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BOB0OY2KJICHIE aTOMOB

3aXBAaT JIEKTPOHOB
HMOH-3/IEKTPOHHAsT PEKOMOUHAIINST
yJapHasd NOHU3AIUA
doTononm3aIms

1.1 Honw 6 2ase

B paBHOBecHOM cocTosiHIN (B 9acTHOCTH, 63 TOJIs) TEITOBast SHEPIUsl HOHOB
(M 9JIEKTPOHOB) MMeeT MAKCBEJIOBCKOE PaCIpeieIeHne

F(e) = C\/ee 1

CO CPEJIHUM

3
(€) =er = ikT ~ 0.04 5B.

Hudbdysus qactun uz rogednoro (~ §(r) npu t = 0) HCTOYHUKA TPUBOIUT K
Pa3MBITHIO UX 00'beMHO} KOHIIEHTPAIIUH: Ha PACCTOAHUM T OT UCXOJAHON TOYKN

B MOMEHT t
"o —r2/ADt

(47D1)3/?

CO CPEIHEKBAAPATHIHBIM
(r*y = 6Dt .

,ZIJ'IH O,ILHOMGpHOfI IpoOEeKIUU Ha OChb T pPacCIpe/ie/IeHuE rayCCOBCKOE!:

1dN(t) 1 2

= e 4Dt |,

N dx Var Dt

Jluneitnoe cmerenne (pucnepcust) o, = v/ 2Dt.

B nose E nanpasnennoe asukenne (apeiid) noHoB o ckopocTbio vt
vt =putE.
[To kunernveckoii Teopun (TayHcenm) mis 0dHo3aps0HO20 HOHA

el eE A ek

YTom’ T 2mu 2munc(u)’



Tabmumna 1
CsoiicTBa NOHOB B Ta3ax IIpHU H.y.

ra3 | mpober A, | cKOpocTb u, | mucpdysusa | MOABUKHOCTDL | KOJI.-BO Iap ITOTEHII,. SHEpPIUs Ha
10 %cm 10t em/c | DT, em?/c | pFiem?/(e-B) | ny/nt, em™! | mon. Iy, 3B | mapy w, 3B
Hy 1.8 20 0.34 13. 5.2/9.2 15.4 37
He 2.8 14 0.26 10.2 5.9/7.8 24.6 41
Ar 1.0 4.4 0.04 1.7 29/94 15.8 26
Oy 1.0 5. 0.06 2.2
H>0 1.0 7.1 0.02 0.7

r7e T - cpejiHee BpeMs MKy COYJapeHUusIMU, A - CpeIHuil mpoder, o - ceuenne
paccestHusI.

Bonee Touno v = 238& = pt =2
mu 3mu

Ca3b ko3bdunmenTa quddy3un u TOABUKHOCTH Yepe3 T.H. 'xapakTepHyio'"sHepruio:

Jr
& _ D7 _ KT _ ) 026sB.
e ut e

N.B. Unorpa = vE~! npusongar B eqununax u = v(E/p)~t.

B cmecu ra30B - HOHBI Pa3HBIX MOJIEKYJI (aToMOB), HO mocie 1001000 crosk-
HOBEHHII OCTaloTCd TOJIBKO C HA3MIUM IOTEHINAIOM HOHU3AIIUH.

Nrax, nuddysus npu apeiide B mosie F Ha paccTosHue T

kT 2kT
crx:\/2Dt:\/2,ut: —
e el

(HezaBmCHMO OT Ta3a) - T.H. "remnosoii mpemen" muddysun. Hanpumep:

E =500B/cM, z = lcm — o, = 100pum .
1.2 Daexkmponvl 6 2a3e

B Ar npu m.y. D(e”) = 370cm?/c ~ 10* D(Ar™).
TPaHCIOPTHOE CEUEHNE O rpanen = Telast(1 — (cosf)) = 3.8 - 107 0em?,
npoGer A = 1.2 - 10 3em =~ 100\ (Ar™).

