IIpumep SKCIEPUMEHTAIbLHON YCTAHOBKH LISl HCC/IE10BAHNSA PE30HAHCOB
HACBLIIECHH MOIJIONIEHUs B YaCTOTHOM 00JacTu renepanuu CO,-1a3epa
HHU3KOI0 AaBJeHHUd (IPOJ0JLKEHHE).

BepHeMcst K pacCMOTPEHUIO PE30HAHCOB HACBIIEHHS MTOTJIONICHHUS BCTPEYHBIX
CBETOBBIX BOJIH.

Ilpn yBenmMYEeHMHM MOIIHOCTH JIa3€PHOM CBETOBOM BOJNHBI B  CIEKTPE
HACBILICHUA  TOIJIOUICHWA  MNOSABIAIOTCA  CATE/UIMTBI  MYJNBTHIIETOB — —

MHOTO(pOTOHHBIe pe3oHaHChl KosH-TaHHykHM (Himbert M., Reynaud S., Dupont-Roc J.,
Cohen-Tannoudji C. A new type of resonances in saturated absorption spectroscopy of 3-level system. //

Opt. Commun. 1979. V. 30. N. 2. P. 184-188). Ha cnenyrouux 4-X pucyHKax NpHUBEACH
mynbTUIIET AFE cyneproHkoi CcTpykTypbl cnektpa SiF,. mpu  pa3inuHbIX
3HAYEHUSX MOIIHOCTU BCTPEYHBIX CBETOBBIX BOJIH Ha JuHUHU P(30) renepamuu CO,-
na3zepa. C yBeIMYEHMEM MOUIIHOCTH CBETOBBIX BOJIH CHAaydaja MOSIBUJICS CaTeUIMT 1,
3aTeM — 2 U HaKOHel —3.

3. KpeuioB UM.P. MHOropoTOHHBIE CaTEIUTBl B CIEKTPE HACBIIIEHHOTO
noryomienust raza SiF,. // Ont. u ciektp. 2009, T. 106. Ne 2. C. 222-230.

10MHz



3nech caremuThl 1 W 2 COOTBETCTBYIOT JBYX(OTOHHBIM pE30HAHCAM,
HOSIBJIEHUE KOTOPBIX OOBSICHIETCS HA PUCYHKAX C N300paKEHUEM YPOBHEW SHEPTHUM.

4 A

A
AL 3 :

I

L

i - .

W3 neBoro pucyHka BUJHO, UTO PE30OHAHCHBIN MEPEX0]I ¢ YpOBHs | Ha ypoBEHb

4 moj neicTBHEM HACBILIAIOIIEH BOJIHBI IPOMCXOJUT IPU YCIOBUM @ —kV, = w4,

Es-F
TIe W4] = % — 4acToTa Mepexona Mex1y ypoBHAMU 1 u 4 ¢ sHeprusimu E| u

Ey.

JIByX(OTOHHBII Mepexo]i ¢ ypoBHS 2 Ha YPOBEHb | IPOUCXOIUT MPU yCIOBUU

w
(w0+kV,)—(w—kV,)=w,y. Otkyna kV, = % . TogcTaBuM 3TO BBIpAXKEHHE B

paBeHCTBO @ — kV, = @ 4] ¥ MOIIly4UM 4acTOTy ABYX(OTOHHOIO CATEIUINTA

a)=a)41+T.

CunbHas BOJHA € 4acTOTOM @ —kV, B cucTeMe OTCYETa MOJEKYJ C JIy4eBOM
CKOpOCTBIO V, 00enHsAeT ypoBeHb 1. B pesynbrare 3TOro AByX(p)OTOHHBIX NIEPEXOJ0B

c ypoBHa | Ha ypoBeHb 2 OKa3biBaeTcsi Mano. BoBce mnpeneOperas >TUMHU
nepexonamMu ¢ | Ha 2, nByX(OTOHHBIE MEPEXOAbl C YPOBHS 2 Ha ypoBeHb |
IPOUCXOMAT C TMOIJIONIEHUEM (OTOHA M3 CHIIBHOW BOJIHBI M U3JydeHHEM (POTOHA B
cna0ylo BCTpEUHYI BOJIHY. B pe3ynbraTe cBeT Kak Obl oTpaxaeTcss OT oObema
KIOBETHI 0OpaTHO B CTOPOHY IPUEMHUKA CBETa, (POPMUPYS PE30HAHCHOE YBEIMUYECHHE
MOIIIHOCTH Ha IPUEMHUKE.

a)—kVZ :a)32

AHaHOFHqHO JJIA IIPpaBOI'0 puUCyYHKa
PRROTOPEEE Y (0— k) (0 + 47, ) = 0y



@3]
W3 Broporo ypaBHeHHs ciuenyer —kV, = OTKyJa C YYETOM IEPBOIO

@3]
YPaBHEHHS I10JIy4aeM 4acTOTY BTOPOIO CaTEIUINTA @ = (3) — —

CatennuT 3 COOTBETCTBYET YEThIPeX(OTOHHOMY PE30HAHCY.
dopmupoBaHue YETHIPEX(POTOHHBIX CATEIUIUTOB OOBSACHSAETCS Ha CIEIYIOIIEM

PHUCYHKE.
N A
3 E
\m—k\fz
o +kV,
2 f E
W
1 Lo,
a)—szza)41

(0+kV,)—(0—kV,)+(0+kV,)—(0—kV,) =0,

) St |
4t 27

CarennauTsl MyJIbTUILIETOB O€3 OJTHO3HAYHON MHTEPIPETALIUU.

Ha cnenyrommx pucyHKax NpUBEAECHBI MYJIbTUILUIETI CYTIEPTOHKON CTPYKTYPbI
criektpa moisiekynbl SiF, B npenenax mepectpoiiku CO,-nazepa Ha jaunuu P(38) u
CaTEeJUTUTHI 3TUX MYJIBTUILIETOB 0€3 0JIHO3HAYHON MHTEPIPETALIUH.

4. KpsutoB N.P. BHenHue caTeanThl MyJIBTUIIJIETOB CYIEPTOHKON CTPYKTYPbI
CIIeKTpa HachIIeHus morjiomenus Mojekyiabl SiF,. // Ont. u cnextp. 2013, T. 114.

Ne 5. C. 737-742.



— &

38
— W

-12 -10 -8 -6 -4 6 ' 8 ' 1'0 ' 1'2

B nonp3y Heciy4ailHOCTH CaTEeJIMTOB TOBOPUT TOT (PAKT, YTO CaTEIIUTHI
BECbMa CHUMMETPUYHO pACMOJOKEHB OTHOCUTEIBHO PE30HAHCOB MYJIBTUILIETOB.
YacToTHOE pacloNOXKEHUE CaTeUIUTOB MyJlbTUiieTa AFE  (J1€Bblil PUCYHOK)
MHTEPECHO TEM, YTO MHTEpBaJIbl BHYTpHU map caremnutoB (3,4) (2,5) (1,6), paBHbIe
((2290+20) k', (4595+20) k' u (66954+20) kI'11), oOTHOCATCA TpUMEpPHO Kak 1:2:3.
Hentpsl map caremutoB (-78054+20) kl'u, (-7915+20) kl'1, (-8010+£20) xI'u noutu
COBIIQJIAIOT JPYr C APYroM U C LEHTPOM TsikecTd mynbturuieta (-7805+£20) kI
Kpome Toro, aHanoruyHele caTeJUIUTHI (TOJIBKO MO JIBE Mapbl) MPUCYTCTBYIOT Y JIBYX
IpYyrux OOHApY>KEHHbIX HaMHU paHee MYJIbTUILUIETOB Tuna AFE B mnpenenax
nepectpoitku CO,-na3epa Ha nunuu P(34) mosocer 9.7 MkMm.

OO6cynuM BO3MOKHBIN BapuaHT MHTEPIPETAIIMN CATEIUTUTOB. JIJIsT YMCICHHBIX
OLICHOK MbI BOCIIOJIb3yEeMCsl pe3yJibTaTaMH pacdyera paboThl, B KOTOPOH JJIs1 MOJEKYJI
[IAPOBBIX BOJIYKOB BBIYUCIIEHO TMOJIOKEHUE IMOJYPOBHEW BpAlllaTEJIbHBIX YPOBHEN
SHEPIuM C BpAIlaTEeJIbHBIM KBAaHTOBBIM YUCIOM J OT 0 10 20. MBICIIEHHO NpeIcTaBuUM
cebe, y4acTOK CHEKTpa HACBILEHHUS TMOTJIOIICHUs, B KOTOPBIM Mmomnajgaet ¢pparMeHt
JUHUU KOJieOaTeIbHO-BPAIIATEIbHOTO TepeXoJia C BpallaTeIbHBIM KBAaHTOBBIM
YUCJIOM HWXKHETo ypoBHS J = 19, u BepxHero ypoBHsa J = 20. BpamarenbHblii
ypoBeHb J = 20 COIEpXUT CIEAYIOIIHUE MYJBTUILIETHI MMOAYPOBHEN CYNEPTOHKON
cTpykrypsel: A;FE, F,F,, EF,A, F;F;,, A,F,EF, F,EF, 3Heprun KOTOPbIX
paccuuTaHbl B pa60Te (Domey A.J., Watson J.K.G. Forbidden rotational spectra of polyatomic

molecules. Stark effects and AJ=0 transitions of Ty molecules. // J. Mol. Spectr. 1972. V. 42. P. 135—148) C



TOYHOCTBIO 70 MacmTaOHOTO MHOXHUTenss. CaMu MyJbTHUIUIETHI B ATOW paboTe He
00CYXTaf0TCsl U BIIEPBBIC PACCMOTPEHBI B OoJiee mo3aHel padoTe (Harter W. G., Layer H.
P., Petersen F. R. // Opt. Lett. 1979. V. 4. N 3. P. 90). AHAJOTUYHO ypoBeHb J = 19 conmepxut
MyAbTUIETEL: F ) F, ALEGE, FiF5, EF 1A F F>A,, FoEF;,. MynbTUIIIETHl pa3inyaroTcs
KBAaHTOBBIM YHUCJIOM MPOCKUMHA MOMEHTA MUMITYJIbCA HA OCh CUMMETPHH MOJIEKYJIBI.
[IpaBuna oTOOpa pa3pemarT Nepexoabl MEXKy YPOBHSIMHU C OJIMHAKOBOM MpPOEKIIMEH
MOMEHTA HMIIYJbCa W OJMHAKOBOW CHUMMETPHUEH, OTPAKEHHOM CHUMBOJIAMU
HENPUBOAMMBIX TMpeactaBienuit: A4;, A,, F;, F, E. B pe3ynbrare cynepToHKas
CTPYKTypa JJMHUHU TOBTOPSET COOOM OJUHAKOBYIO CYIEPTOHKYIO CTPYKTYPY HUKHETO
U BEPXHETO YpOBHEW sHepruu. PaccMoTpum moapoOHEE MyNbTHILUIET C HIDKHUMH
YPOBHSIMU dHEPTUH A,FLE 1 BepXHUMU YPOBHIMU EF,A,.

Ha mpumepe »sToro wmynpTuIieTa OOCYIMM BO3MOXHBIA  MEXaHH3M
dbopmupoBanust  cateniuToB. Ha  HWXeciemyrolmeM  pUCYHKE  KUPHBIMU
TOPU30HTAJIbHBIMU JIMHUSAMHM TIOKa3aHbl BEPXHUE W HWKHHE YPOBHHU DSHEPrUU

CIIEKTPAJIILHOTO MyJnbTUILIEeTa A>F>E, KOTOPOMY COOTBETCTBYIOT IEpEX0oabl A, —> A,,

F, > F,, E>E.




Puc.3. [lepexonbl mepeKkpecTHBIX PE30HAHCOB, (POPMUPYIOIIUE CATEIUIUTHI

MynabTuILieTra A,F5E.

HaknonupiMu JAMHUSAMH H300pa’keHbl Mapbl MEPEXOJO0B C OOIIMM BEPXHHUM
ol SN R H o6muM HIKHUM 2N B N2 ypoBHeM 3Hepruu. Ilapa mepexonos ¢

OOILIMM YPOBHEM SHEPTrUU MOPOXKIAET NMEPEKPECTHBIM PE30HAHC, YACTOTa KOTOPOIO
paBHa cpeHeMy apu(PMEeTHYECKOMY 3HAYEHHUIO YaCTOT JBYX CBS3aHHBIX MEPEXOJI0B.
BooO1ie roBopsi, paccMaTprBaeMble CBSI3AHHBIE MEPEXOJbl — 3TO 3alpPElICHHBIE
NEepEXO/Ibl, HO TIOCKOJbKY OHHM CBSI3bIBAIOT YPOBHU DJSHEPrUM C OOUHAKOBOM
cuMMeTpuer F,, MOXHO TPEIINONIOKUTh, YTO ATH TMEPEXOIbl 3alperieHbl Ciado.
OnuH U3 MepeKpecTHbIX PE30HAHCOB C(POPMUPOBAH TMEPEXOJAMU C OOIIUM HHKHUM
YpPOBHEM DBHEPruM, Jpyroi — ¢ oOumuM BepxXHUM YypoBHeM. Ilapa Ttakux
IIEPEKPECTHBIX PE30HAHCOB OKAXKETCS 4YaCTOTHO pACIIOJOKEHHOM B  MaJlou
OKPECTHOCTU MYJIbTUILIETA AL,

Eme mnapa caTeqsuToB B BHIE NEPEKPECTHBIX PE30HAHCOB C HECKOJIBKO
MEHBIIMMU aMIUIUTyAaMU TOSIBSITCSI, €CJIM 3aMEHHUTh OJUH M3 ypoBHEH F, Ha
Onu3Kuil ¢ HUM ypoBeHb F;. COOTBETCTBYIOLIME YPOBHU F; OTMEUEHBl Ha PUCYHKE
TOPU30HTATBLHBIMH OTPE3KaMu 0€3 TOIXOIANINX K HUM CTPEJIOK MEePEX0I0B.

