IupuHa u dopmMa pe30HAHCOB HACBHINIEHUS] NMOTJI0LIEeHUS (HDOI[OJDKCHI/Ie).
3KCH€pI/IM€HTaHBHO HCCICAYIOTCA ABC 3aBUCUMOCTH.
1) 3aBUCHUMOCTbD IIUPHUHBI PC30HAHCA HACBIMICHUSA IIOITIOICHUA IIpU
OJHUHAKOBBIX 9aCTOTAaX BCTPCUYHLIX CBCTOBBIX BOJIH, KaK (bYHKI_II/I}I JaBJICHU I'a3a.

Q=0 => i, =0 =  Aw= 2(F0 + oy, (O)) , T1Ie
(0)~ N~ p=NkgT

memad)d)

Am

N3 »skcriepuMeHTa MOJYyYalOT BEJIWYUHY CTOJKHOBHUTEJIHHOTO YIIUPECHUS
pE30HaHCa HACBIIIEHUS TOTJIONIEHUS, PABHYIO TAHT€HCY YIJla HAKJIOHA rpaduka.
2). Hpyras 3aBUCUMOCTb, KOTOPYIO HCCIEIYIOT — 3aBUCUMOCTb IIUPUHBI

pesoHaHca HachlmeHus nornomenus Aw(V; )= 2(F0 + oy (Vz)) OT PasHOCTH

YaCTOT BCTPEYHBIX CBETOBBIX BOMH () MIM OT JIy4eBOH CKOPOCTH MOJIEKYII

(OpMHUPYIOIIUX PE3OHAHC 1/, = 2
2k

3aBHCHMOCTb LIMPHHBI PE30HAHCA OT JIy4eBOH CKopocTH Moiekyn Aw(1r, )

ONPEAETACTCS 3aBUCUMOCTBIO MOTEHIIMAIA B3aUMOJAEHCTBUSA MOJIEKYJI OT PACCTOSIHUA
MEXIY HUMHU V(r).

1
Ecnu V(r)~—n, TO MOXHO pPacCUUTaTh 3aBUCUMOCTH Aa)(vz) npu

pa3IMYHBIX BCIIMYHHAX IIapaMeTpa n. CpaBHeHI/Ie paCC‘IHTaHHOﬁ 3aBUCHUMOCTHU
AG)(VZ) C BKCHepHMeHTaHBHOﬁ 3daBUCHUMOCTBIO ITO3BOJEACT OIIPCACINTL BCIIMYHNHY

rmapaMeTpa n W CjelaTh BBIBOJ O IPeo0JIaaroleM MEXaHU3ME B3auMOJICHCTBUS
MOJICKYJI.
Kak moka3pIBalOT pacyeTbl 3aBUCMMOCTH IOTEHI[MAJIa B3aUMOJICUCTBUS BHUA

1 .
V(I”)N—n COOTBCTCTBYCT 3aBHCUMOCTL CCUCHHA TyllalllUX CTOJKHOBCHHH OT

r

. |
OTHOCHUTCJIBHOHM CKOPOCTH IIaApTHCPOB IIO CTOJIKHOBCHHIO BHA O'(V)N—a, rac
v
mapaMCTpbl n U & CBA3aHbI COOTHOIICHUCM!



2
o=—.
n—1
Tak i AUNONb — JAUMOJIBHOTO B3aMMOJCHCTBUSI MOJIEKYJ C TOTEHIMAJIOM

1 1
V ~— mojay4dacm, 4TOo CCUCHNC TYHICHHUA MUMCECT BUA O ~ —. Torna IMPOU3BCIACHHUC
v

3

o(1/)-V =const He 3aBUCUT OT OTHOCHTENIBHON CKOPOCTH MOIEKYI 1/, 8 CKOPOCTb

3aTyXaHus ypoBHs yj (v)=N- <o-k (h}v_ g‘) . ‘gn_ QD _, HE 3aBUCHUT OT CKOPOCTH
1%

MOJIEKYJIBI, HE 3aBHCUT OT TEMIIEpATyphl ra3a, He 3aBUCHT OT IPOEKIMU CKOPOCTH

MOJIGKYJl Ha JIyd, TaK Kak Oy (‘37"— 37‘)-‘37'— 37" =const. COOTBETCTBEHHO, OT

CKOpPOCTH MOJICKYJ HC 3aBHUCHUT CKOPOCTHb 3aTyXaHHUS ITOJIIPU3aAlIHNN F(V) =const, u

IIMPHHA PE30HAHCA HE 3aBUCUT OT JIyYEBOM CKOPOCTHU MOJIEKYJI Aa)(vz) = const .

DTOT pe3yAbTaT NOCTATOYHO YAMBHUTENEH, TaK KakK, Ka3aJloch Obl, 4eM ObICTpee
ABWOKYTCS MOJIEKYJBI, TEM 4Yalle OHH CTAJKUBAIOTCS, W TEeM OOJbIIe
CTOJKHOBUTEJILHOE YIIUPEHUE PE30HAHCOB.

3). VmwupeHue pPE30HAHCOB HACBINMICHUS TMOJIONICHUS Je(a3upyronmmMu
CTOJIKHOBEHUSIMU MOJICKYJI.

Mornekyna, B3auUMOJICHCTBYIONIAsI CO CBETOBBIM IOJIEM, MPEJCTABIsAET COOOM
OCIIJITUPYIOIIUNA HA YACTOTE TMOJISI JUMOJb. BO BpeMs CTOJIKHOBEHHS JIBYX MOJIEKYJI
¢daza OCHUJUTUPYIOLIETO TUTIONSI MOXKET CKauKOOOpa3HO CIBUHYTHCS, YTO HA3bIBAIOT
neda3upoBKOM TUTOJIEH.

CBeToBOE MMOJI€ PaCKaYMBAET SJEKTPUUECKUE JTUIIONH MOJIEKYJ C ONTHYECKON
yacToTol. Bce aumnonu coBepmiaroT kosiebanusa cuHpazHo. COoi (a3pl numosns
YMEHBINIACT TMOJSIPU3AIMIO CPEAbl, TaK KaK yMEHbBIIAeT CpeJHee 3HaueHUe
JAUTMOIPHOTO MOMEHTa MOJIEKYJ. YMEHBIICHHE CPETHEro 3HAYCHHs] OCOOCHHO SICHO
BUJIHO, €Clii 1ociie ¢0osi (pa3bl JUMONb COBEpIIaeT KoJjiebaHusi B MpoTuBO(daze 1o
OTHOIICHHUIO K OCTAJIbHBIM JIUTIOJISIM, KOTOPBIE PACKAYE€HBI CBETOBBIM ITOJIEM.

HedazupoBka numosned paspyiiaeT MOJSPU3ALMIO CPEIbl, HO HE H3MEHSET
3aCEJIeHHOCTH YypoBHeH sHepruu. CrenoBaTenbHO, AePazsupyroUde CTOIKHOBEHMS
JAI0T BKJIAJl B CKOPOCTh 3aTyXaHUs Mosipu3anuu [, HO He JaloT BKJIAJl B CKOPOCTh
3aTyXxaHMsl YpOBHEH | U ¥, . B pesynprare nedasupyromniyie CTOJIKHOBEHHS MOJIEKY

+
HapylmarT COOTHOIEeHuE [ = 7/177/2 .

MexanusM neda3upoBKU MpPU CTOIKHOBEHWH MOJIEKYJ CTAHOBUTCS SCHBIM M3
aHaJau3a 3aBHUCHUMOCTH HM3MEHEHUS JBYX CBS3aHHBIX MEPEXOAOM YPOBHEW DHEPIUHU
MOJIEKYJIBI BO BPEMS CTOJIKHOBEHHUS.



h&)zl

BepxHuil ypoBeHb 3Hepruun £, BO BpeMs CTOJIKHOBEHHs OOBIYHO CIIBUTAETCS
CUIbHEE, YeM HWXKHMH ypoBeHb £Ej. B pesynbrare Ha BpeMs CTOJIKHOBEHUS
U3MEHAETCS YacTOTa ONTUYECKOIO MEPEX0A )1 .

OHepruu ypoBHeW E; U E, 3aBUCAT OT PACCTOSHUSA MEXKIY MOJEKYJIAMH 7 .

Tormga u yacrora nmepexoaa 3aBUCUT OT PACCTOSAHUA MCKAY MOJICKYJIAMH B ITPOLCCCE
CTOJIKHOBCHUA .

w1 (r)= Ez(r);El(r) ,TIe r :\/bz +(V’t)2 .

COoit (a3pl BO BpeMsi CTOJIKHOBEHHUS — paBEH OlepekeHuto ¢asbl B
pe3yibTaTe CTOJIKHOBEHUS IJIsi PEaJbHOTO JUIOJSI OTHOCUTEIBHO (Da3pl AMMOIS,
4acTOTa KOTOPOTO HEU3MEHHA.

daza — 3T0 qacToTa, YMHOXCHHAA Ha BPCM:I. TOFI[a Pa3HOCTb (1)213 — OTO
HHTCTPAJ I1I0 BPCMCHU OT PAa3HOCTHU YdCTOT:
+00
U(b,V) = j ((021 (I’(b,}f,l‘)) — a)zl)dl .
—o0

Yepes cOoit (a3bl 77 IpU CTOJKHOBEHHH BBIPAXKAIOT CEUEHUE Ae(Pazupyrommnx

CTOJIKHOBEHUU O :
o0

o(v)= J (1 — cos(n(b,v))) 27b-db.
0
OG6CyIiM, TOUEMy 3aBUCUMOCTD CEUeHHs o OT c60s Gas3kl 77 MMEHHO TaKas.