[Torepu sHepruu, npuodpeTaeMoii 3IeKTPOHOM IIPH YCKOPEHUH B TI0JI€, B CTOJIK-
HOBEHHH ¢ aTOMOM MaJibl: A = d€/e =~ 2m./M,. [losTomy snekrponnas "remmneparypa’ (F(e; E)
- He MakcBestoBckoe!) B moste Bemmka: (e) ~ 0.1 + 5B > er.



Jlaa noarnomu: n3 ypaBHeHus bBosibIiMaHa

B (e 3A(€)ede B0 o e e [
F(EO)—C\/%GXP[ /0 (eE)\(e))2+3ek:TA(e)] Cy/egexp [—eo/(KT)]

() = | ;u)\(e)F(e)e (> D(wom))

o(E) = 2€E/e)\(e)a[}?g€)/7”de

Pacuer o(€) - c10:KHOIT HEMOHOTOHHO! (DYHKIMU - KBAHTOBO-MEXaHUIeCKAs
sagada. Cedenne 3aBucnt ot Hebombmx 106aBok(!).

B GospmmHCTBE IPAKTHIECKUX CIydaes (cMeceil 1 mosteit) nMerT J1eJ1o ¢ T.H.
"HaChIIEHHOI " CKOpOCTBIO Apeiidar

Ve & 5 oM/ uc — v, ! & 20 He /.

Hucdbdysna HakmagpBaeT Mpeesa TOYHOCTH MPU U3MEPEHHH KOOPIMHATHI
MOHU3AIIAN:
- TIpM YCPEHEHHN TI0 N 3JIEKTPOHAM 0 ~ 04 /+/T
J— ™
MIpU perucTpaliy nepBoro u3 n > 1 01 = 5O

1.2.1 Jlpetih 6 maznummom nonse

Cwuta Jlopenma, geiicTBytoIIas Ha JBUZKYIIUICST MEXKTy CTOJTKHOBEHUSAME 3a-
P4, TPUBOJUT K ABYM OCHOBHBIM CJIEJICTBUSM:

o u3menenue F(e) = u3Mmenenne D, v (ymeHbIIeHnE) 1 ap.
e u3MeHeHne HanpasseHus japeiida

Hna E S 500 B/em

v eH
Vg = —, w = — — JlapMOPpOBa 9aCTOTa
V14 w?r? m
__ eET — 2mv
(’U T 2m - T~ eE )’

—

tan ay (LEV) = wr.

Hng E 2 1500 B/em vy — vsqpr = v(H = 0); ag o< H u nagaer ¢ poctom E.

IIpumep: B emecu Ar : iCyHyg : (OCH3)CHy = 67% : 30% : 3%
ag(H=15T,E =1.5B/cm) ~ 40°



1.2.2  Baxsam (npusunanue) s4exmponos

[TycTb BEpOATHOCTH HPWIHIAHHS € K IACKMPOOMPUUAMENbHoti MOJEKYIIe
h (= h(e)- Boobuie cusnbhast ¢.-usg mons!). Ilpu cpenneil gacrore CTONKHO-
BeHuit v Bpems j10 npunnanus 7 = (hv)~L

JL71st TErJIOBBIX SJIEKTPOHOB IIPU H.Y.

h v,c ! T

COy 62-107° 22-10" 710 mKc
O, 25-107° 2.1-10" 190 uc
Cl, 48-107% 45-10" 4.7 (1) uc

[Ipu oTHOCHTENHHONW KOHIEHTPAIIME MPUMECH P YMEHbIIEeHnEe coOupaeMoil Ha
nyTH japeiida r monusanun

hu
n(z) = nge /e , A= —p — obpaTHas JJIMHA 3aXBaTa .