Ha pucynke Hmxe B MmacmTabe MOKa3aH PacCUMTaHHBIA HAMHM Ha OCHOBE
TaHHBIX 00CYXmaeMol paboThl (PparMEeHT CIEKTpa HACHIIMICHUS MOTJIONICHNUS B BUIC
MysbTHILIETa ALF>E ¢ 1ByMs napamu care/uuToB. CaTeuIuThl OTMEUYEHbI TPOMKOM
OykB F, kaxpgas M3 KOTOPBIX COOTBETCTBYET OJHOMY YpOBHIO 3Hepruu. Eciu
caTeJuTUT o0pa30BaH ABYMS TIEPEXOAaMH ¢ OOIUM HMKHUM yPOBHEM JHEPTHH, TO B
ero 0003HaYe€HUU BHU3Y M300pakeHa oJiHa OykBa F, eciau ¢ o0IIUM BEpXHUM, TO —
BBEPXY.

YacToThl pacCUMTAHHBIX PE30HAHCOB B YCJIOBHBIX E€IWHHUIIAX HUMEIOT

cienyromue 3HaueHus: -34645, -25378, -3254, 0, 7056, 23752, 27362.



F, F F,

F, F, F,
| I Ll
F,F, EF, A, F,
F, EF, A, F, Fy

Puc.4. Mynbtumuier AF,E, ¢ 1BymMs mapaMu pacCUYMTAHHBIX CATEJUIMTOB B BU/JIE

MEPEKPECTHLIX PE30HAHCOB.

B »skcnepuMenTte MoxeT HaOMIOAAThCS Tapa CaTeJUIUTOB E'/‘ ER E U
E'\ E./' £ , @ TAKKE Mapa CaTe/uIuToB 4 " 4 N 4 M 4 N 4 " 4 , HO OHH JIOJ)KHBI

MMOABJIATBCA TOJIBKO IIpU OONBIINX 3HAYCHMSIX BpaliaTCJIbHOI'O KBAHTOBOI'O 4YHCJIa

J >20, yem OBUIO MCIIONH30BAHO B TEOPETUYECKON paboTe (Dorney A.J., Watson J.K.G.
Forbidden rotational spectra of polyatomic molecules. Stark effects and AJ=0 transitions of T4 molecules. //

J. Mol. Spectr. 1972. V. 42. P. 135-148), Ha KOTOPYIO MbI OIMMPAJIMChL B CBOEM aHAJIM3C.

BausiHue M0OJIEKYJISAPHBLIX CTOJKHOBEHUM HA IMPHUHY M (hopMY PE30HAHCOB
HACBIIIEHHUS NOrJ0IeHUS].
[Ipu perucrpaunn pe30HAHCOB HACBIIICHUS MOTJIONICHUS MOYXET HU3MEHATHCS
KaK 4acTOTa TOJIbKO OJTHOM M3 CBETOBBIX BOJIH, TaK M OJHOBPEMEHHO YaCTOTHI 00EUX
CBETOBBIX BOJH. Eciii M3MEHSI0TCS 4acTOTH 00€UX BOJIH, TO MIMPUHA PE30HAHCA

Aa):l“(l+m>.

Ecau u3MeHseTCs 4acToTa TOJIBKO OHHOﬁ BOJIHBI, TO IIMPHHA PE30HaHCa BIBOC

1 1)R?
oonpmie. 3mech G=| —+— — (QaxTop HachllleHUs WM Oe3pa3mMepHas

7 72 )20

MOIIIHOCTh CHJILHOM CBETOBOM BOJIHBI, R = — ygactota Pabu, I' — ckopoctb

P&y
h
3aTyXaHUs HEAUArOHAIIBHOTO 3JIEMEHTA MATPULBI ITIOTHOCTH.
Ecmu ycTpeMuTh MOIIHOCTh CWUJIBHOW CBETOBOW BOJIHBI K HYJIO, TO HIAPHHA

pe3oHaHca
Aw=2I"

WM BABOE OOJBINE, €CITM CKAHMPYETCS YacTOTa TOJBKO OJHOW W3 JBYX CBETOBBIX

BoiH. Torma [° — monymmpwHA Ha TMOJYBBICOTE PE30HAHCA HACHIIICHUS

ITOTJIOIIEHU.

1). llupuHa pe3oHaHca NPy OYeHb HU3KOM JaBJICHUU Ta3a.

[Ipy HU3KOM AaBJEHUM Ta3a HIMPUHA PE30HAHCA MOXKET ObITh OUYEHb Mana. B
ATOM cllydyae ONpeeNsiiollee BIMSHUE Ha WUPUHY U (OpPMY pEe30HAHCA MOTYT
OKa3bIBaTh amnmaparHbie yiupeHus. OIHO U3 HUX CBSI3aHO CO BPEMEHEM IpoJieTa
MOJIEKYJI MOMEpEK JiazepHoro Jiyda. [IposeTHbie ycnoBusi, B KOTOPBIX BpeMsi MpoJeTa




OKa3bIBaeTCsl OmpenensomuM (HaktopoM (GopMbl pe3oHaHCA, OYAYT pacCMOTPEHBI
OT/EJBHO.

[IponeTHbiMU 3 (dexkTamMu MOXKHO MpeHeOpeyb MPHU OYCHb IMUPOKON KIOBETE C
ra3oM M NpU OYCHb MIMPOKOM CBETOBOM myuke. be3 yuera mposeTHbix 3¢ddexros
muprHa ~ pe3oHaHca  Aw=2"  onpexmensieTcsi ~ CKOPOCTBIO  3aTyXaHHs
HEIMarOHAIILHOTO dJJIeMeHTa MaTpuilbl TuIOTHOCTH ['.  CKOpOCTh  3aTyXaHUs
HEIMarOHAILHOTO DJIEMEHTa MATPHIIBI IUIOTHOCTH B CIIy4yae, €CIM CTOJKHOBEHHS
MOJIEKYJT MOYKHO CUHTATh OYEHb PEAKUMH, MOXKET OBITh BBIpXKEHA Yepe3 CKOPOCTH
3aTyXaHHs JUArOHaJbHBIX DJIIEMEHTOB MATPHIIBI INIOTHOCTH.

CKOpOCTh 3aTyXaHMs, HAIpUMeEp J,, AUATOHATIBHOIO 3JIEMEHTA MAaTPHUIIbI

INDIOTHOCTH O 9o ObLIa BBC€ICHA HaMU (I)CHOMGHOHOFI/II{CCKI/I A1 COrjIaCOBaHUA C
3KCHepI/IMCHTaHBHOﬁ 3aBUCUMOCTBIO CIIOHTAHHOTO 3aTyXaHUA
_ LTt
P2 (t)=p2(0)- 7.
IIo OIIPCACIICHHUIO 3JICMCHTBI MATPHIIbI IINIOTHOCTU CBsA3dHbI C aMINIMTyJdaMHU

* —7 t
BEPOSITHOCTH COOTHOIICHUEM L, = <an a, e '“n > . Torna
no MoJjieKyiam

%k
P2 = <a2 a2> .
no MOJleKleaM

CJ'ICI[OBaTeJ'IBHO, aMILIIUTyla BEPOATHOCTH a,H Y6BIBaeT BO BpPCMCHHU BJIBOC
MCIAJICHHEEC, YHEM CaMa BEPOATHOCTb pyy:

_n
_ 2
az(t)—az(O) e
HanmomMHMM, 4YTO aMIUIMTYIBl BEPOATHOCTH a; — 3TO KOI(Q(OUIUEHTHI
Pa3NIOKEHUS

BOJIHOBOM (yHKiMU Y 10 CcOOCTBEHHBIM (YHKIMSIM {y/k} HEBO3MYIIEHHOTO

oneparopa ['ammisTona H, oWV =Ewy.

HGI[I/IaFOHaJILHBII;'I 9JICMCHT MaTpulbl IINIOTHOCTH B  COOTBCTCTBHMU C
OIIPCACIICHUCM:

Ny Ny _ntra, . ,
* 7 t -1l -1l
p21=<alaze’w21> ~e 2e 2e M= 2 ¢ P,
no moJjieKyiam
n+r
Torzma 7% — CKOpOCTS 3aTyXaHHS HEIMATOHAIEHOTO SNIEMEHTa MATPUIIE

IUNIOTHOCTH P51, U

+
r=177
2
HexoTopble BUABI MOJEKYJSPHBIX CTOJKHOBEHHMM HApYIIAIOT 3TO PABEHCTBO,
HO ITPpH NPEACIIbHO HU3KOM JIdBJICHUU I'a3da CTOJIKHOBCHHA MOKHO HC YUHUTHIBATh.



[Ipy HyneBOM [aBieHWHM Ta3a CKOPOCTH 3aTyXaHWs JHATOHAIBHBIX U
HEJIMaroHaJIbHBIX AJIEMEHTOB MATPHIIbI IJIOTHOCTH OyJeM OTMedaTh HOJUKOM. [Ipu
HYJIEBOM JIaBJICHUU

{71=710 s 1“:1“0:7/10 720

Y2 =720 2

Torga mpyM HU3KOM JABJICHMM Ta3a M MaJIOW MOIIHOCTA CBETOBOTO Jiyda
IMpPUHA pE30HAaHCa

Aw=2I",

YTO COBIAAAET C €CTECTBEHHOW IIMPUHOMN JIMHUH HNOTJIOIECHUS OAUHOYHON MOJICKYJIbI
0e3 yuera MOJICKYJIIPHBIX CTOJIKHOBEHUH.

[[lupyHa NUHUKA TOTJIOLICHUS COBIAJAECT C IIMPUHOM CEUYEHUS MNOTJIOLICHUS,
JUIs1 KOTOpOro Oblia mosrydeHa opmyna:

Q .
o=0)"%| — rne Q=w- kV. —w — pacCTporuKka 4YacTOTBI CBCTa B
0 T > z 21
CHUCTEMEC OTCUCTA MOJICKYJIBI OTHOCUTCIBHO 9YaCTOThI ITOTJIOIIAIOMICTO CBET IIE€PEX0aa,
@ p2
O 0= 2 = AMIUIUTya CCUYCHUA IO JIOIICHUA.
&‘Ohcnor
2
4rwp

B cucreme CI'C I'aycca o) = Tl

Jlnst aTomMa M3 KIIACCUYECKUX COOOPaKEHUM MOXKHO J1aTh OIIEHKY CBEPXY IS
CKOPOCTH 3aTyXaHHUs JUIOJSA. DTa CKOPOCTh 3aTyXaHUsl 3aBUCUT TOJBKO OT YaCTOTHI
W3JIy4CHUS TUTOJIS.

B Bakyyme

=),

CpGI[H?I?I 10 BPECMCHU MOIITHOCTDL U3JIYUCHUA JUITOJIAA BO BCC CTOPOHLI

52 (sin% (@
<P> Iy, <‘§‘>Q _ <p >t< ( )>Q .

S <p2>t sin? (6) ) <p2>t sin? (6)

- - &, 2
EAY) = 2 (8?) - =
[ ]‘ t Ho t Ho 167[2502r204 167r2€0r203

47‘[6‘063
T .
<sin2 (49)>Q = Jsinz (6’)% = E[sm2 (0) 27[811;5:9)‘19 _ %
)
< P > 2 4
DPo@
<P> = 6 t3 = v 3
megc”  12mgyc
B cucreme CI'C T'aycca:
I P %) sin?(0) () (sin(0)
’E<S>f<4ziE’H1>=4ﬂ<E2>:<ﬁ;zcs <><><><>
7 , 2op?) 2.4
<sin2(0)> =gjzsin2(0)ﬂ:ésinz(g)z”“zgr@)d@:i () <i3>z:P;)C3



3,Z[€CB <P> — CpCaHgAsd MO BPEMCHU MOINHOCTHL HM3JIYUYCHHA JUIIOIA BO BCC

CTOPOHBI, p — DJEKTPUYECKUH JAUMONBHBIE MOMEHT, p, — AaMIUIUTYyJa
rapMOHUYECKHX KOJICOaHHWH IUMOIBHOTO MOMEHTa, @ — IUKIMYECKash 4acToTa
KOJIeOaHUI.
r p2w4 2T
Iycts p(t)=pe” ' cos(awt). Torma (P)=—"L—e "
3
127 c

[lonHas sHEprust IUMOJNA U3MEHAETCS, KaKk MAaKCUMYM KHHETHYECKOW YHEPTHH
KoJie0aHus NIEKTPOHA

W(l‘) _ meVnZlaX (t) _ mea)zxrznax (t) _ mewzx(% 2I't _ mewng -2I't
2 T 2 T2t Tt

rac p(l) =—e- X(Z) JUIIOJBHBIM MOMEHT aToMma, x(t) — CMCIICHUEC OCHTPA MaccC

AJIEKTPOHHOI0 00JIaka aToMa, e — MOJYJb 3apsija dJIEeKTPOHa.
Huddepenuupyem paBeHCTBO ISl 3HEPTUU W 1O BpEMEHU U HAXO0JIUM

2 2
aw __ mea) por e_21"t
dt 2

C npyroii CTOpOHBI, 110 3aKOHY COXPAHEHUsI SHEPTUU YOBLIIb JHEPTrUU aToMa
paBHA PHEPTUU U3IIYUECHUS AUIMOIS

aw _ <P _ P(%CU4 2Tt
—=—(P)=—""—7¢ .
dt 127¢4c

. aw
[IprpaBHUBast 1Ba BBIpAKEHUSA U1l IPOU3BOIHOM 7 IIOJIy4aeM
t

F:l— eza)2

B 3
T 12zm,&yc
CKOpOCTb 3aTyXaHHs AMIONA I’ 3aBUCUT TOJIBKO OT YacCTOTHI M3JIy4CHUS JUIOISA @ .