Ecau cOoil da3el paBeH 77, TO BKJAJ JUIONS B MOJSPU3AIUIO OCTAIBHBIX
JUTIOJIeN YMHOKAeTCs Ha COS(I]) , @ U3MEHEHUE BKJIaja — Ha 1 — cos(n).

DTO TaK Ha3bIBAEMOE CEYEHUE YIIIUPEHUSI.
Kpome ymmpeHus coekTpaidbHOW JIMHUM JAe(a3upyrolife CTOJKHOBEHUS
IPUBOJAT CIlE€ U K CABUTY JIMHMH. B KauecTBe CEYEHUs CIABUTA O, INPUHUMAIOT

CIIEAYIOLIEE BBIPAKECHUE:
e )
Geos (V)= [ sin(n7(b.1r))- 27b - db .
0

CnBur MOXKET OBITh MOJIOKUTEIBHBIM M OTPHUIATEBHBIM, CJIEAO0BATENbHO,
MOJbIHTErpalibHas (PYHKIUS JOHKHA ObITh HedueTHOW (yHKIuer cOos a3l 7.



Kpome Toro, c6oii a3l Ha 27 HUYErO HE U3MEHSAET U HE JOJDKEH J1aBaTh BKJAJ B
CEYEHUE CJIBUTa, TaK XK€ KaKk W B ceudeHWe ymupeHus. CraegoBaTenabHO,
MO/IBIHTETPATIbHBIN MHOKHUTEINb J0DKEH ObITh Mepruoandeckoit pyHkimuen coos (aszpl
n ¢ nepuoaoM 27 . [lpocreiimeit Takol GyHKIKEH SABISIETCS CUHYC.

C cedyeHueM yUIMpEHUs] O CBs3aHa 4acToTa JAehasupyroNuX CTOJIKHOBEHUI

Fdecﬁ:
Coey (1) = N{o (7= 7])-[7=7]) _, = [ (7= ) [~ 7] Ny - a7

31ech G(‘ﬁ"— 37")-‘37"— 37" — 00BEM, KOTOPBHIA HAJIETaeT Ha MOJEKYIy B
eIMHULLY BpeMeHHU; N7+ -d/' KOHIEHTPALKs HAICTAIOMIIX MOJCKYI CO CKOPOCTSIMH
B o00beMe di/' B NOPOCTPAHCTBE CKOPOCTEH  HANETAIOMIUX  MOIEKYJL;
0(‘17'— 17‘)-‘?'— ﬁ‘-Nﬁ--dﬁ” — 4acTOTa CTOJIKHOBEHHMM DPacCMAaTpUBAEMOM HaMU

MOJIEKYJIBI ¢ MOJIEKYJIaMHU B 00beMe d1/' MPOCTPaHCTBA CKOPOCTEM.
B popmupoBanum pesoHaHca HaCBIIIEHUS MOTJIOMICHUS YYaCTBYIOT MOJIEKYJIbI
C OJJMHAKOBBIM 3HaUY€HHEM JIy4€BOW CKOPOCTH 1/, , IO3TOMY 4acTOTy Ae(asupyrommx

CTOJIKHOBEHUU raed) (V) paCCManI/IBaeMOﬁ MOJICKYJbBI HaAO0 YCPCIAHUTL IIO

MOJIEKYJIaM C Pa3HbIMH MOJYJISIMH CKOPOCTH I/ M (PUKCHUPOBAHHOM MpOEKIMEH
CKOPOCTH /, Ha JIy4:

mlff

+00 _
0

27Z'kBT

OddexTuBHAsT CKOPOCTh 3aTyXaHHs HEIWAroHAJIBHOTO 3JIEMEHTA MAaTPHIIBI
IUIOTHOCTA JUIS MOJIEKYJI ¢ (UKCHPOBAHHBIM 3HAUEHHUEM JIYUCBOW CKOPOCTH
CKJIQJIBIBAETCS U3 CKOPOCTH CIIOHTAHHBIX IEPEXOJ0B CKOPOCTH TYIICHUS U CKOPOCTH
neda3upoBKU:

Fagbqb (Vz ) =g+ mewaqbqb (Vz ) + Fdegbgqbqb (Vz) :

[IIupuHa pe3oHaHCa HACBIIIEHUS MOTJIOLIEHU BABOE OOJIbIIE 3TOM CKOPOCTH
3aTyXaHUs:

Aw= Zrad)d) (VZ) .

4). YmupeHue pe30HAHCOB HACHIIEHHUS IOMIONIEHHS JACOPUECHTUPYIOIIUMHU
CTOJKHOBEHUSIMH MOJEKYIL.

JleopueHTaniusi — TOBOPOT JIMHUM KOJICOAHUN JUIONS MOJICKYJBl MpHU
CTOJIKHOBEHUH MOJICKYJI.

YdeT U3MEHEHHUSI OPUEHTAIIMM MOJIEKYJbl MPU CTOJIKHOBEHHH JIOCTATOYHO
CIIOKEH, U MBI He OylIeM ero mojapoOHO paccMarpuBaTh. OrpaHUYHUMCS TE€M, YTO
TaKW€ CTOJKHOBECHHMS MOXHO YYECThb B BHJIE€ CJIAaraéMoro B CKOPOCTH 3aTyXaHHUs
MOJISIPU3AIIMHI CPEIbl AaHAJIOTMYHOTO CJIaraéMbIM TYIICHHS U Aeha3uPOBKHU:

Fagbqb (VZ) = F() + mewaqbqb (Vz) + Fdeqbaqbqb (Vz) + Fdeopuengd)qb (Vz) )
[[IupuHa pe3oHaHCca HACBILEHUS MOTJIOIIEHHS BABOE OO0JIbILIE ITOM CKOPOCTH:
Aw = Zrad)d) (VZ) .




5). BausiHue CTOJIKHOBEHHUI ¢ M3MEHEHUEM CKOPOCTH MOJEKYJ Ha INMHUPHUHY U
(hopMy pe30HAHCOB HACHIIICHUS NOTIOIIEHHUSL.

PaccMoTpenune CTOJIKHOBEHHI ¢ M3MEHEHHUEM CKOPOCTH y100Hee MPOBOJIUTH B
J1a00paTOPHOH CHCTEME OTCUeTa, a He B CHCTEME OTCUeTa MOJICKYJbl. B aTOM ciyuae
yI00OHO CYHUTaTh, YTO SJEMEHThl MATPUIIbl IIOTHOCTH HMEIOT JOMOJHUTEIbHBIN
COMHOXXHTEJIb NI7 — pacCHpelesieHHE KOHIUEHTPAlMM MOJIEKYJ IO BEKTOPY

ckopoctd. Bennumna Npj-dV paBHa KOHLCHTpAlMH MOJIEKYJ, BEKTOP CKOPOCTH

KOTOPBIX 3aKaH4YMBaeTcs B o0beme dV mpocTpaHcTBa ckopocTeil. B TakoMm ciydae
Py — Daclpe/elicHHe 3aceJICHHOCTH MEPBOTO YPOBHs IO BEKTOPY CKOPOCTH.

AHaJIOTHYHBINA CMBICI UMCIOT Py p U Oo 7 -

Kamnoe YPaBHCHHUC [JIs1 MAaTpHIbl INNIOTHOCTH HYXHO AOOIIOJJHUTHL IBYM:A
cllaraeMbIMH. ODTO ABa HHTCTPAJIBHBIX CJIaraCMbIX B HpHBGIIGHHOﬁ HMWXKC CHUCTCMC.
KpOMe TOro, OS9JICMCHTBI MAaTpPHIbl IUIOTHOCTH, ABJISACH PACHPCACICHUAMHA 110

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

. E
PLV T NPT = 71,010117 —ipT(t)(Pm? ‘/’2117)+
+IAll(V'»V)Pllﬁ'dﬁ'_pllﬁj“lll(V’V')dﬁ'
n

o 0 PE(?)
Pyt V2P0 =72Px0ny t1 . Py — Py

5

+ [y (77) a7 = poy s [ Ay (7,77 a7

) ) _pE(t
Py i Py +1py 5 :l#(fom? _102217)+
+jAzl(V',V)pzlﬁ.dﬁ'—pmjAm(V,V')dV'
) op: op;
rae P = 'g;k +V, gZ’k.

[Ipoananu3npyeM HOBBIE CJaraéMbleé CHUCTEMbl Ha NPUMEPE MEPBOTO
ypaBHEHUSI:

o o . PE(1)
Pyt NPy = NPy~ P T Pay

+IAII(V"V)pllﬁ'dﬁ'_pllﬁjAll(V’V')dﬁ'
[logpIHTErpAIBHOE BBIPAXKEHUE BO BTOPOM HHTETpAJIE All(V,V') dV' — 3710

BEPOSITHOCTh yXOJa MOJICKYJIBI B €IUHUILy BpeMEHU B 00beM dV' B MpOCTpaHCTBE
CKOPOCTEH, €CIIM MOJIEKYJIa HAaXOJUTCS Ha 1-M ypOBHE SHEPIUU U UMEET CKOPOCTh V.
31ech NepBbI UHTETPAJIbHBIN YIEH IAI | (V',V) py17dV" mpencrasiser codoi

4acTOTy NMPHUXOAa B €JUHUYHBIA 00BEM B MPOCTPAHCTBE CKOPOCTEN M B €IUHUYHOM



00beMe B 0OBIYHOM MPOCTPAHCTBE HA YPOBHE | 3a CUET CTOJIKHOBEHUMN C N3MEHEHHEM
CKOPOCTH MOJIEKYL.