¢ v

IIpumep: 8 Ar npu E = 500 B/cm ¢, = 6 3B, v = 4-10° em/c, o(ex,) = 5-10716
em?. Tlyers mons npumecu ¢ b = 2-107°  p = 1% ("nausno"npeamnonoxum,
aro npuMech He MenHseT F'(€)). Torma va 1 cm apeiida morepst cocrasur ~ 33%
JIEKTPOHOB.

2 T'az B cumiibHOM I110J1€: B036y}K,Z[eHI/Ie M MOHM3anunA

® yIIpyrHe COyJdapeHns

e yiapHOe BO30Y K I€HUE 3JIEKTPOHHBIX yPOBHEl (- u31yderue+Gorononusanus )
U - B MOJIEKYJISIPHBIX Ta3ax - BPaIlaTeTbHO-KOIe0aTeTbHBIX YPOBHE

e yiapHas MOHU3AIUS

N (non.map)

[lepsorit kKoadpdunuent TayHcenaa a = i
a~! = )\ - cpeannit mpober /10 yIapHON NOHU3AIINH.
DKCIIEPUMEHT:
@ E
—=f(=)=f(s)
p p

[Iporecc Ta30BOTO yCUICHUS:
dn = nadz = n = nge™ = ngM

B neopnopognom noste o = o(x) u M = exp([ a(x)dz).



Hpeiid: ve > v; = B rOJIOBKE JIABUHBI TIOYTU BCE JIEKTPOHBI U =~ TOJIO-
BUHA MOHOB.

CyIecTByeT MHOIO SMIMPUYECKUX napaverpusanuii «( E) 1jis npakTHIecKux

.

pacderos (omenok). Oxna un3 mHux - Poze-Kopda (mpm mamsix o ~ 50 =
500 cm™1) :

a Ae—BP/E

p

D eHOMEHOJIOTTIEeCKUIt npezaear 10 HpO6OEI orpeaesidercd T.H. YCA0B8UEM Peme-

pa:
az ~ 20 — M ~5-10%.

Bamernm: o = «(€). BemencrBre craTucTuaeckoro xapakrepa € Ha IIPAKTHKe
M <108 =107,

B nekoropom nnamazone S = E/P cedenne nonuzanuu o; = ke. Torma

a=kNe (k(Ar) ~ 1.8-107'" cM?/B).

Nrak, pestoMmupysi:

e nonmsamuga: m.ip. B 1 cm Ar maer ~ 100 wmonos. Curman V = % I
2 uB (C' ~ 10 nd).

® Ta30BO€ YCHJICHUE: HECKOJIBKO MOPSIIKOB

® IIJIOCKHII CYETUYNK:
M = f(x)
a(E) = const = ar = 20 (mpoboii) mocTHraeTcs s KaKOTro-TO

a(€) ¢ BOBIIOI BEPOSTHOCTHIO.
2.1 Daryxmyayuu 24308020 YCUNEHUA

Benmnunna M cunbno GuiyKTyupyer. BosbIyio poib B 9TOM UT'paeT MepBbIit
9JIEKTPOH: TIPOJIETUT JIM HECKOJIBKO JUInH 1/« 6e3 noHu3anum ujim, Haobopor,
Ha OJHOI JIJIMHE NOHU3YeT HECKOJIBLKO Pas.

B cnabowm moste 10 moHU3AINKM MHOT'O YIIPYTUX CTOJKHOBEHHI, BOSHUKAET paB-
HOBecHe. B TakuxX yCJIOBUSIX pacipejiesieHue

P<Ne> = (1/Ne) exp(_Ne/Ne) :

B 6osee obmiem ciaydae i pIyKTyalndii yCUIeHUsT UCIONB3YIOT pacnpedene-
nue [lotia:

P(M) = M®exp (—(1+60)M)



C OTHOCUTEJIbHOI JIHUCIIepCcren

<0M)2_1
M) 14+6°

Ono mepexonuT B sKcnoneHnnaabaoe npu O = 0. Tunuano © = 0.5 + 1.