. 1
Tak pgna  cBeTtoBOM JAnMHBI BOJMHBI A =1mkwm nomydaem @) =1.88- 101° -,
c

r~1.11-107 l u £ ~1.18-108 ~10® — orHOCHTETBHAS IIMPHUHA OJTHOPOJHOM
C 0)0

t

Ft — e T .

CHEKTpaJIbHOU NTMHUU. 3/1ech [T — KOHCTaHTa B BHIPAKEHUH p ~ €

B cucreme CI'C I'aycca

2 4
Po® 2Tt
363
ITonHast sHEPTUS AUTIONS U3MEHSIETCS, KaK MAKCUMYM KHHETHYECKOM SHEPTHHU KOJICOaHMsI SJIEKTPOHA
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Iycts p(t)zpoe_r cos(er). Torpa (P)=

W(t):meVnzlaX(’):mewzxrznax(’):mewzx(% e—ZFt:mea)ng 2t
2 2 2 2e2
Otkyna
aw_meo” i oy
dt o2 )



C npyroii CTOPOHEI, 110 3aKOHY COXpaHEHHS YHEPTUH

aw 4 (% o' 2Tt
7__<p>:_7e .
dt 303

aw
HpI/IpaBHI/IBaH JBa BbIPpAXKCHUS I 7 , [IoJIy4aeM
t

2 2
F:l_e [0

v 3mec3

B atHX pacyeTrax moapa3ymeBaeTCs, YTO DJEKTPOH BeJeT ceOsl, KaK TodeyHas
gacTtura. Ecnm ydecTs, 94To 3JIGKTPOH MOXET BECTH ce0sl, Kak 00J1aK0, TO OJHA YacTh
3TOro o0jlaka MOXET JBUTAThCS B OJHY CTOPOHY, a Jpyras OJHOBPEMEHHO — BO
BCTPCYHOM HAINpaBJIICHUH. B 3TOM ciydae KHHETHYECKas SHEPrUsl SJCKTPOHHOTO
obiiaka Oynet OosbIas, a OCHUUIMPYIOMIUKM TUMOJBbHBIM MOMEHT — HeOobInoi. B
pe3ynbTaTe CKOPOCTh IMOTEPH SHEPTHH OKAKETCS MEHBIIE, YeM B OIICHKE C/ICJIaHHOMN
BBIIIIE.

I[J'I?I MOJICKYJIBI BMCCTO MACCBl QJJICKTPOHA m HY’>KHO IIOACTAaBUTH

e
NPUBEACHHYI0 Maccy KoJie0aHUsl, YTO MHOTOKPAaTHO YMEHBIIAET BO3MOXKHYIO
CKOpOCTb 3aTyXaHus aunous I .

N eme onno 3amevanue. IlycTb B HayaibHBIE MOMEHT BPEMEHHM aToM (WJIU
MOJIEKYJIa) HaXOJUTCS Ha BEPXHEM YPOBHE HHEpruu mnepexona. Torma coriacHo
MOJIYKJIACCUYECKOMY TPUOIMIKEHUIO B HAYaJIbHBIH MOMEHT BPEMEHH OTCYTCTBYET
JUTOJIbHBI MOMEHT M MOIIHOCTh M3JIy4Y€HHUs JOJKHA OBbITh paBHA HYN0. CKOPOCThH
pacnaga (CKOpOCTb 3aTyXaHWs MOIIHOCTH U3MydeHus 2I°) J0JDKHA OKas3aThbCs
¢dbynkuueir Bpemennu. OKa3pIBaeTCs, C YYETOM BTOPHUYHOTO KBAHTOBAHHS MOITHOCTH
CIIOHTAHHOT'O U3JIyYEHHS] MAKCUMaJIbHA UMEHHO B 3TOT HAYAJIbHBI MOMEHT BPEMEHH,
a CKOpoCTh pacnana I' mocTosiHHA BO BpeMEHU. DTO CBA3aHO C TEM, UTO B KBAHTOBOI
TEOPHUH TOJISI CIIOHTAHHOE M3JYYEHUE OMPENEIACTCS HE JUIIOJIbHBIM MOMEHTOM, a
GIyKTyanusiMd  TUTIOJIBHOTO MOMEHTa, KOTOPhIE MAaKCUMAaJbHBI, KOT/Ia aToM
MOJIHOCTBIO HAXOJAUTCSA HA BEPXHEM YPOBHE 3HEPTUuu. IHTEPECHO, UTO BBIHYKIECHHOE
CBETOM H3JIyYeHHUE (B OTJIMYME OT CIHOHTAHHOTO M3JIYy4Y€HUs) NEUCTBUTENIHO MOYTH
OTCYTCTBYET, KOI/Ia aTOMbI (UJIM MOJIEKYJIbl) C €IMHUYHON BEPOSITHOCThIO HAXOATCS
Ha BEPXHEM YPOBHE SHEPIHUHU.

3aMeTuM, 4TO OINKMCAHUE CKOPOCTHU PAaCIa/ia BEPXHETO YPOBHS MEPEX0OA OJHOM
KOHCTAHTOW HE BIIOJIHE KOPPEKTHO. Jlyumie pa3nenbHO Y4YWTHIBaTh pacmaj Ha
HWKHUW YPOBEHB IEPEX0a U Ha BCE OCTaJIbHbIEC YPOBHH.

2). YiupeHue pe30HaHCOB HACKIIICHUS HOTJIONICHUSI HEYIPYTUMHU TYIIAIUMU
CTOJIKHOBEHUSIMU MOJIEKYIJL.

Tymenne — 3TO HEYNpPyrue CTOJIKHOBEHHUS C HM3MEHECHHEM BHYTPEHHEH
SHEPTrUM MOJIEKYJIBI, TO €CTh C MEPEXOJIOM MOJIEKYJIBI C OJJHOTO YPOBHS 3HEPIUU HA
IPYTOM.

Paccmotpum, kak 4acTtoTa Tymlamyx CTOJKHOBEHUM BIMSIET HA IIUPUHY
PE30HAHCOB HACBHILIEHUS ITOIJIOLECHHUS.

CkopocTh 3aTyXaHHs ) YPOBHA k mMeeT (PU3NYECKUI CMBICI 4aCTOTHI yXOZa

OJTHOM MOJIEKYJIBI ¢ YPOBHSI k. UTOOBI MOHITH 3TO PAaCCMOTPUM IMOBEACHHUE MOJIEKYJI
6e3 cBeTOBOrO NoJisi U 0e3 Hakauku. Torga



d
Pkt ViPric =0 = Pk 7 kPl =

dt
d(Npw.) N N 5
—T = ]/kpkk ) Trac — YUCJIO MOHeKy.TI B HCKOTOPOM 0O0BEME.
ITycTh B HyJIEBOM MOMEHT BPEMEHH BCE MOJIEKYJIBI HAXOIATCS HA YPOBHE K , TO

€CTb Oy (O) =1. Toraa B HyJI€BOil MOMEHT BPEMEHU:

_AWeu) _y,
dr|_, k
3nech N py;, — 4YUCIIO MOJIEKY]I HA YPOBHE K ,
d(N
_% — CKOJIbKO MOJIEKYJI B €MHUILY BPEMEHU YUAET ¢ YPOBHS k WIIH

yacTtoTa pacmnaia ypoBHs k miuss N Monekyin. CregoBaTenbHO, MHpaBas 4YacThb
paBeHCcTBa Ny — 3TO TOXKE 4acTOTA pacnana ypoBHs k 11 N MOJIEKyJI.

Torna y;, — d4acTtoTa pacmaga ypoBHS kK A OXHOM MOJEKYJbl WM, Kak

TOBOPSIT, CKOPOCTh 3aTyXaHUsl YPOBHS £ .
Torma y;, — 4YacroTa CHOHTAaHHBIX NEPEXOJOB C YPOBHSA Kk WU CKOPOCTh

3aTyXxaHusl ypOBHA k TP HYJIEBOM JaBJICHUU rasa.
O0603HaYMM YaCTOTY TYIIAIUX CTOJIKHOBEHUHN JIsI MOJIEKYJIbI Ha YpOBHE £,
KaK y; .

myw

CyMMmapHasi 4actoTra JABYX CTAaTUCTHYECKHM HE3aBHUCHUMBIX MPOILIECCOB paBHA
CyMMe€ YacTOT, TOT/Ia 1T OJTHOM MOJICKYJIBI YaCTOTa YX0/1a C ypOBHA k OyneT paBHA
CyMM€ 4YaCTOT [JBYX IPOILECCOB: CIOHTAHHBIX NEPEXOAOB U HEYNPYTHX
CTOJIKHOBEHHU

Vi =Viko 1t 7k

myw

Otkyna
N=rotn

myw

72=720%72,,,

it N0+720 , Ve T 2o
I'= y - ) + 5 =T +rmym’
VST )
rae Ty = myw 5 myu

H_[I/IpI/IHa PE30HaHCA HACBIMICHHOI'O IMOTJIOIMICHHAA
A©=2T=2(To+T )

OpU  YCJIOBHM, YTO MOXHO TMpeHeOpeub YUIMPEHHEM pEe30HaHCa MOIIHOCTHIO
Ja3epHOro Jyya.
PaccMoTpHM, OT 4ero 3aBUCHUT 4acTOTA TyIIAIUX CTOJKHOBEHUM ) .

myw



Yk 3aBUCUT OT YacTOTHI JIIOOBIX CTOJKHOBEHUM MOJICKYJIbBI W OT
myu

BEPOSITHOCTU TMEpPEXo/ia C OAHOTO YPOBHSI SHEPTUM HA JAPYTOM B pe3yjbTaTe OJHOIO
CTOJIKHOBEHHUSI.
ITycte B, — BEpOATHOCTH IIEPEX0Jia C YPOBHA kK Ha YPOBEHb 1 B PE3YJbTaTe

OJIHOTO CTOJIKHOBEHHSI pACCMAaTPUBAEMOU MOJIEKYJIbI C APYTOU MOJIEKYJION.
Ecau nepexon @, pa3pelieH B IUIIOJBHOM MNPHONMKEHUH, TO IMEPEXOJ

BO3MOXXCEH 11O ,Z[GﬁCTBI’IGM SJICKTPUYCCKOI'O IIOJII Ha YaCTOTC @, . QHCKTPH‘ICCKOG
Imoje Ha 4YacToTe @,; MOXKET BO3HHKHYTb B PC3YJbTATC JJIICKTPHUICCKOIO

B3aUMOJIEMCTBHA JBYX CTAJIKMBAIOLIUXCSA MOJIEKYJ, €CIIM CHJIa B3aMMOJEHCTBH, KaK
(GyHKIUSA BPEMEHH, UMEET 3aMeTHYI0 Dypbe COCTAaBIIAIONIYIO HAa YacTOTe @, . Cuna
paBHa MMHYC T'PaJMEHTy IOTEHIMAILHOW JHEPrUH, TOTJA COCTABIIAIOIIAs CUJBI HA
YacTOTE @, ONPENEIAETCS COCTABIIAIOIIEH NMOTEHIUAILHON DHEPIUUM HA TOM XK€
4acToTe.

Kak noka3ssiBaeT Teopus

1 2
Pkm:h_z‘G(a)mk) , Tae
+00 .
G(w)= J Vi ()€ “'dt — Dypbe 06pas marpuanoro snementa V(1)

—00
MOTCHLMANBHON dHeprun V (1), Kak (yHKIMM BPEMEHH ¢ B POLECCE CTONKHOBEHHSI
JABYX MOJIEKYIL.

BepoATHOCTE yX0Ja MOJIEKYJBl C ypOBHS k& Ha J000H YpOBEHb DaBHA
B :ZPkm, HO OTO PABEHCTBO, KaK M IPUBEIECHHOE BBILIE BBIDAXKEHUE [, IS

m
BEPOSATHOCTH JHEPreTHYECKOTO IEPexXoa 3a OJHO CTOJKHOBEHHE IBYX MOJIEKYJI,
CIPaBEIIMBO TOJBKO IIPU YCJIIOBUM BBINOJHEHUS HEpaBeHCTBA [, <<1, Tak Kakx

BBIPAXKCHUC IJI1 Pkm HE YUUTBIBACT BO3MOKXHOCTb MHOI'OKPATHBIX IIEPCXOA0B Tyda U
O6paTHO 3a OAHO CTOJIKHOBCHHUC. Ecau Benuuunbl P Jon BCJIMKH, TO AJIs1 HPUBEACHHOI'O

BBILLIE BBIPAKCHUs P, HE BHILIOIHSICTCS ycinoBue » P, <1.

m
HpI/I OOJIBIINX 3HAYEHUIX CYMMBI ZPkm CUHUTAIOT, 4YTO BEPOATHOCTDL yXOJa C
m
YpOBHS k 3a OJHO CTOJKHOBEHHE Oy/eT paBHa:
2 B
P, k= l—e ™

YacroTa Tymamux CTOJKHOBEHUH Jj 3aBHUCHUT OT BEPOSATHOCTH TYILICHMS
myut

P, 3a 0HO CTOJIKHOBEHHME, KOTOpPas 3aBUCUT OT MaTpPUYHOIO djeMeHTa V. (t) B
CBSI3M C ATUM PACCMOTPUM BO3MOKHBIE MOTEHLMAIbl B3aUMOJICCTBHUS MOJICKYJI
V(r).