Bemnuuna 4, (V', V) Ha3bIBACTCS SIPOM MHTETpasa CTOJKHOBEHUH.

B pacucTax IIOBCACHHA 3JSJICMCHTOB MATPUOBLI INIOTHOCTH HCIIOJIB3YIOT TaK
Ha3bIBACMBIC MOJCJIBHBIC dpa HHTCTPalla CTOHKHOBGHHﬁ. I‘Iaﬂle BCCTO HUCIIOJIB3YCTCA
MOZACIBHOC AOpO KGHBCOHa — CTOpepa. HaC HHTCPCCYIOT 3aBUCHUMOCTH
pacCMaTpuBaCMbIX BCJIMYHH TOJBKO OT queBOﬁ CKOpOCTH. B TaKOM CJlIydac Aapo
Kenscona — Cropepa UMeET CIIeAyIONINI BHI:

(Vz'—a Vv, )2

Uk

! AU

A(VzaVz):i'e (AU)
NTAU

DTO SApPO ONHCHIBAET CTOJKHOBEHHUS C HM3MEHEHHEM JIY4eBOM CKOPOCTH

V,—V,.3necb Ay — 4acToTa CTOJIKHOBEHUHN C U3MECHEHHEM CKOPOCTHU I OJHOMI

a<l
MOJICKYJIbI, ) . AU = \ll—azU , rae U = 2kpT — HauboJiee BeposiTHAs
—a << m

+00
CKOPOCTb MOJIEKYT, Ay = I A(VZ,VZ')d V; .

Jpyroii cMbICI siApa UHTETrpajia CTOJIKHOBEHUN COCTOMT B ciienytouieM. [lycTh
pacupesiesieHue paccMaTpUBAEMBIX MOJIEKYJ O JIy4€BOM CKOPOCTH MPEICTaBISET

coboii nenbra QpyHkiuo upaka: o (VZ Vo, ) Tornma mociie OJJHOTO CTOJKHOBEHUS
A7, .7
4

IIpu srom s sppa Kenscona-Ctopepa AU — mmMpHHA pacnpeneiacHus
I10CJIE OAHOIO CTOJKHOBEHUSA MOJEKYIL, (l—a)U — XAapaKTEPHBIM CIBHUI LEHTpa

MOJICKYJI pacCIIpCaCIICHUC IIPUMCT CJ'IGI[YI-OHII/Iﬁ BUJI:

TSOKECTH PACIPEIEIICHHUS TTOCIE OJJHOTO CTOJIKHOBEHHSI.

Pacuer Ha ocHoBe auddepeHImaIbHbIX YpaBHEHUH ISl MATPUIIBI TIFIOTHOCTH C
y4E€TOM MHTETPaJIOB CTOJIKHOBEHUN TMPUBOJUT K pe3yjbTaTaM, KOTOPHIE MBI
pPaccMOTPHUM Kaue€CTBEHHO.

[Ipy HM3KOM JaBICHUM Tra3a KaXKJI0€ CTOJIKHOBEHHE JOCTATOYHO CHIIBHO
M3MEHSIETCS Jy4eBYIO CKOPOCTb, YTOOBI MOJIEKYyJia BbIIUIA M3 Habopa MOJEKYI
dopMupyromux pe3oHaHc. B 3ToM ciydae ympyroe paccestHue € HW3MEHEHHEM
CKOPOCTH JKBHBAJIEHTHO TYIIAIIUM CTOJKHOBEHUSIM. COOTBETCTBEHHO IIMPHHA
pEe30HAHCA HACHIIICHUS TMOTJIONMICHUS! TPU HHU3KOM JIaBICHUH Ta3a OIpeaesieTcCs
cienyromiei GopMyIioif:

Ao=2(Ty+v+V),



rae I'g — dYacTora CIIOHTAHHBIX NEPEXOMOB UIA OJHOW MOJEKYJBI;, V —

yacToTa TYyUIeHUs, Je}a3supoBKH U JICOPHEHTAIMH; V — YacToTa YIPYrux
CTOJIKHOBEHHMM C U3BMEHEHUEM CKOPOCTH.

[Ipy OTHOCHTENBHO BBICOKOM [ABJICHHHM Ta3a YYeT CTOJKHOBEHUH C
M3MEHEHHEM CKOpPOCTH Oojiee clokeH. B 3ToM ciydae CTONKHOBEHHE MOJICKYI
HECKOJIBKO M3MEHSET JyYeBYIO CKOPOCTh MOJIEKYJ, HO M3MEHSET €€ HEe HACTOJIBKO,
yTOOBI MOJIEKYJIA BIIIUIA U3 Ha0opa (OPMUPYIOIIETO PE30HAHC.

Brenem o603HaueHue:

|4

n — YHCJIO CTOJIKHOBECHUM C U3MEHCHHUEM CKOPOCTH 3a BpEMs

FO +v FO +v
3aTyXaHHMs NOJISIPU3ALNHN 110 IPYTUM PUYAHAM.

C 5TUM 4YHMCIOM 7 CBsS3aHA BEIMYMHA YIIMPEHUS PE30HAHCOB HACBIILICHUS
ITOTJIOLEHHS.

[Iycte AU — nosiymmmpuHa 1o JIy4eBOM CKOPOCTH I CTOJIKHOBUTEIBHOTO
AIpa WIM CPENHEKBAAPATUYHOE H3MECHEHUE JIy4eBOM CKOPOCTH 3a OJHO
CTOJIKHOBEHHME C U3MEHEHUEM CKOPOCTH.

Torna Jn AU — CPEAHEKBAAPATUIHOE U3MEHEHUE JIy4EBOM CKOPOCTH 3a 7
CTOJIKHOBEHMI MOJIeKyJl. KBaapaTHBII KOpPEHb CBSI3aH C TE€M, YTO €CJIM YEJOBEK
PABHOBEPOSTHO J€JIaeT 1Iar BJICBO WIM BIPABO, TO CPEAHEKBAIPATUYHBIA yXOJ OT

HayaJbHOTO IIOJIOXKEHUS 3a 7 11aroB pPaBeH Jn. Bemmumna 2+/n-AU paBHa
YIINPEHUIO IpoBajia beHHeTTa B paclnpeneseHu pa3HOCTH 3aCEJIEHHOCTEN ypOBHEH
I10 JIy4€BOU CKOPOCTH.

Torma Aw=2k ~n-AU — yIIMpEHUE ITpoBaja beHHeTTa B mKae 4acTor.
C yderoMm 53TOro yuIMpeHHs HOBBI mpoBan beHHeTTra — 3TO pe3ynbrar
CBEpTKH cTaporo mposana bernerra wmm Jloperna ¢ wmmpuroit 2(Ig+v) u

KOJIOKOJIO00pa3HOU (PYyHKIIMU C IMUPUHOU 2k - Jn-AU.
HamoMHuM, 4TO 1O OmpeneNeHuo, CBEPTKONW (QYHKIUN [ U ¢ sBIsSETCA

CJIeyIoIlas BeIU4HHA:
+00
(fop)(y)= [ /S (y+x)-p(x) dx.
—o0
[IIupuHa CBEPTKH JBYX KOJIOKOJOOOpa3HbIX (PYHKIMH f W ¢ 3aBHCUT OT
CKOPOCTH CITaJJaHUs UX KPBLILEB.
. . 1
Ecnu xoTs Obl y 0J1HOM U3 IBYX (DYHKIMI KpPbUIbs CHAJA0T ObICTpEE, YEM — >
X
T0 mmpuHa cBepTkH A(f o go) NpUOJIM3UTENBHO paBHA KOPHIO KBAJPAaTHOMY U3
CYMMBI KBaJpaToB WUpUH Af U A@ IBYyX CBOpauMBaeMbIX (DYHKIIUIA:

AL o 0)=\(&7) +(ap)’

Ecnu kpbUibst 00eux GyHKUMNA [ U @ cHajaroT, Kak —5 HIIM MEJICHHEE, TO:
X




A(fop)=Af +Agp.

Kpbuibst caMoil cBepTKH BenyT ceOsl, KaK KpblLIbsi O0Jee MEIJICHHO CIafaromien
(yHKLIMH U3 IBYX CBOPAYMBAEMBIX (QYHKIHUU.

B pesynpraTe ¢dopmyna mjid MIMPUHBI PE30HAHCA HACBHIIICHHS MOTJIOLIEHUS
OTJINYAETCS B JBYX CIIy4asX.

