B.U. Cadonos. — Craxa-
HOB: ®I'BOY BO «JII'Y um. B. Jlaxsmy.

19. Meroauieckue yKa3aHus K NPAKTHYECKUM 3aHATHAM MO AUCHUIUIHHE «DU3H-
Ka» I CTYZICHTOB HAmpaslcHUs noAroToBkH [IpodeccrnonansHoe oOyueHue (10 OT-
pacisiM), ipounn: « IKOHOMHKA U YIIpaBiIcHUEY, «H(POpMANHOHHbBIE TEXHOIOTHH H
CHCTEMBD», «DICKTPOCHAOKEHME», «be30macHoCTs TEXHOMOTHICCKHX MPOLECCOB H
mpou3BOACTB», «I opHOE Acmo. [Tom3eMHas pa3pabOTKA TUIACTOBBIX MCCTOPOKACHUID,
«['opHOE mENO. DNEKTPOMEXAHWHYECKOE OOOpPYIOBAaHHME, ABTOMATH3ALMSI IPOICCCOB
JOOBIMH TOJIC3HBIX HCKOMACMBIX H pya», «[ opHOoe meno. TexHomornieckas Oe3omac-
HOCTh M TOpHOCHAcaTelsHOe aeno», «[IpodeccHoHambHas NMCUXOIOTHS», «YIIpaBiie-
HHC TIepcoHATOM» (B 9-u wacTax). Yacts 8.1. @m3uka atoma. /Cocr.: B.U. CagonoB.
— Craxanos: ®I'BOY BO «JII'Y mm. B. Jansa».

20. Meroau4ecKkue yKa3aHus K MPAKTHYECKUM 3aHATHAM MO AUCHUIUTHHE «DU3H-
Ka» I CTYZICHTOB HAmpaslcHUs noAroToBkH [IpodeccrnonansHoe oOyueHue (10 OT-
pacisiM), ipounn: « IKOHOMHKA U YIIpaBiIcHUEY, «H(POpMANHOHHbBIE TEXHOIOTHH H
CHCTEMBD», «DICKTPOCHAOKEHME», «be30macHoCTs TEXHOMOTHICCKHX MPOLECCOB H
mpou3BOACTB», «I opHOE Acmo. [Tom3eMHas pa3pabOTKA TUIACTOBBIX MCCTOPOKACHUID,
«['opHOE mENO. DNEKTPOMEXAHWHYECKOE OOOpPYIOBAaHHME, ABTOMATH3ALMSI IPOICCCOB
JOOBIMH TOJIC3HBIX HCKOMACMBIX H pya», «[ opHOoe meno. TexHomornieckas Oe3omac-
HOCTh M TOpHOCHAcaTelsHOe aeno», «[IpodeccHoHambHas NMCUXOIOTHS», «YIIpaBiie-
HHC TCpCoHAIoM» (B 9-m uactax). Yacte 8.2, DICMCHTH KBAHTOBOH MCXAHHKM.
/Cocrt.: B.U. Cagonos. — Craxanos: ®I'BOY BO «JII'Y mm. B. Jam», 2023. — 50 c.

21. Meroau4ecKkue yKa3aHusA K MPAKTHYECKUM 3aHATHAM MO AUCHUIUTHHE «Du3H-
Ka» I CTYZICHTOB HAmpaslcHUs noAroToBkH [IpodeccrnonansHoe oOyueHue (10 OT-
pacisiM), ipounn: « IKOHOMHKA U YIIpaBiIcHUEY, «H(POpMANHOHHbBIE TEXHOIOTHH H
CHCTEMBD», «DICKTPOCHAOKEHME», «be30macHoCTs TEXHOMOTHICCKHX MPOLECCOB H
mpou3BOACTB», «I opHOE Acmo. [Tom3eMHas pa3pabOTKA TUIACTOBBIX MCCTOPOKACHUID,
«['opHOE mENO. DNEKTPOMEXAHWHYECKOE OOOpPYIOBAaHHME, ABTOMATH3ALMSI IPOICCCOB
JOOBIMH TOJIC3HBIX HCKOMACMBIX H pya», «[ opHOoe meno. TexHomornieckas Oe3omac-
HOCTh M TOpHOCHAcaTelsHOe aeno», «[IpodeccHoHambHas NMCUXOIOTHS», «YIIpaBiie-
HHC TepcoHanaomM» (B 9-m uactax). Yacte 8.3, ®Omsmka tBEpmOoro tema. /Cocr.:
B.U. Cagonos. — Craxanos: DI'BOY BO «JII'Y mm. B. dana».
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YuebHoe u3manue

METOAUYECKHUE YKA3ZAHUA
K MPAKTHICCKAM 3aHATHAM IO JUCITHILTIHHC
«PHU3HUKA»

JUI CTYACHTOB HAIIPABICHUS MOATOTOBKA
IMpogeccronansHOE 00YICHHES (IO OTPACIIAM), POPIITH:

«DKOHOMHKA W yrpasicHue», «MH(POPMAaIHOHHBIE TEXHOIOTHH U CHCTEMBDY, «DEK-
TpocHAOXKEHHUE», «be30MacHOCTh TEXHOIOTHIECKUX MPOIIECCOB M IMIPOU3BOICTBEY,
«TopHoe memo. [ToazemHas pa3padoTKa MIACTOBBIX MECTOPOKICHUID, «[ OpHOS IeI0.
DIEeKTPOMEXaHIMIECKOE 000PYI0BAHHIE, ABTOMATH3ALIS TIPOLECCOB JOOBIMH MOJIC3HBIX
HCKOIIAEMBIX U pya», «['opHOe memo. Texaomormieckas 6€301MacHOCTh M TOPHOCIIAca-
TEABHOC Ao, «IIpodecCHOHATBHAS ICHXOIOTHDY, « Y MPABICHHUE TICPCOHATIOM» (B 9-
H 4acTiax). Yacts 9. Gu3HKa AaTOMHOTO AApA U JICMEHTAPHBIX YACTHUI]
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