IToTeHnuanabl B3aMMOJEHCTBUS MOJICKYI.

a). JIumosb — AUMOJIbHOE B3aUMOICHUCTBUE.




1

V~—3 — 3aBHUCHMOCTD HOTGHHH&HBHOﬁ 9HCPIrun BSaHMOHeﬁCTBHH oT
r

PACCTOSAHUSA MEXKIY ABYMS JUIIOJIIMU MOJIEKYIL.
YroObl  OOBACHUTH 3Ty 3aBUCHUMOCTb, HAIlOMHHMM  BBID@KEHHE UL
HANPSHKEHHOCTH 101 JJIEKTPUYECKOTO JTUIIOJIA
= 1 (Plarlz)rlz P 1 =
E,= 3 - ~—, TIne FE;; — HanpsOHKEeHHOCTbH

5 3
12 12 T2

QJICKTPHUYCCKOI'O II0JIA TOYCYHOI'O JWIIOJNIA ]_51 B TOYKEC, paanyC-BCKTOp KOTOpOﬁ
paBCH ’_;12 IIprn yCJIOBHH, 4YTO HAYaJI0 KOOpAHHAT COBIIaAacT C IIOJOKCHUCM

TOYCYHOT'O JHUITOJIA ﬁl .

S op 1 - o
Torma V = —( Dy, E 12) ~—~ — NOTEHUMAJIbHAS SHEPrUs JUIONA P, BTOPOH
"2

MOJIEKYJIBI B 3JIEKTPUYECKOM I10JI€ £, TIEPBOM MOJIEKYJIBI.

B pesynbraTe nomydaem

1
V ~ — -
r
0). Aurons — KBaJpymnoJbHOE B3aUMOJICUCTBHE UMEET MOTCHITUAT
1
V ~ I
r

TaK KaK HAIPAKCHHOCTb JJICKTPUYCCKOI'O II0JIA, CO31aBacMOr'o JJICKTPHUYCCKHUM

KBaJpPYyIoJEM E~ crmagacTt ¢ paCcCTOAHHUEM Ha OJHY CTCIICHb 7 6I>ICTpCC, 4qeM

—
r
HaIpPsKEHHOCTD TOJISI TUIOJIA.
B). KBaspynosp — KBaApynoJibHOE B3aUMOIEUCTBHE UMEET MOTEHLIAAI
1
V~—=,
r
. 1
TaK KaK JeHCTBHE I0IIe U0 HA KBAAPYIO/b ONHMCEIBACTCA NOTEHIMANIOM V' ~ — -,
r
a IoJie KBaJpyIoJisi CIalaeT C pacCTOSIHUEM 7 Ha OJHY CTENEHb ObICTpEe, YEM I0JIE
JUIIOJIS.

r). B3aumoaeiicTBue 1umosib — HaBEJIESHHBIN JUIIOIb UMEET IMOTEHIINA BUIa

1
V~—,
r
- 1
TaK KaK I0Jie KECTKOr0 JIUIONA Py UMEeT BUJ £y ~—, a BEIMYMHA HABCJCHHOTO
r
IWIIONA P 5 , IPONOPLMOHAILHOTO 3TOMY 1oJIt0. ClleJ0BaTeNbHO,

1
Pr~Ep~—.
r



[Torenunan B3aMMOAECHCTBUS AUIIOIb — HABEJICHHBIN JUIMOJb — 3TO YHEPIrUs
B3aMMOJZCHCTBHS HABEIEHHOI'O TUIIOJSA P, C HOJEM Fs:

1,. = 1
V=—5( 2>E12)~r—6-

n). JlucnepcuoHHOE B3aMMOAECHCTBHE TOKE UMEET OTEHIMAT BU/1a
L
r

DTO B3aWMOJICUCTBUE OMPEAEISETCA KOPPEslUel OpUeHTAIMd MTHOBEHHBIX
3HAYECHUW JUIIOJIEN JBYX aTOMOB.

JInsi mOHMMaHHWS 3TOrO0 B3aMMOJEHCTBUSL HY)XKHO pazo0paTrbcsi B TOM, Kak
B3aMMOJEHCTBYIOT APYr C APYrOM JBa aToMa BOJAOPOJa, KOTJa OHM HAXOIATCS Ha
HEKOTOPOM PACCTOSHUM, TaK YTO MOXHO MpeHeOpedb MEePEeKPbITUEM 3JIEKTPOHHBIX
000JI0YEK aTOMOB.

OavH BapuaHT ONHMCAHUA COCTOMT B TOM, YTO KaXIblii U3 JBYX aTOMOB
NpeicTaBiAeT cOO0M MOJOKUTEIBHOE AP0 M CUMMETPUYHO pa3Ma3zaHHOE BOKPYT
sampa DJIEKTpOHHOEe o0mako. B Takom ciydyae Kaxawlii artoM CchepuvecKu
CHUMMETPHUYECH, U HUKAKOTO B3aMMOJEHUCTBUS MEXKY aTOMAMU HET.

Bropoli BapuaHT onMcaHus COCTOUT B TOM, YTO Ka)KIBIM 3TOM — 3TO Iapa

3apsA0B MPOTUBOIOJIOKHOTO 3Haka. [Tapa 3apsanoB — 310 aAunosas. J[Ba aroma — 310

JIBa IUIIOJIA. (U101 — AUIOJbHOE B3aUMOJICHCTBUE UMEET NOTEHIHAI V ~ -
r

Ha camom gene peanusyeTcs TpeTHd BapuaHT C  IOTEHI[MAIOM
B3aUMOJEUCTBUS V ~ —.

r6

J1eno B TOM, YTO IIPAaBWIIBHOE KBAaHTOBOE ONKCAHUE JIBYX ATOMOB BOJIOPOJA —
3TO OMNHCAaHUE B BHUJE BOJHOBOW (YHKIMHU YETHIpEX 3apsAAoB, KaxKaas Mapa u3
KOTOPBIX HMMEET DJHEPIUI0 KYJOHOBCKOTO B3aMMOJCHUCTBUA. MexXIy JTUMHU
yacTulaMu OyIyT U MarHWTHbIE B3aMMOAEWCTBHUS, IJISl HAC ceiuac 3To HeBaxHO. OT
CYMMapHOW SHEpPruM OJTHUX MLIECTH TMAapHBIX B3aUMOACHCTBHI OyneT 3aBHCETb

BOJIHOBAsl (DyHKIMS YEThIPEX 3apsHDKEHHBIX YaCTHUIL \I’(FI,FZ,F3,774). Ecmu atomsl

JNOCTAaTOYHO JAJNEKO APYr OT APYyra, TO MOTEHUMAJIBHYIO SHEPIHIO YEThIPEX YaCTHLL
MOXHO IPEACTaBUTh, KAK DHEPTUI0 B3aUMOIEHUCTBUS KAXKIOIO 3JIEKTPOHA C SIAPOM
CBOEr0 aTOMa IUIKOC JHEPIUI0 B3aWMMOJEWUCTBHSA ABYX OJJIEKTPUUYECKUX JUIIOJIEH.
O603HaunM mnocnenHiow 3Hepruto OykBoil U. IlonHast sHeprust IByX aTOMOB HE
Oynetr mMerh cmaraemoro U, Ttak kak U 3aBUCUT OT MTHOBEHHOW B3aMMHOM
OpPMEHTALMM JUIIOJNEH, a II0JHAs DHEpPrus JABYX AaTOMOB 3aBHCUT TOJBKO OT
YCPEIHEHHOM MO BPEMEHU BSHEPIrHUM B3aMMOACHCTBUA AUINOJNEH. Tem He MeHee,
HEKOTOpasi 100aBKa B MOJHYIO SHEPTUI0 BO3HHUKAET 3a CUYET TOr0, YTO MIHOBEHHBIE
IUTOJIA  TPEANOYUTAIOT ObITh OPUEHTUPOBAHBI TaK, YTOOBI JHEPrusi uX
B3auMoiericTBusl U Obuta Obl OTpUIIATEIBHOM.



. . 1
9H€pI‘I/ISI B3aMMOJCHUCTBUA ABYX MIHOBCHHBIX IUIIOJICHU U~ 3 5 3 HECTPOIrux
r

KIaCCUYCCKHX COO6pa}KCHI/II>’I CIeaAyEeT, 4TO BEPOATHOCTH PA3JINYHBIX OpI/IeHTaHI/Iﬁ
MI'HOBCHHBIX I[PIHOJICﬁ IMOAYHNHAIOTCA pacnpeaciaicHnIo BOJIBHMaHa u
U

IPONOPIMOHANBHEl e KT zl—k—T. 31ech €AMHUIY MOXKHO HE YYUTHIBaTh, TaK Kak

PaBHBIC BCPOATHOCTH PA3JINMYHBIX OpI/IeHTaLII/Iﬁ MI'HOBCHHBIX I[HHOJ'IGﬁ O3Ha4aroT
OTCYTCTBHUC BSaHMOﬂeﬁCTBHH B CpCAHCM. Ham BaxxHa TOJIBKO I[06aBKa K BEPOATHOCTHU

U . .
- ]_—LO6aBKa K CpC€AHCH OHCPruu B3aMMOIACHUCTBUIA V IMpOIIOpOUOHAJIbHA

kT

I”3

COCTOSIHUSI C 3TOM sHeprueil. Torma cpemnsisi m00aBKa K DHEPTUU B3aUMOJICHCTBUS
UMEET BUJ

. 1 U
MI'HOBCHHOU JHEPIHUH U~—mn IMPpOIMOpIUOHAJIbHA ,Z[O6aBK€ K BCPOATHOCTHU _k_T

1
VeU?~—.
I’6

U
B ¢dopmyne e T zl—k—T B KadecTBe OHHEpruu kI HYXKHO TIOJICTAaBUTH

BEJIMUMHY, KOTOpas IOJIy4aeTcs, €ClIM NPUPABHATH KHHETHUYECKYI0 JHEPTHUIO
3
AJIIEKTPOHA B aTOME BOAOPO/IA K BEIHUYHHE EkT .

¢). OOMeHHOE B3aMMO/ICHCTBHE UMEET IMOTCHITNA BHUAA

Vp®.e P

OOMeHHOE  B3aMMOJIEHCTBHME  CBSI3aHO C  TOXKICCTBEHHOCTBIO  WIJIHM
HEPa3INYUMOCThIO IJIEKTPOHOB.

[IpoBenemM HeKOTOpOE KAa4ECTBEHHOE PacCMOTPEHHE, KOTOPO€ HE TOJbKO HE
CTpOro, HO M BOOOIIE HEKOppPeKTHO. TemM He MeHee, IPHUBEACHHBIC HIDKE
pacCyXIeHus TMO3BOJSIOT MPEANOJIOKUTh HAIMYMEe OOMEHHOTO B3aMMOJICUCTBUS,
KOTOPOE JIEUCTBUTEIHLHO MOTYYaeTCsl B pe3yJIbTaTe TOUHOT'O PEIICHUS 3a/1auHu.

ITycth ‘P(Fl,Fz) — BOJIHOBasi (PyHKLIMSA KOOPAWHAT JBYX 3JEKTPOHOB B JABYX
aToMax BOJOpOAA.
N3 TOXKIOECTBEHHOCTH JJIEKTPOHOB CJEAYET, YTO BEPOSITHOCTH COCTOSIHUA C

INEPECTABJICHHBIMU JJICKTPOHAMM TaKasad XKE, KaK BCPOATHOCTL COCTOAHHA C HC
MNEPECTABJICHHBIMHU 3JICKTPOHAMMU. Torz[a

2 __\2
“P(rl,rz)‘ :“P(rz,rl)
PaBencTtBO MOmynel 0O3HA4aeT, 4TO JBa KOMIUIEKCHBIX YHUCIA OTIMYAIOTCA
0 .

1
TOJIBKO (i)aSOBBIM MHOXKHNTCIIEM e

-~ = i ~ =
\P(rz,rl) =70 -‘P(rl,rz ) , TII€ @) — BELIECTBEHHOE YHCIIO.



JIBE mepeCcTaHOBKH 3JIEKTPOHOB HUYETO M HU B KAKOM CMBICJIE HE U3MEHSIOT.
[ToaToMy
2i i
70 =1 e?0 =41,

Tor):[a BO3MOJKHBI JIBA BaApHaHTaA:

=>

mbo W (rz,rl) =¥, (rl,rz), ¥ BOJIHOBasi QYHKIIMS JABYX DJICKTPOHOB CUMMETPHYHA
OTHOCHUTEJIBHO UX MEPECTAHOBKH,
mbo ¥, (172,171) =-Y¥, (171,172 ) , 1 BOJIHOBasi (PyHKIIUSI aHTUCUMMETPHUYHA.

Jltst OXHOMEPHOIT aHTHCHMMETPUYHOM GyHKIMH f (X) HMeeM:

S(=x)==1(x) = f(0)=0.