[lepBbIli citydyall — KOTJa KpbUIbSl AIpa WHTETPaAja CTOJIKHOBEHHUM CIIAArOT

6BICTp0, 6I>ICTpee 4cM . Tor;[a IMUpHHAa PC30HAHCa IIPpU OJHOBPCMCHHOM

12
‘VZ—VZ‘

HU3MCHCHHUHU YaCTOT BCTPCUHLIX BOJIH HAXOIUTCA 110 CJ'IGI[YIOHIGﬁ (bOpMYHC:

Ao =% 2Ty +v)+ \/(2(1“0 #0)) + (2knAU )

371ech WMMpPUHA HOBOTO mNpoBaja beHHeTTa ¢ y4eTOM CTOJNKHOBEHHH C

M3MEHEHHUEM CKOPOCTH MOJIEKYJI paBHA \/(2(FO + v))2 + (2kx/;AU)2 , TIe 2(F0 + v)

— IIHpHHA CTAaporo IIpoBalia bennerra 0e3 yucTa CTOJIKHOBEHMH C HM3MEHCHHEM

CKOpPOCTH kAU — VIIMPEHUE TpOBaJIa bEHHETTa CTOJIKHOBEHUSMHU C
M3MEHEHHEM CKOpPOCTH. bpIcTpocnajaromme Kpblibs siApa UHTErpalia CTOJIKHOBEHUN
OTPENIEIISIIOT TO, YTO IIMPHUHA HOBOTO MpoBajia beHHeTTa CKIIabIBaeTCs, KaK KOPEHb
KBaJ[paTHBI M3 CyMMbl KBajpaToB. Kpbuibsi HOBOro mpoBasia beHHeTTa cmamaroT
MEIIJICHHO, KaK W KpbUIbsl cTaporo mnpoBana bennerra. [losTroMy mmpuHa CBEpTKHU
JlopeH1ia ceueHus MOTJIOMEHUS C IUPUHON 2(F0 + v) 1 HOBOTO npoBasia bennerra ¢

HIMPUHON \/ (2(FO + v))2 +(2k\/;AU )2 paBHa cymme ux mupud. Koadduruent %

CBSI3aH C T€M, 4YTO MPH OJMHAKOBBIX YACTOTAX BCTPEUHBIX BOJIH CBOPAYHMBACMBbIC
KOHTYpPbI JBUTAIOTCA HABCTpPEUy APYr HAPYyry IO OCH JIY4YE€BOM CKOPOCTH IMpHU
M3MEHEHHMH YaCTOTHI T€HEPALUN J1a3epa.

Bropoit cmywalli — KpbUIbS sIpa MHTETpajia CTOJKHOBEHUW CIAJIA0T

1
MCIJICHHO, KakK —2 nim cCimc MCIAJICHHCEC. TOI‘II& MIpHUHa PC30HAHCA
Vz _Vz

HaCBIIICHU ITOTJIOIICHUA HAXOAUTCA I10 (bOpMy.]'ICI

Aw= %{2(r0 +v)+2(Tg+v)+ 2k/nAU .

371ech IIMpPUHA HOBOIO MpoBalia beHHeTTa € y4yeToM CTOJIKHOBEHUM C
W3MEHEHHEM CKOPOCTH MOJIEKYJ paBHa CyMME [IByX IIPaBbIX CJIaraeMbIX:
2(F0+v)+2k\/;AU . IllupuHa cBepTKM paBHA CyMME IIUPUH, TaK Kak o0a

CBOPAYMBAEMBIX KOHTYpa HMEIOT MEIJICHHO CIIAJAal0IINE KpbUlbs. 3aTE€M HOBBIN
npoBasl beHHeTTa CBOpAaYMBAETCS C CEYEHHMEM MOIVIOLIEHUS, MIMPUHA KOTOPOTro —
ATO MEPBOE CIAraeMOe BUAA Z(FO + v) , I IIHPVHA CHOBA PaBHA CYMME€ LIHPHH.



Ynopyrue CTOJKHOBEHHMS C MaJblM HM3MEHEHHUEM CKOPOCTH  MOJEKYJI
NPOSIBIISIFOTCA B HEJIMHEMHOW 3aBUCHUMOCTH IIUPHUHBI PE30HAHCA HACHIIICHUSA
moryionieHuss A@ OT JaBieHus raza P B kwoBere. M HaoOOpOT, HeIWHEHHAas
3aBUCHUMOCTh IIMPUHBI PE30HAHCA YKAa3bIBACT HA HAIWYME YIPYTrOro YrioBOTO
paccestHusl MOJIEKYJI IPYT HA APYTeE.

B03MOXHBIM X0/ 3aBUCUMOCTH IIUPHUHBI PE30HAHCA OT JABJIEHHUS Ta3za C
YYETOM BJIMSIHUS CTOJKHOBEHHM C M3MEHEHHEM CKOPOCTH MPEJCTABICH Ha
CJIIEYIOIIEM PUCYHKE:

Awm

2T,

OP[]

31ech BEpPXHSsI KpUBasi COOTBETCTBYET MEJICHHO CITAIAfOIIUM KPBUIBSIM sIpa
WHTETpajia CTOJIKHOBEHUW, a HWKHSS KPUBas COOTBETCTBYET OBICTPO CITaIAfOIIAM
KPBLTBSIM.

[Ipn HU3KHX JaBICHUSAX JF000€ CTOJKHOBEHHE C HW3MEHEHHEM CKOPOCTH
BBIBOJIUT MOJIEKYJIy M3 PE30HAHCA, MOATOMY 00€ KpHUBBIE OBICTPO BO3PACTAIOT C

pOCTOM  JABJIEHUS, YTO COOTBETCTBYET 3aBUCUMOCTHU Aa):2(F0 +v+17).
2(v+V)
P

[Ipn OonbmIMX JABICHUSX VYIIMPEHUE CTOJKHOBEHUSIMU C HW3MEHEHHEM
CKOPOCTH TIEPECTAET BO3PACTATH C pOCTOM JAaBiieHUsI. COOTBETCTBEHHO, TAHICHC YyTJjia
2v
P

[lepexox OT OAHOW JIMHEWHOW 3aBUCUMOCTHM K JPYrOd IPOUCXOJIUT IIO-
pasHOMY B 3aBUCMMOCTH OT CKOPOCTH CIAaJaHWs KpBUILEB sApa HHTErpaia
CTOJIKHOBEHU.

Ecnu xpeuibd sigpa MHTErpana CTOJIKHOBEHHMH CNAAar0T MEMJICHHO, TO IpHU

COOTBETCTBEHHO TAHTCHC yTJjia HAKJIOHA 3aBUCHUMOCTH PABCH tg(a) =

HAKJIOHA 3aBHCHMOCTH B 3TOM JIMAIla30He NaBJIcHUil paBeH fg () =

GONBIINX JABICHUAX A® = %{Z(FO +v)+2(Co+v)+ 2k\/;AU} M CTOJIKHOBEHHS C

VU3MEHEHNEM CKOPOCTH JAl0T IOCTOSHHYIO HE3aBUCSIIYI0 OT JABJICHUS 100aBKY
2k -Nn-AU , UTO COOTBETCTBYET BEPXHEU 3aBUCUMOCTH HA PUCYHKE.
Ecin kppuibss sipa HWHTErpaja CTOJKHOBEHHMH CHAAal0T OBICTPO, TO

Aa):% 2(F0+v)+\/(2(FO+v))2+(2kx/ZAU)2 M TIPH BBICOKOM JaBJICHHH




BKJIazj CTOJKHOBEHHU M C HN3MCHCHHUECM CKOpPOCTH mpomnagacrt, TakK KakK

\/(2(F0 + v))2 + (2k\/;AU)2 ~2(Ty+v). KopeHp KBaipaTHBIi M3  CyMMEI

KBaJpaToOB IPUMEPHO PaBEH OOJIBLIEMY U3 JIBYX ClIaraeMbIX 0e3 KBajpaTa.
U3 sKCHepUMEHTaIbHOTO IpadyKa, KpOMe CKOPOCTH CHafaHus KPbIIbEB Aapa
MHTErpana CTOIKHOBEHHH, MOXHO Haiitm Bemmumubl 20, tg(a), tg(f). R,

k/n AU , kak 5To cieaHo Ha PUCYHKE IIPUBEICHHOM BBILIE.
N3 chedyloluX TpeX YypaBHEHWH, HCHONb3ys H3MEpEHHbIE 10 TpauKy
senmunnsl 21, tg(a), 1g(B), R, k/n AU , MOXKHO HaifTH Takue mapamMeTpbl, Kak:

2(p) =~

~

14
n=——
F0+V

B oOnactu paBneHuid, rjae 3aBUCUMOCTH IIUPUHBI PE30HAHCA OT JABJICHHS
HeJIMHEeWHas, hopMa pe3oHaHca 3aMETHO OTJIMYACTCS OT JIOPEHIIEBCKOW KPUBOMA.

HecToJIKHOBHUTEIbHbIC IPUYUHBI YHIUPEHHUS PE30HAHCOB HACHILCHUS
MOLJIOLICHUS.
OTU ymupeHuss OObIYHO paccMaTPHUBAIOTCA, KakK Iapa3uTHBIE, MeEIIalolue
M3YYEHUIO MOJICKYJISIPHBIX CTOJIKHOBEHHUM.
1). YumpeHnrue MOIHOCTBIO JIA3€PHOTrO JyYa.

Aw= F(l +/1+ G) — IIMPUHA pEe30HaHCa NPU OJHOBPEMEHHOM H3MEHEHUHU

2
1 1) R
4aCTOT BCTPEYHBIX BOJH. 31ech G=| —+— |

E — (axkTop HACBIIICHUS WU
n n

Oe3pa3mMepHas MOIITHOCTh CUJIBHOM CBETOBOM BOJIHBI, R = % — gacTtoTta Pabwu.