QyKTyalliil CUTHAJa MPU CPEJIHel cOOpaHHON MOHU3AIUKN 7. U NPONnopuuo-
HAADHOM TA30BOM YCUJIEHUN

2.2 Toawenue paspsada

YBeumdenue mojisi = pocT (pOTOMOHU3AINKA B MHEPTHOM Ta3e = pa3pacTaHue
JIaBUHBI = pa3psj [eiirepa-Mroiepa.

Tammenue:

e OobIINM compoTuBiIeHueM B 1ienn BB - nutanns
e ypaBJsieMbiM (UMITyJIbCHBIM ) BB-muranuem
e Jdobasxroli 6 cmecwv "eacauu "Komnonenm

"Tacureb OOBITHO MHOTOATOMHBII Ta3 (4acTo OpraHuvIecKuii) ¢ 6oabIIM (ho-
tonorsonienneM (6e3 nornzanun) u 3GHEKTUBHBIM CHATHEM BO30Y K IeHUIT Te-
pe3 KojedaTeIbHO-BpAIllaTeIbHBIE YPOBHHU.

2.3 Ta3 das cuemuuka 6 (no0AY)NPONOPULOHANDHOM DEXHCUME

e XOpOIINe NOHU3ANNOHHBIE CBOfiCTBa (GOIbIIIE 7)),104)
e XOpoliee ra30Boe ycuseHne (JOMUHUPOBaHNE HOHU3AINN HAJ] BO30Y K ICHU-
SIMI) TIPU HU3KUX TIOJIAX

DTUM CBOICTBAM yIOBJIETBOPSIOT HHepTHLIE Tasel Ar, Kr, Xe...
o jemmepusna (Ar)

Opgnako: B uncToM Ar pasBUBaeTCs HENPEPLIBHBIA paspsii U3-3a
- orononusanun, B T.4. Ha Karoze: £, (min) = 11.6 3B > Ej,,(Cu) = 7.7 sB;
- neiirpasmzanyuu Art Ha Katozie ¢ BbLIeTOM (DOTOHA WM €.

Yerpansiercs 106aBKOH MHOTOATOMHOTO ra3a-'"racuress" (T.H. quencher) ¢ Ko-
ne6aTeTbHBIME U BPAIATEIBHBIMI YPOBHAMH (YIIeBOAOPOIB, criupThl, C'Oy):



norviomenwe vy (Tak, nonoca noromenust B CHy - 7.9+ 14.5 9B) + neiirpasn-
3allid MOHOB C AUCCOIMaleil MOIEKyJ WIn [oIuMepusaleil, a TakxKe mnepe-
sapsaaka Art +Q — Ar+ Q7T ¢ panbHeiimeii nefirpamusanueit QT Ha Karoze.

Hau6omnbiree yeunenne (10 107) 6e3 paszpsaaos/Ipoboes JocTuraeTcs J06aBKoit
snekTpoorpunareabubix ra3os (CF3Br,CoHsBr...), KOTOpble 06eCHeTnBAIOT
JIOTIOJTHATE/IBHOE TAIlleHNe U 346G SJIEKTPOHOB OT KATOJIA.

M HTeHCHBHBIE TPOLIECCHI IUCCOMMAIINH U IOIUMEPU3AIIANA MOJIEKYJI B XOJIOIHOM
IJIa3Me ra30Boii JJaBUHBI IPUBOIAT K T.H. "cTapennto' cueTanka: 0Opa3soBaHUIO
Ha 3JIEKTPOJIaX HEIPOBOILAIINX MOKPBLITUI, ¢ Jerpajalneil paboThbl CUeTInKa.
BosmorkHast Mepa IpOTUB CTapeHusI - J00aBKa BTOPOrO - HEITOJIMMEPU3YIOIe-
rocst - "racuress'"c MEHBIIUM MOTEHIIUAJIOM HOHH3AINNA s 3DPEKTUBHON
nepesapsaku 1oHoB. [Ipumep - metunans (OCHz)sCHy ¢ 1y = 9.7 5B.