MOXHO MpEANOI0KUTh, YTO A&HAJOIMYHO B CiIydyae aHTHUCUMMETPHYHOM

BOJIHOBOM (YHKLIHUU OKa)XXETCS, UYTO POBHO IOCEPEAMHE MEXKIY IBYMS aTOMaMH
BOJIOPOZIa BEPOATHOCTh OOHAPYKHUTH JJIEKTPOH paBHa Hymo (kak Op1 W, =0), a 14

CUMMETPUYHON (YHKIIUM HE paBHA HyJIO (Kak Obl ¥ #0).
DJeKTpOHHbIE 00J1aKa B 3THX ABYX CIy4asX UMEIOT CIEIYIOUINA BU:

P, =0

Ha camom pnene Bce He Tak MPOCTO, TaK KakK BEPOSITHOCTH OOHAPYXKHUThH

Y #0

AIIEKTPOH 3aBUCUT OT OJHOTO PagUyC-BEKTOPA, BOJHOBAS (PYHKIIHS ‘P(Fl,Fz)

3aBUCUT OT JIBYX paauyc-BeKTOpoB. HyXHO B34Th IUIOTHOCTH 3apsija HEPBOTO
AIEKTPOHA p(F ):—e-5 (17 —171) U YCPEIHHTBb IO BCEM BO3MOYKHBIM BAPHAHTAM C

2
BEPOSTHOCTBHIO “P(Fljz )‘ dridr,. B pesynpTare NOIy4UTCA IUIOTHOCTH 3apsiaa

QJICKTPOHHOTO o0Oiaka

p(7)= | _[(—e-5(i7—ﬁ))-‘T(Fl,Fz)‘dezdFl :—eH‘P(F,Fz)‘zdfz.
" Z

W nna acummeTrpuuHOM BonHOBOH ¢(ynkumu WV, (171,172) IJIOTHOCTH 3apsnaa

[IOCEPEANHE MEXKY SIAPAMU JIBYX aTOMOB OOpAILAeTCs B HOJIb, 110 YTBEPIKJICHUIO TEX,
KTO pacCUUTHIBAET BOJHOBBIC (DYHKIUH, KaK pemieHus: ypasuenus llpenunrepa.

BepHemcs k paccMoTpeHHto pucyHka. I[lycTh och x HalpaBieHa BJOJIb JIMHUH,
COCIUHSAIOIEN sAapa aTOMOB. PaccMOTpHM COOTHOILIEHHE HEONPENECIIEHHOCTH
['eiizenOepra Ayig x KOOPAUHATHI U X MPOEKIUH UMITYJIbCA:

Ax-Apng.



PaccMoTpuM cUMMETpUYHYIO BOJHOBYIO ¢yHKIHIO ‘P S(Fl,Fz). Korpa Mbl

npubamxkaeM JApyr K JApyry JABa aToma, M DSJIEKTPOHHbIE OOOJOYKM aTOMOB
CIIMIIAIOTCS, OKA3bIBACTCs, YTO Y DJIEKTPOHOB BO3pPACTAET HEONPEACICHHOCTh X
KOOPAUHATHI Ax . DNEKTPOH MPHU ITOM MOXKET IBUTATHCS B 00BEME IBYX aTOMOB.

VYBenuuenne Ax COTJIaCHO COOTHOIICHUIO HeompeaeneHHocTr [ eizenOepra
[O3BOJIAET YMEHBIIUTHCA BenuyuHe Ap,. Kak I0OKa3bIBaeT OIBIT, YaCTHUIBI
CTPEMSATCS K paBEHCTBY B HepaBeHCTBe I'eiizeHOepra. [lostomy Ap . NelCTBUTENBHO
YMEHBIIAETCH.

CpenHee 3Hau€HHUE UMITYJIbCA BJIEKTPOHA PAaBHO HYJIIO, HHAYE BIEKTPOH YJIETUT
O0eckoHe4HOo faneko. Toraa < px> =0.

Ap, = \/<(px —<px>)2> = (P2

CnenoBaTenbHO, yMEHBIIEHUE Ap . BIEUYET 32 COOOM yMEHBIIEHHE BEIUYHHBI

< p§> [Ipy >TOM y W z MNOPOEKUUHU UMITYJIbCa TOYTH HE U3MEHsIoTcA. Toraa

YMCHBIIACTCA Cpe,ZIHI/Iﬁ KBaapar HMITYJIbCa <p2> = <p§> + <p§> + <p?> .

7]

KuH> - 'm

YMeHbIIAeTCs  CpelHEe 3HAYCHUE KUHETUYECKOW DHEpPruu <E

Y MEHBIIACTCSI MOJHASI SHEPTHS.
Ax /" = Ap, N => <p§>\| => <p2>\. =>
<E1<uH> \‘ => EnOJznoe \‘

YMEHbBIICHHE IIOJHOW 53HEPruM JABYX aTOMOB O3HAa4yaeT HUX B3aWMHOE
NPUTSDKEHUS, TAK KaK CWJIa PaBHA MUHYC I'PAJUEHTy TOTEHIMAIbHOW JHEPIUH.

B pe3ynbTaTe 0Ka3pIBaeTCs, YTO B CIy4ae CUMMETPUYHON BOJHOBOW (PYHKIMH
JBYX 3JIEKTPOHOB JIBYX aTOMOB BOJOPOAA MEKJIY aTOMaMH BO3HHUKAET IIPUTSKECHUE.
B cnyuae aHTHCMMMETPUYHON BOTHOBOM (D)YHKITMM BO3HUKAET OTTajdKkuBanue. U to u
IPYroe B3aUMOJEHCTBUE HA3bIBAIOT OOMEHHBIM B3aUMOJAECHCTBUEM, TAK KaK OHO
BO3HUKAET TOJIBKO B CIy4ae BO3MOXXKHOCTH OOMEHA JJIEKTPOHAMH MEXIY ABYMS
aTOMaMH.

[loTeHunanbHasi dSHEpruss OOMEHHOTO  B3aUMOJCUCTBUS )V ~ r¢ -e_ﬂ r
MOBTOPSIET MJIOTHOCTH DJIEKTPOHHOTO 00JIaKa.

OOMEeHHBIE€ CHIIBI CBSI3BIBAIOT ATOMBI B TBEPJIOM TEJ€ U B JKUIKOCTH.

AHanu3upys IHUPUHY PE30HAHCOB HACHIIMICHUS TOIJIOLICHUS, Mbl MPUILIA K

HEOOXOIUMOCTH PAacCMOTPETb BO3MOXKHBIE BapHaHThl IOTEHIIMAJIOB V(r) B
3aBUCUMOCTH OT PACCTOSIHUS ¥ MEXAY MOJIEKYJIaMH. Tenepp nIpocieuM 3Ty LENOUKy
B OOpaTHOM HampaBiI€HUM OT MOTEHIHaJla B3aUMOJEHCTBUS V(r,?l) CO BTOpOH
MOJIEKYJIOH B TOYKE 7, COOTBETCTBYIOUIETO OIPEAEICHHOMY DACIIONOXKEHHUIO 7|

AJIEKTPOHOB U SAJIEp aTOMOB B pPACCMATPUBAEMOM HAaMHU MOJEKYJIC, K IIUPUHE
pPE30HaHCa HACBHIILIEHUS MOrIOoMEeHnus Aw :



V(r,Fl) — V(b,v,t,?l) > Vign (0,17,8) = Gy (0,1, 0) = Py (b, 1) >

— B (b)) > o () > Yk (1) > T (1) > T (i) > Aw(1s).

Mmyusgpep
O6cynuM CBSI3b V(r,?l) — V(b, V’,t,?’l) .

[IycTe MEUMO paccMaTpuBa€MONl HAMU MOJIEKYJIBI ITPOJIETAET ApYyras MOJIEKYJIa.
B pesynbprare B3auMOAEHCTBUS IBYX MOJIEKYJI IPOJIETAIOIIAS MOJIEKYJIA JETUT HE IO
OpsIMOM JIMHUM M C HEMOCTOSIHHOW CKOpPOCThIO. TeM He MeHee, 4TOObl YIMPOCTHUTh
pacyeTbl CYMTAKOT, YTO MpOJIETaloIIas MOJEKyJa JIETUT NPSIMOJIUHENHO U

pPaBHOMEPHO.
\b
r I

0

[lycTe paccmaTpuBaemas HaMH MOJIEKyJa pacrosoxkeHa B Touke O. Bropas
MOJIEKYyJla MpOJIETaeT MUMO HEE CO CKOpOCThiO 1/. llpuilenbHBIA MapaMerp WiH
HaUMEHbIIIEE pACCTOSTHUE MEXIy Mosiekyaamu b. IlepemeHHOe BO BpeMeHH

paccTOsHUE MEXILy MoeKyIamu ()= \/(V’t)z +b%.

[Toncrapmsisi B BeIpakKeHUE JI1 MOTEHI[MAsa V(r,?l) B3aMMOJICUCTBUS JIBYX

MOJIEKYJI PacCTOSITHUEC r(t) = \/(W)z + b2 , IIOJIy4UM V(b,V’,t,Fl) — NOTCHIHAJIBHYIO

SHEPrUI0 B3aUMOJCUCTBUS MOJIEKYJd, Kak (PYHKIMIO TPUIEIbHOrO mnapamerpa b,
OTHOCUTEJIBHOM CKOPOCTH TMAapTHEPOB IO CTOJKHOBEHHUIO |/, BpPEMEHH ¢ U
pACIIOJIOKEHUS 7| IEKTPOHOB U sJIEP ATOMOB B PACCMAaTPUBAEMON HAMU MOJIEKYJIE.

OO6cynuM Tereps CBS3b V(b,l/’,t,?l) —Vim (b,v,t) .

Vien (b,17:8) = [wic (71 )V (o171 )y () - 1
3nech Vi, (b,V’,t) — MATPUYHBIN 3JIEMEHT ONEpaTopa B3auMOICHCTBUS V(b,v,t,?l)

IBYX MOJICKYIL.

3aMeTM, 4YTO B MPEHJIOKCHHOM MNPHOIMKEHHA TPYIJHO PaCCMOTPETh
OOMEHHOE B3aUMOJICHCTBUE, TaK KaK OOMEHHOE B3aMMOJCHCTBUE BO3SHHUKAET TOJBHKO
IIPU COBMECTHOM YYET€ 3JIEKTPOHOB 00euX MoJieKys. B obiieM ciydae He00X0aumMo
COBMECTHOE KBAaHTOBOMEXaHHUYECKOE PACCMOTPEHUE JIBYX  CTaJKHBAFOIIUXCS
MOJIEKYJI CO BCEMH 3apsfaMH 7| U 7 TIPH 33JaHHOM I10JI0)KEHUHU IIEHTPOB Macc JIBYX

MOJIEKYJI. 3aT€M MATPUYHBIN AJEMEHT ONepaTopa B3aUMOACHCTBUS (CYyMMBbI HapHBIX
B3aMMOJEHUCTBUI 3apsA0B, OJAUH M3 KOTOPBIX HAXOAUTCA B OAHOM MOJIEKyJe, a
JIPYroit — B IPyTOi) MOXKHO HAWTH, KaK

Vien (b,1,) = [wi (L2 ) V (B0, 7 ) - 0 (P ) - - P



OO6cynuMm Temnepb cBs3b Vi, (b,v,t) — Gy (b,v,a)) , rne Gy, (b,v,a)) —
dypbe 00pa3 oneparopa B3aMMOJACHCTBHS IBYX MOJICKYIL.

+00
G (0,1,0) = [ Vi (Bovr1) -t
—00
O6eynum  tenepb  ¢Bs3b Gy, (b,,@) = P, (b,17), the  Bp(byv) —
BEPOATHOCTB IIEPEX0/Ia C YPOBHA K Ha ypoBEHb 11 3a OJHO CTOJKHOBeHHe. Ecam sTa
BEPOATHOCTH MHOTO MEHBIIE €IMHUIIBI, TO OHA MOXKET OBITh OTy4eHa 10 GopMyiie:

1 2 E, —E
B (b,V)=—2‘ka (b1, @, )|, THE @y E’"Tk — 49acToTa mepexoa
h
MEXIYy YPOBHIMU k U m.
_ZPkm(b’V)
B, (b,v):l—e m — BEpPOATHOCTh yXOJa MOJEKYJIbl C YPOBHS k 3a
OJIHO CTOJIKHOBEHHE.
o6}
oy, (V’) = JPk (b,l/’)-Zﬂb-db — CEUEHHE HEYNPYTrux CTOJKHOBEHUW I
0
YpOBHS k .
O6cyaum Tenephb CBA3b CEUEHHUSI CTOJKHOBEHUH O W YacCTOThI CTOJIKHOBEHUU
y:
P (V)= [ 0 (7= )7 7] N 7' = N o (7= 7)) 7= 7).
}7,'
3nech Njpd\/' — KOHLEHTpalusi MOJEKYJ, CKOPOCTH KOTOPBIX JIeXar B

MPOCTPAHCTBE CKOpocTedl B o0beme di/'. Bymem cumrarh, 4TO paccmarpuBaeMast
MOJIEKYJIa MMEET IUIOIIa[b IONEPEYHOIO CEYEHHUs O, a HaJCTalolMe Ha Hee

MOJIEKYJIBI MMEIOT TOo4eyHbl pasmep. Torma o (‘17"— \7")-‘87"— 37" — 00beM,

KOTOPBII HAJIETaeT Ha PAcCMATPHBAEMYIO HAMHM MOJIEKYIY B €IMHHUIYy BPEMEHH C
OTHOCHTEIbHOIT CKOPOCTBIO [1/'— 17]; o7 (‘37"— 37")-‘37"— V|- NgdV/' — aneno Monekyin

B 00beMe d1/', HaJIeTAIOMIMX HA PACCMATPUBAEMYIO MOJICKYJTY B €INHHILY BPEMEHH.

n (V) +y (v
Lo (V) = Iy () Zmy () — CKOpPOCTb 3aTyXaHHsl HEIHarOHaJIbHOTO

2
AJIEMEHTa MAaTPHIIBl TUIOTHOCTH WM TOJSIPU3AIMM CPEAbl, TaK KaK TOJSpH3aIlHs
MPOTOPITMOHAIEHA BEIMIECTBEHHOW YacTH HEIMAarOHAIILHOTO DJEMEHTAa MaTPHIIBI
MJIOTHOCTH.
B dopmupoBannn pe3oHaHca yYaCTBYIOT MOJIEKYJBI C (DUKCUPOBAHHOU
Jy4eBOW CKOPOCTHI0. MOXKHO BBECTH YCPEAHEHHYIO MO 3TUM MOJIEKYyJaM CKOPOCTh
3aTyXaHUs TOJIIPU3AIIH CPEIIbI:

2

o0 —
[2 2 m 2ksT
rmymgqbqb(vz):_‘.rmym( Vz +V’L)'(m]'e b 2@y dvy
0




rae /| — COCTaBIAIOLIAs CKOPOCTH MOJIEKYJIbI B IIJIOCKOCTH INEPIEHIUKYIAPHOM
aydy.
Aa)(vz) = 2(F o+ me%qbqb (Vz)) — I[IMpPUHA PE30HAHCA  HACBIILICHUA

MOMJIOIEHHs] C(POPMUPOBAHHOIO MOJIEKYIAMH C JIy4€BOM CKOPOCTBIO 1/, = ey rae Q

2
— Pa3HOCTh YACTOT BCTPEUHBIX BOJIH, k = 7 — BOJIHOBOE YHCIJIO.