HpI/I OI[I/IHaKOBOI‘/JI MOIDHOCTH BCTPCUYHBIX BOJIH

Ao =2INV1+G.

2). IlponeTHoe yIIUpeHue.
JIto6ast MoneKysla MMEET COCTaBIIAIOIIYI0 CKOPOCTH V| IepHeHAUKYJISPHO

My4Ky Jydeu. 1o 3ToM nmpruyumHe MOJIEKyJIa IPUMEPHO 3a BpeMsl 7 zﬂ IIpOJIETACT
L

4yepes My4ok, rae D — nuametp mydka jgyden. C TOYKH 3peHHs] MOJIEKYJIbI CBETOBOE

I10JIE BKJIFOYAETCA TOJIBKO HA BPEMS 7 IIPOJIETA Yepe3 JIyd, CIEI0BATEIbHO, CBETOBOEC



IMOJIC B CUCTEMC OTCUCTAa MOJICKYJIbI HC MOHOXPOMATHYHO W HUMCECT CIICKTPAJIbHYIO

lNV_J_

OIUPUH A®,,, ~ [HIupuna €30HAaHCAa HE MOXeT OBITh MEHBIIIE
np

CHGKTpaHBHOﬁ MU PHUHBI U3JIYYCHHA Aa)np . BGJ’II/ILII/IHy Aa)n Ha3bIBAIOT IIPOJICTHBIM

p
YIIAPEHUEM PE30HAHCOB.

[IposeTHOE yIIMpPEHUE NPUHUMIIMAIBHO IO-Pa3HOMY NPOSIBISIETCS B JIBYX
IIPEACIIBHBIX CIIy4asX, KOIZIa OCTAJIBHBIE VYIIMPEHHUS pPE30HAHCA BEJIMKHU 110
CPAaBHEHUIO C MPOJIETHBIM YIIMPEHWEM M KOTJa OCTAJIBHBIC YIIMPEHUS MAJIbl II0
CPAaBHEHUIO C IIPOJIETHBIM YIIMPEHHEM. BTOpOM cilydaili Ha3bIBalOT IPOJETHBIMU
YCIIOBUSIMHM PETUCTPALIMK PE30HAHCA.

B nepBoM ciyuae, Korzaa NnpoJIeTHOE YIIMPEHUE Majo, PE30HAHC HACHILICHHMS
MOTJIOIIEHHSI C YYETOM MPOJIETHOIO YIIUPEHUS MPENCTABISET COOOM CBEPTKY JBYX
KOHTYpoB. OJIMH U3 KOHTYpPOB — 3TO Pe30HaHC 0e3 yuyeTa MpoJeTHBIX 3(P(EKTOB,
BTOPOM — JTO CIEKTPAJIbHBIM KOHTYp JMHHUM HW3JIYyYCHHS Jia3epa YIIUPEHHBIN
KOHEYHBIM BPEMEHEM B3aMMOJEIHCTBUS YCPEIHEHHON MOJIEKYJbl C JIydoM. Kpbuibs
CHEKTPaJIbHOr0 KOHTYypa MOTYT CHaAaTh OBICTPO WJIM MEMJIEHHO, YTO OINpPEAEINIIETCS
3aBUCUMOCTBI0O MHTEHCUBHOCTH JIa3€PHOT0 IMYy4YKa JIydeld OT KOOPJAMHATHI MOMEPEK
ay4ya. COOTBETCTBEHHO IIMPUHA CBEPTKU (HOBas IIMPUHA PE30HAHCA) MOKET ObITH

2
ImoJIydycHa n3 CTapOﬁ MU PUHBI Aw 1o OHHOﬁ U3 ABYX (POPMYI Aw 2 +|Aw

U
il Aw + Awy,. 3neck Aw,, = 5 YCPEIHEHHOE MO Pa3HbIM CKOPOCTSAM MOJIEKYJI

2kgT
m

Bo Bropom ciydae (B ciayyae NpPOJIETHBIX YCIOBUM), KOTJa MPOJIETHOE
VIIMPEHHE PE30HAHCA BEJIHMKO M0 CPABHEHHUIO C OCTaJIbHBIMHM YIIMPEHUSIMH, (popma
pE30HaHCa CWJIBHO OTJIMYAEeTCs OT JIOPEHIEBCKOM. Pe3oHaHC mpenctaBisieT coOoi
CyMMY KOHTYPOB (POPMHUPYEMBIX MOJEKYJIaMH C Pa3HbIMU 3HAYEHUSMH CKOPOCTH
nonepek Jjgydya. Bpemst mposera MoJsieKyJbl 4yepe3 Jyd oOpaTHO HPOMNOPLMOHAIBHO
TOM TOMNEPEYHONl CKOpPOCTH, a CIEKTpajibHas IIHpUHA pE30HaHca MpsSMO
MPOMOPIMOHANIBHA MONEPEUHON ckopocTu. CremnoBarenbHO, PE30HAHC OKa3bIBAETCS
c(hOpMHUPOBAHHBIM U3 KOHTYPOB pa3HOil MMpHUHEL. [IpryeM y3kue KOHTypbl UMEIOT HE
pOCTO OOJNBIIYI0 aMIUTUTYy, HO Jake OONBIIYIO TUIOMaas. B pe3ynbTaTe mupuHa
pPE30HaHCa Ha MTOJIOBUHE €TI0 BBICOTHI B 3HAYUTEIBLHOW MEpe ONpenesieTcs IUPUHON
pEe30HaHca Uil MEJIEHHBIX MOJIEKYIL.

Bec y3kMX pE30HAaHCOB MOKHO JOIOJHUTEIBHO  YBEIUYHUTH IIyTEM
pPErHCTpalyd BTOPOU MPOU3BOIHON 3aBUCUMOCTH MOIIHOCTH CBETA HA IPUEMHUKE OT
4acTOThl TeHepanuu Jiazepa. CUTHAT Takol (OpMBI MOJIyHaeTcsl IPU CUHXPOHHOM
JNETEKTUPOBAHUM HAINPSDIKEHUS C MPUEMHUKA HA YABOEHHOM 4YacTOTE MOIYJIALMH
4acTOThl TeHepaluHu Jiazepa. VIMEHHO Tak pPEruCTPUPYIOTCS PEKOPIHO Y3KHE
PE30HAHChI HACBILEHUS MOTJIOIIECHHUS.

Haubonee y3kue pe30oHAHCHl, MOJYyYEHHbIE SKCHEPUMEHTAIBHO, HMMEIOT
LHIMPUHY IECATKH ['epi.

IIpOJIeETHOE ymupeHue, U = — Han0OoJiee BEposiTHAasi CKOPOCTh MOJIEKYI.



Ha cnemyrommux pucyHKax TIpuUBEIeHAa pacueTHas Qopma pe3oHaHca
HACBILLEHUST TIOTJIONIEHUS M BTOpas MpPOU3BOAHAas 3TOH (OopMbl B Cilydae, KOrjaa
IPOJIETHBIM YUIMPEHUEM MOKHO IpeHeOpeyb.

1
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Puc. 5. Bug nopeHnesckoro KoHTYpa (a) u ero Bropoii npoussogHoi (§)

Jlnst cpaBHEHHsI TIPUBEIEM pacueTHYIO (OpMy pe30HaHCa M €ro BTOPOH
IIPOM3BOIHOM B IMPOJICTHBIX YCIOBHAX, PACCUMTAHHYIO B paboTe:

Chardonnet Ch., Guernet F., Charton G., Borde Ch.G. Ultrahigh-resolution
saturation spectroscopy using slow molecules in an external cell. / Appl. Phys. B.
1994. V. 59. N. 3. P. 333-343.
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3). Yimmpenue pe30HaHCOB YIJIOM MEXIY BCTPEUYHBIMU BOJHAMM.
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[IycTp BCTpEUYHBIE CBETOBBIE BOJIHBI IPOXOIAT KIOBETY C MUCCIEAYEMBIM I'a30M
noa yriaom 6 gnpyr k apyry. HampaBum oCh z BIOJIb CUJIBHOM HACHIIIAIOMICH
MOTJIOIIEHHE CBETOBOM BOJIHBI, & OCh z' HABCTpeuy MPOOHON BCTPEUYHOM CBETOBOM
BOJIHE.

CuiibHasti CcBETOBas BOJHA BBDKHATAaeT NpoBal beHHETTa B pacnpeaciecHUn
Pa3HOCTHU 3aCENEHHOCTEN YPOBHEH, KaK (PYHKIIMH MIPOEKIIMH CKOPOCTH Ha OCh Z.



N, — N
]'Vz EVI

Vo

Ecaum mo ocu z mpoBan o4eHb Y3KHil, TO MO OCH z' TpoBaj OyAeT IIupe.
VYirpeHue BbI3BaHO TEM, UTO Ha OCh z' MPOEKTUPYETCS pacupeAcIeHUe MOJIEKYJII 1O
CKOPOCTSIM B IJIOCKOCTH NEPIECHANKYIISPHON OCH Z .