DKCIEPUMEHTAIBHO UCCIEAYIOTCS IBE 3aBUCUMOCTH.
1). 3aBucMMOCTb IIMPHUHBI PE30HAHCA HACBIIEHUS MOMVIOLWIEHUs IpU
OJIMHAKOBBIX YaCTOTaX BCTPEUHBIX CBETOBBIX BOJH, KaK ()yHKI[US JIaBJICHUS Ta3a.

Q=0 = =0 = Aw=2(ny+rmw@¢0ﬁyrﬂe

Ty, (0)~ N ~ p = NkgT

Awm

W3 »sKcnepuMeHTa TMONyYarT BEJIHMYHMHY CTOJKHOBUTEIHHOTO YIITHUPEHUS
pEe30HaHCa HACKIIIECHUS MTOTJIONICHUS, PABHYIO TAHT€HCY yTJjla HaKJIOHA rpaduka.
2). [pyras 3aBUCUMOCTb, KOTOPYIO HUCCIEIYyIOT — 3aBUCUMOCTH IIUPUHBI

pesoHaHca HachlmeHus noriomenus Aw(V; )= 2(F 0+ Doy (VZ)) OT PasHOCTH
9
YAaCTOT BCTPEYHBIX CBETOBBIX BOMH () MM OT JIy4eBOH CKOPOCTH MOJIEKYI

(OpMHUPYIOIIUX PE3OHAHC 1/, = %

3aBUCUMOCTh MIMPUHBI PE30HAHCA OT JIy4€BOW CKOPOCTH MOJIEKYJ Aa)(vz)

ONpeAEsACTCS 3aBUCUMOCTBIO MOTEHIIMAIA B3aUMOICHCTBUSA MOJIEKYJT OT PACCTOSIHUA
MEXIY HUMHU V(r).

1
Eciu V(r)~—, TO MOXHO paccuuTaTh 3aBUCHUMOCTH Aw|(V/. npu
n z
r

pa3INYHBIX BCIIMYHMHAX IIapaMeTpa n. CpaBHeHI/IC paCCqHTaHHOﬁ 3aBUCHUMOCTHU
A&)(VZ) C 3KCHepHMeHTaHBHOﬁ 3aBUCUMOCTBIO TIO3BOJIACT OIIPCACINTL BCIMYHUHY

napamMeTpa n W cAeiaTh BBIBOJ O MPE00JIaJarolieM MEXaHU3ME B3aWMOJICUCTBUS
MOJIEKYI.



Kak noka3spiBaroT pacdCThbl 3aBUCUMOCTU IMOTCHIMAIA BSaHMOHeﬁCTBHH BHUaa

1 .
V(I" ) ~—— COOTBCTCTBYCT 3aBUCHUMOCTL CCUYCHHUA TyHIAIIUX CTOJKHOBCHHUU OT
rl’l
OTHOCHUTEJIbHOM CKOpPOCTHU ITapTHCPOB 110 CTOJKHOBCHHMIO BHIA CT(V) ~ —a , A€

v

mapaMeTpbl 7 U & CBA3AHbBI COOTHOIICHUCM

2
o=—.
n—1

Tak A AUITIOJb — AHUIIOJIBHOIO BSaHMOHeﬁCTBHﬂ MOJICKYJ C IOTCHIHAJIOM

1
V ~ —3 mojay4dacM, 4TOo CCHCHHUC TYHICHHUA MUMCCT BUOA O ~ ; . Torz[a IMPONU3BCACHUC
r

G(V’) -\ =const HE 3aBUCUT OT OTHOCUTEJIBHOW CKOPOCTH MOJEKYJ |/, 2 CKOPOCTb
= . _)'— 7 . _)'— 7

3aTyXaHUs YpOBHs 7/kmym (V’) =N <O'k(‘V’ V’D ‘V’ VDW HE 3aBUCUT OT CKOPOCTH

MOJICKYJbI, HC 3aBHCHUT OT TEMIICPATYphbl ra3a, HC 3aBUCHT OT IPOCKIHMH CKOPOCTHU

MOJIEKYJI Ha Jy4, TaK KaK Oy (‘17"— 37")-‘17"— 37" =const. COOTBETCTBEHHO, OT

CKOPOCTH MOJICKYJI HC 3aBUCUT CKOPOCTb 3aTyXaHHs IOJIAPpHU3AlUU F(V) =const, u

LIMPUHA PE30HAHCA HE 3aBUCUT OT JIy4€BOM CKOPOCTH MOJIEKY Aa)(vz) = const .

DTOT pe3yibTaT IOCTATOYHO YAUBHUTEINEH, TaK Kak, Ka3ajoch Obl, 4eM ObICTpee
ABMOKYTCSL MOJIEKYJBI, TE€M 4Yalle OHH CTaJKUBAIOTCS, WU TeM OOJbIIe
CTOJIKHOBHUTEJIBHOE YIIUPEHUE PE3OHAHCOB.

3). VYimwupeHue pPE30HAHCOB HACBINICHUS TMOIJIONICHUS Je(a3supyronmmMu
CTOJIKHOBEHUSIMU MOJIEKYJI.

Monekyna, B3aUMOJECUCTBYIONIASI CO CBETOBBIM IOJIEM, MPEJCTABIsAECT COOOM
OCIWJIJTUPYIOIIUNA HA YACTOTE MOJISI AUMNOJIb. BO BpeMsi CTOJIKHOBEHHS JIBYX MOJEKYJI
¢$aza oCHMJUTUPYIOLIETO TUIONSI MOXKET CKauKOOOpPa3HO CIABHUHYTHCS, YTO HA3bIBAIOT
neda3upoBKOM TUTOJIEH.

CBeToBOE MOJIE PaCKaYMBAET 3JIEKTPUUECKUE JTUIIOIH MOJIEKYJ C ONTHYECKON
yactoTtoi. Bece mumonu coBepmaiorT konebanust cuHpazHo. COor ¢das3pl aumosis
YMEHBIIAET MOJSPU3ALUI0 CpPEAbl, TaK KaK YMEHbBIIAET CpPEAHEE 3HAUYCHUE
JUIOJIBHOIO MOMEHTA MOJIEKYJ. YMEHBIIEHUE CPEIHEro 3HAYEHHsSI OCOOEHHO SICHO
BUJHO, €CJIM Tocye cOos (a3bl JUMOJIL COBEpIIAET KojeOaHus B MpOoTuUBOdase 1o
OTHOLIEHUIO K OCTaJIbHBIM JIUIIOJISIM, KOTOPBIE PACKAYEHBI CBETOBBIM I1OJIEM.

JledasupoBka aumosiell pa3pyliaeT MOJSPHU3ANUI0 CPEIbl, HO HE H3MEHSET
3aCeJIEHHOCTH ypoBHeW sHepruu. CrenoBarenbHO, Ae(azupyrolire CTOJKHOBEHUS
JAI0T BKJIAJl B CKOPOCTh 3aTyXaHUs MoJsipu3aiuu [, HO He JaroT BKJIAJ B CKOPOCTh
3aTyXaHMs YPOBHEH | U ¥, . B pesynprare nedazupyroniyie CTOJIKHOBEHHS MOJIEKY

+
HapywaroT COOTHoIeHue [ = %

Mexanu3m aeazupoBKH NpPU CTOJIKHOBEHUU MOJIEKYJ CTAHOBHUTCA SICHBIM U3
aHajgM3a 3aBHCHUMOCTH M3MEHEHHS JBYX CBS3aHHBIX IEPEXOJOM YPOBHEH JHEPIUU
MOJIEKYJIBI BO BPEMS CTOJIKHOBEHUS.



h&)zl

E]. ] t

Bepxuuii ypoBeHb 2HEprun £, BO BpeMs CTOJKHOBEHHSI OOBIYHO CIBHUIAETCS
CWIIbHEE, 4Y€M HIWKHUN ypoBeHb £L|. B pesynaprare Ha BpeMs CTOJIKHOBEHHUS
U3MEHAETCS YacTOTa ONTUYECKOIO NEPEX0A )1 .

OHeprun ypoBHeW E| U Ep 3aBHUCAT OT PacCTOSHUSA MEXKIY MOJIEKYJIAMH 7 .

Toraa M 9aCTOTa NCpexoJid 3aBUCHUT OT pACCTOAHUA MCKIY MOJICKYJIaMH B IIPOLCCCEC
CTOJIKHOBCHUA

wo1(r)= Ez(r);lEl(r) ,Tae r :\/bz +(Vt)2 .

COoi1 da3pl BO Bpemsi CTOJIKHOBEHUS — PaBEH OlepexeHuto ¢as3bl B
pe3yibTaTe CTOJIKHOBEHUS IJisi PEajbHOrO JUIOJISI OTHOCUTENBHO (Da3pl AMMOJI,
4acToTa KOTOPOr0 HEU3MEHHA.

daza — 310 qacToTa, YMHOXXCHHAA Ha BpPEMA. TOFHa Pa3HOCTb (1)33 — 3TO
HHTCTpAT 110 BPpEMCHU OT Pa3HOCTH 4aCTOT:
—+00
U(b,V) = I (0)21(7’(1),\/’,1)) —a)21)df .
—o0

Yepes cOoii (a3bl 77 pU CTOJIKHOBEHHH BBIPAKAIOT CEUCHUE Je(azupyroiux

CTOJIKHOBEHUU O
o0

o(v)= I (1 — cos(n(b,v))) 27zb-db.
0
O6CyIiM, TOYeMy 3aBUCHMOCTh CEUeHHS & OT c00s a3kl 77 IMEHHO TaKas.

Ecmmu cOoit da3pl paBeH 77, TO BKJIAA JUMOJNSA B TMOJISPHU3ANNIO OCTaTbHBIX
JUIIOJIEW YMHOXKAETCs Ha cos(77) , 2 UI3MEHEHUE BKIajga — Ha 1 — cos(n).

DTO Tak Ha3bIBAEMOE CEYEHUE YIIUPEHUSI.
Kpome ymmpeHus coekTpaidbHOW JIMHUM JAe(azupyrolife CTOJKHOBEHUS
NPUBOJAT €IIE U K CABUTY JHMHUHU. B KauecTBe Ce4eHUsS CIABHra Oj, NPUHUMAIOT

CIIEAYIOIIEE BBIPAXKECHNUE
o0
005 (1) = [ sin(n(b,1r))-27b-db.
0

CaBur MOXeT OBITh IMOJOXHUTEIbHBIM WM OTPULIATEIBHBIM, CIIEOBATEIHHO,
NoABIHTETpajdbHas (QYHKUMS JOJDKHA ObITh HeueTHOW (yHKiuer cbos (asbl 77.



Kpome Toro, cboii (a3er Ha 27 HHYETO HE M3MEHSET U HE JTOJDKEH JaBaTh BKJIAJ B
CEUCHME CJIBUTra, TaK K€ Kak U B ceuyeHue ymwupeHus. (CrenoBaresbHo,
MOJBIHTETPAJILHBIA MHOXKUTEJIb JIOJKEH OBITh HEUETHOW NMepUoaudecKor (yHKIHeH
c6os da3wl 17 ¢ nepuogom 27 . [IpocTeiieit Tako GyHKIMEH SBIISETCS CUHYC.