DTO YUIUPEHUE YIIIOM UMEET BEIIMUNHY

Awy=Awy-sin(0)=2kU-0, rtne Aw; — nomwiepoBckas —MHMpHHA
. 2r
CHEKTpaJIbHOW JIMHUH, k:7 — BOJIHOBOE umcio, U — Haubojee BeposTHas

CKOPOCTb MOJIEKYJI, € — yroJl MeX/a1y BCTPEUYHBIMU BOJIHAMHU.
Kpbuibst AOMIEPOBCKOTO KOHTYpa M, CJIEIOBATEIbHO, KPbUIbS €ro MPOEKIUU
cnagaroT OBICTPO, MO3TOMY UIMPHHA HOBOTO INpoBajia beHHeTTa paBHAa KOPHIO

o 2 2
KBAJpaTHOMy M3 CTapoil ImmpuHbl W ymmpenus yraoM +/(Awg) +(Aw,)”, a

HIMPUHA PE30HAHCA:

Aa):%{Aa)a+\/(Aa)5)2+(Aa)4)2}, e Aw, — IIMpHHA CEYEHHs

IIOTJIOIICHMA, AG)B — IIKMPHHA CTaporo mpoBajia bennerra.

4). Yimpenne chepuIHOCTHIO BCTPEYHBIX BOJIH.

EcTb nBe npuunHbl yIMpeHus: cPepruIHOCTbIO BCTPEUHBIX CBETOBBIX BOJIH.

[lepBas mpuuMHAa TPOSIBISETCS, €CIU BCTpedHass BoOJIHA (OpPMUPYETCS B
pe3ysibTaTe OTPaXE€HMsSI CBETa OT IUIOCKOrO 3epkayia. B 3TOM ciydyae BBINTYKJIOCTH
(hpOHTOB BCTPEUHBIX BOJIH HAIIPaBJIEHbI HABCTPEUY APYT JAPYTY:




b

YTO MPUBOAMUT K TOMY, YTO YrOJ MEXJIy BCTPEUYHBIMU BOJHAMHU W3MEHSETCS
IIPU NIEPEMELICHUM NIONEPEK ITydKa Jdydyed. OTIMYHbINA OT HYJISI CPEIHUM YIOJI MEXKY
BCTPEYHBIMH BOJHAMHU NPHUBOJUT K COOTBETCTBYIOUIEMY YUIMPEHHIO PE30HAHCOB
YTJIOM MEX1Yy BCTPEUHBIMU BOJTHAMMU.

Bropass nmpuuuHa ymupeHHs pe30HAHCOB IMPOSBISAETCSA NaK€ B TOM cllydae,
€CJIM YTOJl MEX1Yy BCTPEYHBIMU BOJTHAMU HYJIEBOM BO BCEX TOUYKAX Iy4Ka JIyUEi:

|
R

B »TOoM ciydae, ecnmu MoJeKyla CHadaida JBHXKETCS MEPICHIUKYISIPHO
BCTPEYHBIM CBETOBBIM BOJTHAM, KaK M HYXKHO U1 (popMUpOBaHUS pe30HAHCA, TO IO
Mepe TPSIMOJMHEWHOTO JBIDKCHHUS CKOPOCTh MOJIGKYJBI TIEpecTaeT  OBITh
IIEPIICHIUKYJSIDHOW CBETy. YIIMPEHWE PE30HAaHCA B JTOM CIIy4ae SIBIIIETCS
KOMOWHAIIUEH TMPOJICTHOTO YIIUPEHUS W YIIUPEHUS YTJIOM MEXAY BCTPECUYHBIMH
BOJIHAMU.

5). Kaapatuunsiii s dexr Jlonnepa.

Ecnu yctpaneHsl Bce apyrue amnmapaTHble MPUYUHBI YITUPEHUS PE30HAHCOB
HACBIIICHUS] TIOTJIONICHUS, TO TIOCICAHsS HEYyCTpaHWMas TMpUYMHA — 9TO
KBaApaTuuHbIil apdext Jomiepa.

[IycTh BCTpedHBIE CBETOBBIE BOJIHBI HMEIOT OJWHAKOBYIO YacTOTy @ B
1abopaTOpHON CHUCTEME OTCYeTa, TOr/a B MPHUOIMKEHUU JuHEHHoro sddexra
Jloriepa X 4aCTOTHI B CUCTEME OTCUETa MOJIEKYJIbI OYIYT PaBHBI:

a)'l =w—kV, :a)(l—ﬁj

C

c

a)'z =w+kV, :a)(1+2)

Eciu yuuteiBath 3ddext [lommepa ©O0e3 orpaHuyeHUss Ha JIMHEHHOE
npuOmKeHne, To (GOopMysbl JUIsl 4acTOT BCTPEUYHBIX BOJH B CHUCTEME OTCYETA
MOJIEKYJIbI IPUMYT CJEAYIOIIUNA BUI:



B YCIOBHUAX PC30HAHCA IIPOCBCTIICHUA CPCAbI 00€ YacTOTHI BCTPCUHBIX BOJIH B
CHUCTEMC OTCUYCTA MOJICKYJIbI PABHBI 9aCTOTC IIEPEXONA )1 -

1V
= @3]

O6a paBeHCTBa OJJTHOBPEMEHHO MOTYT OBITh BBITIOJIHEHBI TOJBKO MPHU YCIOBUU
V,=0.Torna

I[JISI KaXXJ0Ir0 3HA4YCHHA BCIMYHNHBI COCTaBHHIOHIGﬁ CKOpPOCTH MOJICKYJIBI B

IUIOCKOCTH IIEPIEHAUKYIISIPHON JIydy J/| pe30HaHC HACTylmaeT Ha CBOEH 4YacTOTe
2

Vi
W=wo1,4/1— —- JIa3ePHOTO M3IyHEHHS.

C
DTO NPUBOJUT K YHIMPEHHUIO PE30HAHCA C OTHOCUTEIBHON BETMUMHOM:
OW, g 2 M
E— z—z, rac U ~300— — nauboiee BCPOATHAA CKOPOCTH MOJICKYII IIPpHU
w C C

. M
KOMHATHOM Temreparype, ¢ =3 * 1032 — CKOpOCTB cBeTa B mycToTe. Torna

C
OWyeq le_lz
(0]

s Bunumoro ceera A =0.5uxkm => v= % =6 *1014FL; =>

SV, ~ 600Iy .



HHTEepecHO OTMETUTH, YTO B MPOJIETHBIX YCIOBHSIX, KOTJa OCHOBHOW BKJIAaa B
PE30HAHC  BHOCAT  MOJIEKYJbI,  JBIDKYIIMECS C  MallbIMH  CKOPOCTSIMHU
MEePIEHANKYJISIPHO JIydy, OKa3bIBaeTCs MOJaBIeH U KBaapaTuuHblid d3ddext Jlomepa.

Pe3onancel ¢ mmpuHON B AeciaTKU ['epiy sKCrepuMEHTaIbHO HaOII0aloTCs
TOJIbKO B MH(paKpacHO 00JacTH CIeKTpa, a B OmkHer nHdpakpacHoi obnactu —
TOJIBKO MPHU OXJIAXKJICHUH rasa.

YMeHblIlIeHHE YIIUPEHUs] PE30HAHCOB, BHI3BAHHOTO KBAJAPATUYHBIM 3P hEeKToM
Jloriepa BO3MOKHO TOJIBKO ITyTEM OXJIAXKICHHS MCCIIETyeMOTO Tasa.

B Hmxe cnenyromieid pabote mpuBelieH pacdeT (popMbl BTOPOW MPOU3BOIHOM
pe30HaHCa B MPOJIETHBIX YCIOBUAX C Y4eTOM KBaapatudHoro 3¢dekra Jlomnepa u
AKCIIEPUMEHTAIbHAS 3aBUCUMOCTD.

Bagayev S.N., Chebotayev V.P., Dmitriyev A.K., Om A.E., Nekrasov Yu. V.,
Skvortsov B.N. Second-order Doppler-free spectroscopy. // Appl. Phys. B. 1991. V.
52.N. 1. P. 63-66.
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ey Fig. 4. Resonance shape in methane (second derivative) for one recoil
\_/’rl_ QT component: pressure 2 x 1077 Torr, a=15¢em, T,=7TTK

JlazepHoe oxJIa:KIeHHeE.

Pagnanmonsoe paBieHue (HOIUIEPOBCKOE OXJIAKICHHUE).
PaccMoTpuM onTHYECKYIO CXEeMY OTIBITA.
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[IycTp yacTOoTa M3IMy4eHHUS Ja3epa @ MEHbBUIE LEHTPAIbHON YaCTOTHI JIMHUHU
NOIJIOICHUS @)1, HO HMX pasHULA HE IPEBBINAET AOIUIEPOBCKYIO IIHPUHY

CIIEKTPAIbHOW JTMHUU. [1OrIOIIEeHHBIN Cpelor CBET YaCTUYHO MEPEU3IYydacTCs BIOIb
Jy4a, ¥ 4YaCTUYHO M3JIy4acTCs CIIOHTAHHO DPABHOBEPOATHO BO BCE CTOPOHBI. Hac
OyZeT HHTEepeCcOBaTh TOJIbKO CIIOHTAHHOE U3yYEHHE BO BCE CTOPOHBI.

JI1s1 aTOMOB PE30HAHCHO ITOIVIOIIAOIIUX CBET:
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To ecTb cBeT IIOTJIOIIAOT ATOMBI, JICTAIINC HABCTPCUY JIYUY.

B sTom CJIydac IIPOUCXOOUT JIa3CPHOC OXJIAXKACHHUC I'a3a.

SIBnieHue OXJIaXKACHUA MOXKHO OOBACHUTH ABYM: crocobamu.

1) OOBbscHeHnE JIA3CPHOT0 OXJIAKACHUA 4CPC3 PACCMOTPCHUC UMITYJIbCA.

Cser IIoTrJIoOmMacTCA aTOMaMU, JICTAIINMHU HABCTPCUY JIYUY. HpI/I IIOTJIOIIICHUH
CBCTa aTOMbl HCIBITBIBAIOT OTAa4y MW 3aMCIAJIAIOTCH. To ecThb HMITYJIbC (I)OTOHa
CKJIaJIBIBACTCS C JIy4EBOHM IMPOEKIMEH WMMIyJbca aToMa, W B pe3yJbTare JIydeBas
IMPOCKIKA HUMITYJIbCAa YMCHBIIACTCSA II0 MOAYJIIO. HpO@KHI/II/I HMITYyJIbCa aToMa
MNECPICHANKYJIAPHBIC JIY1Y HC U3MCHAIOTCA, IIO3TOMY MOAYJIb UMITYJIbCA aTOMa TOXKC
YMEHBIIAETCS.

HpI/I HU3JIydCHHMM CBC€Ta aTOMbI TIa3a CHOBAa HWCIHbLITBIBAKOT OTAa4y, HO
CIIOHTAHHOC H3JIYYCHHC PABHOBCPOATHO IIO HAIIPABJIICHUAM. HOBTOMY HUMIIYJIBC
aToMa IIpU  HU3JIYUYCHHUU (I)OTOHa IIOYTH  PABHOBCPOATHO YMCHBIIACTCA U
YBCIMYIHNBACTCA.

B PE3YIIbTATC ABYX AKTOB, ITOITIOIICHUA (I)OTOHa N CIIOHTAHHOI'O H3JIY4YCHHA
(I)OTOHa, MOAYJIb UMITYJIbCAa aTOMa B CPCAHCM YMCHBIIACTCA. YMeHblIeHnEe HMIIYJIbCa
— OTO YMCHBIICHHC KHUHETUYECKOMN OHCPIUK ATOMOB, a CPCAHAA KHHCTHYCCKAsA

" 3
SHEpPrusi CBsi3aHa C TEMIIEPATYypOW COOTHOIIECHUEM (FE =—kgT . YMcHbIIICHHE
KuH 2 b

KHHETUYECKOM SHEPTUH aTOMOB — DTO OXJIAXK/ICHHUE rasa.
2). OOBsCHEHNE Ta3EPHOTO OXJIAKIECHHS YEPE3 PACCMOTPEHHE SHEPTUH.
YacToTa reHepanMu jasepa IO YCIOBHIO DKCIIEPUMEHTA MEHBLIE 4YaCTOTHI
nepexoga w<woy. CnenoparenbHo, hw<hwyy, A€ hw — DdHeprud

HOTJIOIIEHHOTO (POTOHA, a /i | — CPENHsA SHEPIUs U3IIy4EeHHOTro (POTOHA, KOTOpas

MMEET OJIMHAKOBYIO BEJIMYMHY B CHCTEME OTCUETa aToMa U B JJaOOpaTOPHOM CHCTEME
OTCYeTa.

N neiictBuTensHO. B cucTteMe oTcueTa aroMa MOTJIOMIAETCS U U3Ty4aeTCsl OJ1Ha
U Ta K€ JHeprus hw,;, HO NpPH IEpexone B JIA0OPATOPHYIO CHCTEMY OTCYETA

MOTJIOMIAEMBIA M M3JIyYa€MbIl CBET HCHBITHIBAIOT PA3HBIA JOIJICPOBCKUAM CIIBUT.
N3nyyaemblii aTOMOM CBET MPOM3BOJBHBIM 00pa3oM OPUEHTUPOBAH OTHOCHUTEIHLHO
CKOPOCTH aTOMa, IMO3TOMY JOIUIEPOBCKUM CIBUT YaCTOThI U3IIYUYCHHUS MPU MEPEXOJIE
B JJaOOPATOPHYIO CUCTEMY OTCUETa MOYTH PABHOBEPOATEH B CTOPOHY YMEHBIICHUS U
B CTOPOHY YBEJIMYEHHS 4aCTOThI. YacTOTa U3IIy4eHHs, IPU 3TOM, B CHCTEME OTCUETA
aToMa paBHa @], a B JIAOOPATOPHOW CHCTEME OTCUETa 4YacTOTa W3JIydyeHHUs B

CPEHEM PABHA (@)].
[Tornomaercs cBET na3epa ¢ 4aCTOTOM @ < @j, TaK KaK JAPYrod 4acTOThI B

U3JIYYCHUU Jiazepa HET IO YCIOBHIO. B pe3ynbraTe Ha KaXkIoW mHape MpoIecCoB
MOTJIONICHYSI ¥ M3JIyYCHHS CBETa aTOM B JIAOOPATOPHOM CHCTEME OTCYETa IMOIydacT



DHEPIUuI0 /i MEHBIIE, YeM B CPEJAHEM HU3IydaeT Nw,;. ATOM B CpEIHEM TepseT

SHEPIHUI0, U Ta3 OXJIAXKIACTC.

HazoBeMm pagmalliOHHBIM JAaBJIECHUEM CHUTYallMI0, KOTJa CBET MOTJIOMIAETCS
aTOMOM W3 OJHOTO HaNpaBJEHUs, a W3JIY4aeTcsd BO BCEX HAIMPABICHUAX
PaBHOBEPOSITHO.

OTUM METOJIOM YJAJIOCh OXJIAAUTH aTOMbI OO TeMmneparypoel 1 ~5.107%K..
BeposiTHo, nipenien oxnaxkaeHus: OnpeaessieTcsi TeEM, YTO JOTUIEPOBCKOE OXJIAXCHUE
MPOUCXOJIUT CIUIIKOM MeieHHo. Kpome Toro, oaHoponHas (JOpeHIEeBCKasi)
MIMPUHA CHEKTPalIbHOM JHMHMM Ay  OrpaHM4YMBAaeT oOXJaxacHue hAv=kgT

BEJIMYUHOU NMPUMEPHO 1 = 107%K .
PaccMmoTpuM TeOopeTHYECKUN PEAEIT JOIIEPOBCKOIO OXJIAXKACHUS.
KadecTBeHHO Tpenen OXJNaXICHUS CBA3aH C TEM, YTO IIPU HU3KOH
TEeMIIEpaType MpH MOIVIOMIEHUH (POTOHA aTOM MOXET COBCEM OCTAHOBUTBHCS 3a CUET
ornaun. Torna npu u3iiydeHuu GoToHA aTOM CHOBAa MPHUOOPETET MPEKHUN UMITYJIbC,
Y TEMIIEpaTypa ra3a He YMEHBIIIUTCH.

1
B stom cnyyae umnyinbc (OTOHA — paBeH UMIIYJIbCy atoma p. Yepes
c

2
CpeAHUN UMITYJILC aTOMa MOYXHO BBIPa3UTh KHHETHUUYECKYIO SHEPrUI0 aToMa 5—,
m
KOTOpasi CBsi3aHa C TEMIIEpaTypou rasa:
2
3
L kT,
2m 2
hv hv?
[loacraBum croma uMnyiabc ¢GOTOHA p=— U TOIyduMm 71 =
¢ 3kgmc
[ToncTraBuM YMCIEHHBIE 3HAYCHHUS:
me? zA-logaBzA-l.GlO_lOﬂafc, rne A — Bec aroMa B aTOMHBIX

enuanuax. Hanpumep, nis atoma Bogopoaa A =1.
h~6.6-10-%.6-10% ~4.107"° e,

kp = 1.38-10_23%, TOrAa

1 1.6-107% 1
Tinin =5 ~10 3~ (R)
3 4-1.6-1077-1.38-10 400004
Haiinem, kakast CKOpOCTh aTOMOB COOTBETCTBYET 3TOU TEMIIepaType:
2kgT 0.6 (M)
U= r——= —|.
m A\ c
Ha camom nene mpenen oxjiaxJIeHUS TPUMEPHO OIpPEACNSIeTCS PaBEHCTBOM
hAv=kgT, tne Av=2I" — oaHopoaHas (JIOpEHLIEBCKasl) MIUPHUHA CHEKTPAIbHON

JINHUM, U COCTABJISIET B DKCIIEpUMEHTE 1 =35 - 107%K .



Emte onHa uaest oxyaxaeHusl.

JlanpHelee OXJaXJIEHUE Ta3a BO3MOXKHO IO MPHUHIMIY OXJIAXKICHUS
OTKPBITOTO cTakaHa ¢ BOjoH. C MOBEPXHOCTU BOJBI BBUIETAIOT MPEUMYLIECTBEHHO
MOJIEKYJIbI, KOTOpPbIE CITyYailHO MOMyYMJId OOJBIIYIO SHEPTHIO, YUEM CPEIHSS SHEPIHs
MOJIEKY1 BOJbl. B TakoMm ciyyae cCpenHsis DSHEprus OCTaBIIMXCS MOJIEKYII
YMEHBILIAETCs, U TeMIlepaTypa BOJbl B CTaKaHE OKa3bIBAECTCS MEHBIIE TEeMIIEpaTyphl
OKPY>KaIOIIIEr0 BO31yXa.