C cedeHHEM YIIUPEHHS O CBs3aHA 4acTOTa Ae(asUpYIOMINX CTOJIKHOBEHHI
Lpeq
Coeqp (1) = N<G(‘]7"— 37") |- 17">17, = Ia(‘ﬁ"— 17") |7 = |- N - di

31ech G(‘ﬁ"— 37")-‘37"— /| — oObem, KoTOpbIii HajeTaeT Ha MOIEKyIly B
¢JIMHUILY BpeMeHH; N7 -d1/' KOHIIGHTpAIMs HAJICTAIOIIUX MOJIEKYJ CO CKOPOCTAMH
B o0beme di/' B TPOCTPAaHCTBE CKOPOCTEH  HAJNETAIONIMX  MOJEKYI;
0'(‘17"— 17")-‘\7"— Sf‘-Nﬁwdﬁ" — YacToTa CTOJKHOBEHHMH paccMaTpuBaeMoll HaMu

MOJIEKYJIBI ¢ MOJIEKYJIAMU B 00beMe d1/' IPOCTPAHCTBA CKOPOCTEM.
B popmupoBanum pesoHaHca HACHIMIEHUS TOTIIOMICHUS Y9aCTBYIOT MOJICKYJIbI
C OZIMHAKOBBIM 3HAYEHUEM JIy4YEBOU CKOPOCTHU 1/, , HOITOMY 4aCTOTY Ae(a3sUpyIOIHX

CTOJIKHOBEHUI F()eqb (V’) paccMaTpuBaeMOM MOJIEKYJbl HAJA0 YCPEAHUTH MO

MOJIEKYJIaM C pPa3HbIMU MOJYJSIMH CKOPOCTH |/ U (PUKCHPOBAHHOM MNpOEKLIUEH
CKOPOCTHU 1/, Ha JIy4

mvf

—+00 _
Faeqb3d7(1) (VZ): I F()eqb(\lvzz *Vz)‘i‘e 2kpT 2rvdiy .
0

27Z'kBT

OddexTrBHAST CKOPOCTh 3aTyXaHUsS HEIUArOHAIBHOTO D3JIEMEHTAa MAaTpPHIIbI
IJIOTHOCTH JIJII MOJEKYJT C (DUKCHUPOBAaHHBIM 3HAYCHHEM JIY4EBOH CKOPOCTH
CKJIQJIBIBACTCS U3 CKOPOCTH CIIOHTAHHBIX TIEPEXOJIOB CKOPOCTHU TYIIECHUS U CKOPOCTH
nedazupoBku

Fagbqb (VZ ) =L+ mewad)qb (VZ ) + Fdegbaqbqb (Vz) :

[IupuHa pe3oHaHCa HACHIIIEHUS TOTJIONIEHUS BIBOE OOJIbIlIE 3TOW CKOPOCTH
3aTyXaHUsA

Aw = 21“9@5 (VZ) .

4). YumupeHue pe30HAHCOB HACBIIEHUS MOIJIOUIEHUS JIC€OPUEHTUPYIOIIMMHU
CTOJIKHOBEHUSIMU MOJIEKYJI.

JleopueHTanuss — IMOBOPOT JHMHUM KOJIEOAHWH AUMOJS MOJIEKYJIBl MpU
CTOJIKHOBEHUH MOJIEKYI.

Y4yer U3MEHEHHs OpPUEHTAUUH MOJEKYJbl MPU CTOJKHOBEHHHM JOCTATOYHO
CIIOKE€H, U MBI HE OyJeM ero moapoOHO paccMmaTpuBaTh. OTrpaHMYUMCS TE€M, YTO
TaKue CTOJKHOBEHUS MOKHO Y4Y€CThb B BHJE CJIAraéMoro B CKOPOCTH 3aTyXaHUs
MOJIIPU3ALIUU CPEbl aHATIOTMYHOTO CIIaraeMbIM TYIICHUS U Ae(Pa3upOBKHU:

Fagbqb (VZ ) =g+ memad,qb (Vz) + Faeqbaqbqb (Vz ) + Fdeopuenmaqbd, (VZ ) :
H_[I/IpI/IHa PE30HAaHCA HACBIIICHUA MMOTJIOMCHUA BABOC 0oJIbIIIE DTOM CKOpOCTH
Aw= 21“9@5 (VZ) .




5). BausiHuE CTOJIKHOBEHHH ¢ M3MEHEHHEM CKOPOCTH MOJEKYJ Ha INMHUPHHY U
bopMy pe30HAHCOB HACHIIICHUS OTJIOIIECHHSL.

PaccMmoTpum MOJIEKyIibl, KOTOPBIE O CTOJKHOBEHUS C U3MEHEHHEM CKOPOCTH
UMEJIM OMNPEAECICHHOE 3HAUY€HUE MPOCKIUH CKOPOCTU Ha jyd. Ha pucyHke Huxke
n300paxxeHo pacnpenesnenne MakcBeiia o MPOEKIIMU CKOPOCTH MOJIEKYJ Ha JIyd.
31ech e OTMEUeH HaOOp MOJEKYJ C OINpeAeiCHHON MPOEKIHe CKOPOCTH 0
CTOJIKHOBEHMS U UX CKOPOCTH IOCJI€ OJJHOI'O CTOJIKHOBEHUS.

| | g - \

[locne cTONKHOBEHUS paclpeesieHne MO0 MNPOEKIMH CKOPOCTH MOJYYUT
HEKOTOPYIO IIUPUHY U OyAET CIABUHYTO B CTOPOHY YMEHbILIEHUS MOAYJSL IPOEKIIUH.
JUJIsl IpakTUYECKUX PacyeToB MCIOJIb3YeTCsl MOJEIb siipa CTOIKHOBeHU KenbcoHa
— Cropepa

. 2
(v-arz)
B 2
! AU
A(VZ,VZ)ZA.Q (av)
NTAU
31ech V, — NmpoeKuus CKOPOCTH Ha JIy4 0 CTOJIKHOBEHHM:A, V, — IpOeKUHs
CKOpPOCTH TIOCJIE CTONKHOBeHMSA, AU — mupuHa pacupencieHuss N0 INPOEKIUU
CKOpPOCTH TIIOCJIE CTOJKHOBEHHS, « — IIapaMeTp CIBHUIa pPacHpenceHus II0

IMPOCKIHUU CKOPOCTH ITOCJIC CTOJIKHOBCHUA.

PaCCMOTpeHI/IC CTOJIKHOBEHMH C U3MEHECHUEM CKOpOCTH yI[06H€e IMPpOBOJAUTHL B
J1a6opaT0pH0171 CUCTEME OTCUYCTA, @ HC B CUCTEMC OTCUCTAa MOJICKYJIbI. B stoMm ciliy4dac
y,I[06HO CUUTaTb, 4YTO OJCMCHTBI MATPHIblI IINIOTHOCTH HMCIOT I[OHOJ'IHI/ITGJ'IBHHﬁ
COMHOXMTEIb NV, 72— pacnpeacicHuC KOHUOCHTpallMh MOJICKYJI II0 BCKTOPY

ckopoctd. Bennumsa Nj-dV paBHa KOHLEHTPALMK MOJICKYJ, BEKTOP CKOPOCTH

KOTOPBIX 3aKaHYMBaeTcs B o0beme d) mpocTpaHCTBa cKopocTeil. B Takom ciydae
P17 — DaclpeleneHne 3acesieHHOCTH MEPBOr0 YPOBHS IO BEKTOPY CKOPOCTH.

AHaJIOTHYHBIN CMBICT UMCIOT O,y U P57 -

Ka)K,Z[OGD YpaBHCHHUC [OJIs1 MATPHIbl INUIOTHOCTH HYXHO JOIIOJIHUTL JABYMSA
cllaraéMbIMHU. DTO ABa HMHTCTPAJIBHBIX CJIaraCMbIX B HpHBG,Z[GHHOﬁ HNXKE CHUCTCMC.
KpOMC TOro, O9JIEMCHTbBI MAaTpHIlbl ILIOTHOCTH, MABJIACH PpacCHpeaCiICHUAMU 110

BEKTOPY CKOPOCTH V', OyAyT 3aBUCETH OT BEKTOPA CKOPOCTH.



. . PE(t
PUFF NPT = NP _’#(pm? —,021,7)+

+jA11(V V)pllV,dV p“VjA“(VV) av'

o 0 PE(?)
<:022V+721022I7_7/2102217+l . Py — Py
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+J.A22(17',17),022[7-&’17'—102217'[1422(V,V,)dV'
’;2”7”‘021:02117 Py :i%(t)(pm? —,022;7)+
+IAzl(V"V)pzlﬁ'dﬁ'_leﬁjAzl(V,V')dV'

0 0
Pik + V plk
0z
HpOﬂHaHI/IBI/IpyeM HOBLIC cJiaracMabIC CHUCTCMbI Ha HpI/IMCpe HCpBOFO
ypaBHEHUS:

' o _.PE(t)
Purt NPup =NPhy T 7 (:01217_:02117)+

+J AN (P ) pyypodV = pyyp [ A (V7 )l

[ToapiHTErpAIBHOE BBIPAXKEHUE BO BTOPOM HHTETpaJIe AII(V,V') dV' — 10

TS Py =

BEPOATHOCTb yXOJa MOJIEKYJIbl B €JUHUIy BPEMEHU B 00beM d}' B MpPOCTpaHCTBE
CKOPOCTEH, €CIM MOJICKYJIa HaXOAUTCA Ha 1-M ypoBHE SHEPIHU U MMeNa CKOpoCTh V.
[lepBblii MHTErpasIbHBIA  YJIEH I AH(V’,V)pm;.d V' mnpexncraBiser coOoi

4acTOTy MPUXO0JIa B €UHUYHBIA 00bEM B MPOCTPAHCTBE CKOPOCTEW (M B €IMHUYHOM
00beMe B OOBIYHOM MNPOCTPAHCTBE, OJarojaps COMHOXKUTENO Nj B DIEMEHTaX

MaTpPHUIIbl IJIOTHOCTH) HA YpOBHE | 3a CUET CTOJIKHOBEHUI C U3MEHEHUEM CKOPOCTH
MOJIEKYJI.

Bennuuna 4y, (V', V) HA3bIBAETCH SIPOM MHTErpaa CTOJIKHOBEHUM.

B pacuerax mnoBeneHHs DJIEMEHTOB MAaTPUIbl IUIOTHOCTU HCIONL3YHOT Tak
Ha3bIBAEMbIE MOJIENIBHBIE Apa MHTErpala CTOJKHOBEHUM. Yalie BCEero ucroab3yercs
mozaenbHoe aapo  Kemscona — Cropepa. Hac wMHTEpecyroT 3aBHMCHMOCTH

paccMaTpUBaeMbIX BEJIIMUMH TOJBKO OT JIy4EBOW CKOpPOCTH. B TakoM ciydae siapo
Kenbcona — Cropepa uMeeT cineayromuil BUa;

' 2
(v-av.)

A(v..v.)= \/_AU (aUy

910 AAPO OIMHUCBIBACT CTOJIKHOBCHHUA C HM3MCHCHHEM quCBOﬁ CKOpPOCTH

V,—>V,.3necp A, — 4acToTa CTOJIKHOBEHMH C U3MEHCHHEM CKOPOCTHU IJIS OJHOM



a<l [ 2kgT
MOJIEKYJIBI, { . AU =~N1-a?U , Tne U = b~ __ pamboree BeposTHAS
—a << m

+00
, '
CKOPOCTb MOJIEKYT, Ay = J A(VZ,VZ)dVZ .
—00
JIpyrou cmeICl sigpa UHTETPaAla CTOJIKHOBEHUH COCTOMT B caenyromeM. 1lycts
pacIpenesieHue pacCMaTpPUBAEMBIX MOJIEKYJ IO JIy4€BOM CKOPOCTH IMPEACTaBIAET

coboit menmpta QyHkIuioo Jlupaka o (VZ _VOZ)' Torga mocie OAHOTO CTOJKHOBEHHS

A(V,_.72)
MOJICKYJI pacTpe/IeICHUE MPUMET CIACAYIOIUHA BHT ——— .

[Ipu stom s siapa Kenbcona — Crtopepa AU — mupuHa pacupenciieHus
[OCJIE OJHOTO CTOJIKHOBEHUS MOJIEKYII, (l—a)U — XapakTEepHBIM CABUT LEHTPA

TSDKECTH PACHPEIEIICHUS TTOCIIE OTHOTO CTOJIKHOBEHHUSL.

Pacuet Ha ocHOBe au(hepeHIMaIbHBIX YPaBHEHHN 111 MATPULIBI TUIOTHOCTH C
y4ETOM HHTETpajioB CTOJKHOBEHUI NPUBOAUT K pe3ysbTaTaM, KOTOpbIE MBI
pPaccMOTPUM KaueCTBEHHO.

[lpy HM3KOM [aBJIEHHMU Tra3a KaKAO€ CTOJKHOBEHHE TOCTATOYHO CHIIBHO
U3MEHSETCS JIYy4eBYIO CKOPOCTb, 4YTOObI MOJIEKYJa BBbIIJIAa W3 Habopa MOJIEKYI
dopmupyomux pesoHaHc. B 3ToMm ciiyyae ympyroe paccesHue € H3MEHEHHEM
CKOPOCTH SKBHUBAJICHTHO TYUIAIUM CTOJKHOBEHUSM. COOTBETCTBEHHO UIMPUHA
pE30HaHCAa HACHIEHHS TOTJIOMICHUS NMPU HU3KOM MJABICHUH Ta3a OIpeenseTcs
cienymomen hopMynoin

Awo=2(Ty+v+V),
rage I'j — uacrora CIOHTaHHBIX IEPEXOAOB Il OAHOW MOJEKYJIbl; V — 4acToTa

TymieHusi, 1eha3supoBKU U JEOPUCHTAINH, V — YacTOTa YIPYTHUX CTOJKHOBEHHH C
U3MEHEHUEM CKOPOCTH.