Ponp crakana mpu Ja3epHOM OXJIXACHUHM WIpaeT MOTCHIHUAaJIbHas sMa.
OObeMHasi pemieTka W3 TaKWX MOTCHIMAIBHBIX SM CO3/1aeTCi B MPOCTPAHCTBE
IIECTHIO Jla3epaMu, KOTOpPbIE MapaMH CBETAT HABCTPeUy APYT ApYry, GopMUpys TpH
B3aMMHO OPTOTOHAJBHBIX CTOSYUX BOJHBL. ATOMBI BTSATHBAIOTCS B ITyYHOCTH
CBETOBOTO TMOJIA, TaK KaK DHEPTUs HABEIECHHOTO TUIIONSA B AJIEKTPUYECKOM II0JIE

l/. = .
paBHa W:_E( p.E ) HaBeneHHbIT CBETOBBIM TOJIEM JMIIOJB MPONOPLIUOHATIEH

- ~ I
oo p =k . Torga sHeprus HABEACHHOTO JUIIOJISI B CBETOBOM moJie W = —EaE :

.- 1 -
Cuia paBHa MUHYC TPaJHEHTY NOTEHUUAIBHOW 3HEpruu [ =-VW = Ea : V(E 2 )

I'paguent E? HalpaBJjieH B CTOPOHY YBEJIMYECHHUS DJCKTPUUYECKOTO TOJsS, TO €CTh
aTOM BTSTHBAETCS B I0JIC CBETOBOM BOJIHBI.

Takum 00pa3oM, IIECTh Ja3epoB (GOPMHUPYIOT CUCTEMY MOTESHIHANIBHBIX M, B
KOTOPBIX CKAaIJIMBAIOTCS aTOMBI OXJIAXKJICHHOTO JIa3€poM rasa.

Kak okazanoch eciii BCTpeuyHbIe BOJHBI C(DOKYCHUPOBATh, TO B IIEHKE KayCTUKH
MOXET MOJYIUThCs OoJiee A PeKTUBHAS TTOTEHIIMAIbHAS SIMa 34 CUET IITapKOBCKOTO
CIBHAra YPOBHEW DHEPTHHM B CBETOBOM moJjie. OcBemaeM aToM CBETOM C 4YacTOTOM
MEHBIIIE, YeM 4YacToTa rnepexona. [Ipu 3ToM HUXKHUNM ypOBEHb Mepexoja CABUTACTCS
BHU3, BEpXHUU — BBEpX. BeposTHOCT, OOHAPYX UTh aTOM Ha HHUXXHEM YpPOBHE
OoJibllle, Y€M Ha BEPXHEM YPOBHE, DHEPrUs aToMa MOHUKAETCS — IMOTEHIUAJIbHAsS
sIMa.

N3nydenue na3epoB MpHU 3TOM AAJNEKO OTCTOMT MO YacToT€ OT JIMHUU
noryionieHust raza. To ecTh oOCyXJaeMoe BBIIIE Ja3epHOE OXJaXIACHUE Tasza
MIPEKpaIIeHo.

ATOMBI, HaXOJACh B IMOTCHUIUAIBHON siMe, TOJIKAIOT napyr apyra. Ilomydas
ClIy4aliHbIM 00pa3oM B pe3yJIbTaTe CTOJIKHOBEHHN JIOCTAaTOYHYIO SHEPrHI0, aTOM
BBIJIETACT U3 MOTEHIIMAIILHOU SIMBI, YHOCS ¢ COOOM DHEPTHIO BBIIIC CPETHETO YPOBHS
SHEPrUM aToMa B sIME.

Toraa y aToMOB, OCTaBIIMXCS B MOTCHIUAIBHON sIME, YMEHBIACTCSI CPEIHSISA
SHEPrusi, U ra3 B 3TOW NMOTEHIMAIBLHOW sIME€ UCIBITHIBAET JaJbHEHIIEE OXJIAXKICHUE.
JIniane aToMbl OTKAUYMBAIOTCS HACOCOM.

OnTHueckas IaToka.

Jpyroit MeTOT OXJIAKICHUSI OCHOBAH Ha MCITOJIb30BAaHUU BCTPEUHBIX CBETOBBIX
BOJIH OJMHAKOBOM YacTOThl M aMIUIUTYAbL. IlycTh, Kak W paHbIle, BBHITOJIHIETCS




HEPAaBEHCTBO @ < @W5. Y MycTh MOAYJIb paCCTPOUKH 4acTOTHI 2 =@ — @, Oonbmie

JIOPEHIIEBCKOMN (OJHOPOHOM) MIUPUHBI CIEKTPAIbHON JIMHUM OJWHOYHOTO aToMa U
Oospllie  AoTUIEpOBCKOM mmpuHbL. (Crnaboe morjomieHue cBeTa OyaeT 3a cyeT
MEJJIEHHO CIAJAIOIINX KPBUIBEB JIOPEHIIEBCKOTO KOHTYpa. Ecim atom Mokourtcs, To
BCTPEUYHBIE BOJIHBI OKA3bIBAIOT OJIMHAKOBOE PAJAUAIIMOHHOE JABJICHHWE, W JIABIICHUE
MO>XHO HE YYWUTHIBATh. ECIIM aTOM JIBUIKETCS, TO BCTPEUHBIE BOJIHBI UMEIOT Pa3HbIN
[0 3HAKy JIOIUJIEPOBCKUM CIBUTI MPHU MEPEXOJIE€ B CUCTEMY OTCYETa atomMa. Berpeunas
10 OTHOIIIEHHUIO K ABHKEHHIO aTOMAa CBETOBAsI BOJIHA OKA3bIBA€TCS OJIMIKE II0 YaCTOTE
K 4acTOTe MEePEX0Ja )], U OKa3bIBAET OOJbIIEE palualMOHHOE AaBiacHuE. To ecTh

JUIA aTOMa BO3HUKAET CWJIA, HAMPABIICHHAS MPOTUB CKOPOCTH W MPONOPIHOHATIbHAS
CKOPOCTH — 3TO CHJIA BA3KOTO TPEHHS.

B  saBneHuM onTUYecKOW MATOKM  pajJudalliOHHOE  JaBieHue  (yxe
PacCMOTPEHHOE paHee) Il KaKJIOW W3 BCTPEYHBIX CBETOBBIX BOJIH BO3HUKAET B
pe3yJIbTaTe TOTO, YTO aTOM HCHBITHIBAET OTAAYy OT MUMITYJILCOB KBAaHTOB CBETa MPHU
MOTJIONIEHUHA W3 OJHOTO HAIMPABJICHHS, a MPU HU3IYYEHUH BO BCEX HAIMPABICHHIX
CpenHss OTAavya paBHA HYIIIO.

Tpu mapsl J1a3epoB BO B3aUMHO OPTOTOHAJIBHBIX HAIMPABICHUAX CO3JAI0T
BSI3KOC TPEHHE MPH JBIKCHUH aToMa B JIFOOOM HaIpaBJICHUH. ATOMBI TOPMO3SITCS,
HX CKOPOCTh YOBIBacT, yObIBaeT KHHETUUECKAsI dSHEPIHs, yObIBaeT TeMIlepaTypa rasa.

JlomyiepoBCKOMY TPEHHUIO OINTHYECKOM TMaTOKH, KaK M JIOOOMY BSI3KOMY
TPEHUI0, HEU30EKHO COMYTCTBYIOT (UIYKTyallud, B HaIIeM ciiydae — (QIyKTyaruu
U3Iy4EeHUs aToMa. OTU (PIyKTyallud ONPEAENSIoT Ipenen oxnaxaeHus hAv =kgT

npumepHo 1 = 104K , rme Av — onaHoponHas (JIOpEHIIEBCKas) IIMpPUHA
CIIEKTPAJIbHOW JINHUH.

MoxHO c(poKycHpoBaTh BCTPEUHBIC BOJIHBI C YACTOTON MEHBIIE PE30HAHCHOU
4acTOThI nepexona. AToM OyAeT BTSATMBAThCS B CHIIBHOE IOJie. DTO OyJeT Jia3epHast
JIOBYIIKA.

JIns 3apsoKEeHHBIX YaCTHI] MOKHO CAENaTh MAarHUTHYIO JIOBYIIKY — JIOBYIIKY
MAarHUTHBIM 1oJieM. [IyCh TMHUM MarHUTHOTO TOJISL CTYHIAIOTCSA B HAIIPABJICHUHA OCH
X,M0 3aps] JIBUXKETCS B ATOM HANPABICHHUH. 3aps]l BpaIlacTCs MO OKPYXHOCTHU



BOKPYT JIMHUA MAarHuTHOTO MOJisl. JIMHUM MAarHWUTHOTO MOJISI CTYHIAIOTCSA, MO3TOMY
3aps] OKas3bIBaeTCsl B II0JIE, KOTOPOE HE COBCEM MEPHNEHIMKYISPHO IUIOCKOCTH
OKpPYXHOCTH. JIMHMSA, NMpoXozsinas yepe3 LEHTP OKPYKHOCTH, NEPHEHIUKYISIPHA
IJIOCKOCTU OKPY>KHOCTH, a JIMHHUS, MPOXOAsAlas 4epe3 Kpal OKPYKHOCTH — HE
nepneHauKysipHa. M3-3a 3Tol HEneprneHAuKyJIIPHOCTH BO3HUKAET COCTABIISIOLIAS
cuJibl Jlopenua nmpotus ocu X.