[Ipu oOTHOCHUTETHLHO BBICOKOM JaBICHUM Ta3a YYeT CTOJKHOBEHHHA C
M3MEHEHUEM CKOPOCTH OoJjiee CioXkeH. B 3TOM ciydae CTOJKHOBEHHE MOJIEKYI
HECKOJIbKO M3MEHSIET JIY4EBYIO CKOPOCTh MOJICKYJI, HO U3MEHSET €€ HE HaCTOJBKO,
yTO0OBI MOJIEKYJIa BhIIILIA U3 Ha00opa (OPMHUPYIOIIETO PE30HAHC.

BBeneMm o003HaueHmE

v . 1
————— — YHUCJO CTOJIKHOBEHUH C N3MEHEHHEM CKOPOCTH 32 BpeMs
I'y+v ['p+v

n

3aTyXaHHMs NOJISIPU3ALNHN 110 IPYTUM NPUYHHAM.

C 5TUM 4YHMCIOM 7 CBsi3aHA BEJIWYMHA YIIMPEHUS PE30HAHCOB HACHILICHUS
ITOTJIOLLEHUS.

[Iycte AU — mosymupuHa 10 JIy4€BOM CKOPOCTH I CTOJIKHOBUTEIBHOTO
AIpa WIM CPEOHEKBAaApPaTUYHOE HW3MEHEHME JIy4eBOM CKOPOCTH 3a OJHO
CTOJIKHOBEHHUE C U3MEHEHHUEM CKOPOCTH.

Torma ~/n-AU — CPEAHEKBAAPATUYHOE U3MEHEHUE JIy4€BOM CKOPOCTH 3a 7
CTOJIKHOBEHMI MOJIeKyJl. KBaJpaTHBII KOpPEHb CBSI3aH C TE€M, YTO €CJIH YEJIOBEK



PAaBHOBCPOATHO JACJIACT IIar BJICBO WJIM BIPABO, TO CpeI[HCKBaI[paTI/I‘-IHI:Jﬁ yxona OT

HA4YaJIbHOIO IIOJIOKEHMS 3a n IIaroB paBeH Jn. Bemmuuna 2+/n-AU paBHa
YIIAPEHUIO MpoBaja beHHeTTa B pacnpeneleHuy Pa3HOCTH 3aCEICHHOCTEW YpPOBHEU
110 JIy4€BOU CKOPOCTH.

Torna Aw =2k -\n-AU — yIIupeHue npoBaja beHHeTTa B 1IKaJie 4acToT.
C yueroM 3TOro yHmIMpPEeHWs HOBBIM MpoBaid beHHeTTa — 3TO pe3ysbTaT
CBEpPTKM cTaporo mnpoBasia benHerra wnu JlopeHma ¢ MWHpPUHOU 2(F0+v) 51

KOJIOKOJI000pa3HoU (PYHKIIUU ¢ UPUHON 2k - Jn AU .
HamomuumM, 4Tto mo ompeneneHuio, CBepTKOM (GyHKIUM f u ¢ sBiIsgeTcs

ciaeayromias BEJIn4irHa:
+00
(fop)(¥)= [ f(y+x)-o(x)-dx.
—00
H_[I/IpI/IHa CBCPTKHU ABYX KOJ'IOKOJIOO6p3.3HbIX (pyHKI_II/Iﬁ f U @ 3aBUCUT OT
CKOPOCTH CllaJlaHHA NX KPbLJILCB.
. . 1
Ecim xoTs 6I>I Y OHOM U3 JABYX (I)YHKI_II/II/I KpbUIbA CIIAAAar0T 6BICTpCC, qycM —2 )
X

TO ILIMPUHA CBEPTKHU A( f ogp) NpUOJIM3UTENBHO paBHA KOPHIO KBAJAPATHOMY U3
CYMMBbI KBaJpaTtoB WUpuH Af U A@ IBYyX CBOpauMBaeMbIX (DYHKIIHIL:

2 2
A(f o) = (A + (M)’
. 1
Ecnu xpeutbst 06eux QyHKUMM f W @ cnajgarT, KaKk —- WK MeJJICHHEee, TO:

x2
A(feop)=Af +Ap.
Kpbuibst caMoil cBepTKH BenyT ceOsl, KaK Kpblibsi 00Jee MEIJICHHO CIIaAaroIien
(GYHKIUM U3 IBYX CBOpauMBaeMbIX (DYHKIUH.
B pesynbrate ¢opMyna i IIMPHUHBI pE30HAHCA HACBIIIEHUS HOTJIOLICHMS
OTJINYAETCS B ABYX CIIy4asX.
IlepBolii ciyyalli — KOTrAa KpbUIbS s/Ipa MHTETpPajia CTOJIKHOBEHUM CIIAJAIOT

ObICTpPO, OBICTpEE YeM . Torga mmpuHa pe3oHaHCa MPU OJIHOBPEMEHHOM

2
-7

N3MCHCHHH YaCTOT BCTPCUYHLIX BOJIH HAXOOHUTCA 110 CJIC,ZIYIOIHCﬁ q)OpMy.]ICI

Ao =% 2Ty +v)+ \/(2(r0 )+ (2kmAU )

374ech UIMpUHA HOBOIO MpoBajia beHHeTTa ¢ y4yeToM CTOJIKHOBEHUH C

M3MEHEHHEM CKOPOCTH MOJIEKYJ paBHA \/(2(F0 + V))2 + (Zk\/;AU)Z , T1e 2(F0 + V)

— mMpuHa ctaporo mpoBaja benHerra 0e3 yyeTa CTOJKHOBEHUH C U3MEHEHUEM

CKOpPOCTH kAU  — yIIUpEeHUEe TpoBaja beHHETTa CTOJKHOBEHHMSIMU C
M3MEHEHUEM CKOpPOCTH. BBICTpocTanaroime Kpbulbsl siipa HHTErpaja CTOJIKHOBEHHN



ONPENEIA0T TO, YTO IIMPHUHA HOBOI'O NMPOBaJia beHHETTa CKIIabIBAETCs, KAK KOPEHb
KBaJpaTHbI M3 CyMMBbI KBaaparoB. Kppuibs HOBOro mpoBasia beHHeTTa crajmaror
MEJUICHHO, KaK M KpbUIbs cTaporo mnposaia bennerra. IloaTromy mmpuHa cBepTKH
JlopeHna ceyenus NorIOMEHNs C IUPUHON 2(F0 + v) Y HOBOro nposayia bennerra ¢

IIMPUHOM \/(2(F0 +v))2 +(2k\/;AU )2 paBHa cymme ux mupuH. Kosdduuuent %

CBSI3aH C TE€M, YTO NPHU OJWHAKOBBIX YAaCTOTAaX BCTPEYHBIX BOJIH CBOPAYUBAEMBIE
KOHTYpBl JIBUTAIOTCS HABCTpeUy APYr APYry MO OCH JY4YE€BOW CKOPOCTH HIPH
W3MEHEHHUH YacTOThI T€HEPALINU J1a3epa.

Bropori cimywah — KppUIbA fApa HMHTErpajia CTOJKHOBEHHWM CHAAr0T

1
MEIJIEHHO, KaKk ——— WIM elle MeajneHHee. Torna mmpuHa pe3oHaHca

V2
VZ_VZ

HACBIIICHUS TIOTJIONIEHUSI HAXOUTCS TI0 (opMYyIIe:
Aw= %{2(r0 +v)+2(To+v)+2k/nAU .

34ech UIMpUHA HOBOTO MpoBajia beHHeTTa ¢ y4yeToM CTOJIKHOBEHUH C
W3MEHEHHEM CKOPOCTH MOJIEKYJ paBHAa CyMME€ [IByX IIPaBbIX CJIAra€MbIX:

2(F 0 +V)+2k\/;AU . Illupuna cBepTKH paBHa CyMME€ IIUPHH, TaK Kak 00a

CBOPAUYMBACMBbIX KOHTypa HMMCKOT MCIAJICHHO CIIaJaroIuc KPbIIbA. 3aTeM HOBBIU
IIpoBall bennerra CBOPAUMUBACTCA C CCUCHUCM IIOIJIOIMICHUS, IIUpPHUHA KOTOPOIOo —

9TO IEPBOC CliIaracMoc Bruaa 2(r0 + V) , 1 IIMpHWHa CHOBA paBHa CyMMC IIUPHH.

Yrpyrue CTOJKHOBEHHS C MajblM H3MEHEHHMEM CKOPOCTH  MOJIEKYJI
IIPOSIBIIAIOTCA B HEJIIMHEWMHOM 3aBUCHMOCTH IIMPUHBI PE30HAHCA HACBILICHUS
norjoumeHuss A@ OT fgaBieHus raza P B kwoBere. M HaoOGopor, HenmHeHas
3aBHCHUMOCTh IIMPUHBI PE30HAHCA YKa3blBAET HA HAJIMYUE YIOPYTrOro YIrJioBOTO
paccestHusl MOJIEKYJl APYT Ha ApPYyTe.

Bo3MOXHBI XO4 3aBUCHMMOCTM IIMPUHBI PE30HAHCA OT JABJICHUS rasa ¢
Y4YETOM BIIMSIHUSA CTOJIKHOBEHMM C W3MEHEHUEM CKOPOCTH IIPEJICTABIIEH Ha
CJIEIYIOLIEM PUCYHKE:

A®




371ech BepXHssl KpUBasi COOTBETCTBYET MEJIJIEHHO CIA/IAI0NIUM KPBUIbSM siJIpa
WHTErpaja CTOJKHOBEHHUH, a HWIKHSS KPUBask COOTBETCTBYET OBICTPO CHAJAOIIUM
KPBLIbSIM.

[Ipy HM3KMX JaBICHUSAX JHOOOE CTOJKHOBEHHE C HM3MEHEHHEM CKOPOCTH
BBIBOJIUT MOJICKYJy M3 PE30HaHCa, MOATOMY 00€ KpHBBIE OBICTPO BO3PACTAIOT C
pOCTOM  JABJIEHUSA, YTO COOTBETCTBYET 3aBUCHUMOCTU Aa):2(F0 +V+17).
2(v+V)

P

[Ipu OonbmIMX JABJICHHUSAX YIIUPEHUE CTOJKHOBEHUSMH C U3MEHEHHEM
CKOPOCTH TIEPECTAET BO3PACTATh C pOCTOM JAaBiieHUsi. COOTBETCTBEHHO, TAHICHC yTJja
2v
P

Ilepexom OT ONHOM JMHEWHOM 3aBUCHUMOCTH K JPYrOoM MPOUCXOAUT IMO-
pasHOMY B 3aBUCHMOCTH OT CKOPOCTM CIaJaHus KpBUILEB sApa HHTErpasia
CTOJIKHOBEHHUH.

Ecnu xpbuibs sifpa HMHTErpaja CTOJIKHOBEHMH CHaAal0T MENJICHHO, TO IIpHU

COOTBETCTBEHHO TAHI€HC YIJIa HAKJIOHA 3aBUCUMOCTH PAaBEH tg(a) =

HaKJIOHa 3aBUCHMMOCTH B 3TOM AHAIIa30HEC ,Z[aBJICHI/IfI pPaBCH tg(ﬁ) =

OONbIIMX OABIECHUAX A® = %{2(F0 + v) + 2(F0 + v) + 2k\/;AU} U CTOJKHOBEHHS C

U3MEHEHUEM CKOpPOCTH Jal0T IOCTOSHHYIO HE3aBHUCSILYI0 OT JaBJIEHUS J100aBKY
2k ~In-AU , 4TO COOTBETCTBYET BEPXHEU 3aBUCHMOCTH Ha PUCYHKE.
Ecimu kpeuibss sipa UWHTErpaja CTOJKHOBEHHMH CHAAalOT OBICTPO, TO

Aw= % 2(F0 + v) + \/(2(F0 + v))2 + (Zk\/;AU)z U TpU BBICOKOM JaBJICHUU

BKJIa CTOJIKHOBEHUM C HN3MCHCHHEM CKOpPOCTH mponagacT, TakK KaK

\/(2(F0 + v))2 + (2k\/;AU)2 r Z(FO + v). Kopenb  kBagpaTHbIi U3  CyMMBbI

KBaJpaToOB NPUMEPHO PaBeH OOJIBIIEMY U3 IBYX CllaracMbIX 6€3 KBajpara.
U3 5KCIEpUMEHTAIBLHOTO rpauKa, KpOMe CKOPOCTH CHallaHusl KPBUILEB sjpa
MHTErpaja CTOJKHOBEHMH, MOXHO Haiitn Benmumnnl 20, tg(a), tg(fB), R,

k\/; AU , KaK 3TO CJeJIaHO Ha pPUCYHKE IPUBEJACHHOM BHBIIIIE.
N3 cremyromux Tpex ypaBHEHWH, HCIONB3ysl W3MEPEHHBIC MO TpaduKy
BeNMuMHbI 217, tg(a) , tg( ﬂ), R, k\/; AU , MOXKHO HaTU TaKUE MTapaMeTpbl, Kak:



2v
I, =—
J8(h)=" |
2T+ PRy-tg(a)=2Tg+k-n-AU + By -tg(B)

14

n

r 0 +v
B ob6mactu naBneHuid, re 3aBUCUMOCTh UIMPUHBI PE30HAHCA OT JABJICHUS
HeJMHEeWHas, GopMa pe30HaHCa 3aMETHO OTJIMYAETCs OT JIOPEHIIEBCKON KPUBOM.



