IlInpuna u popMa pe30HAHCOB HACBIIEHHS NMOTJIOMEHNs (TIPOJIOJDKEHHE).

5) BiusHue CTOIKHOBEHMIM ¢ M3MEHEHMEM CKOPOCTM MOJICKYJ HA IMMPUHY U
dJODMV PEC30HAHCOB HACHIIMCHUS TTOTJIOIICHM .

PaCCMOTpeHI/IC CTOJIKHOBEHHMH C U3MEHECHUEM CKOpOCTH y,I[O6H€e IMPOBOJAUTHL B
Ha60paTOpHOﬁ CUCTEME OTCUYCTA, @ HC B CUCTEMC OTCUCTAa MOJICKYJIbI. B stoMm ciliy4dac
y,Z[O6HO CUUTaTb, 4YTO OJCMCHTBI MATPHIbI IINIOTHOCTH HMCIOT JIOTIOJTHUTEIILHBIN
COMHOXMTEIb NV, 72— pacnpeacicHuC KOHUOCHTpallkMh MOJICKYJI II0 BCKTOPY

ckopoctd. Bennumua Nj-dV paBHa KOHLCHTpAamMd MOJIEKYJ, BEKTOP CKOPOCTH

KOTOPBIX 3aKaHYMBAETCs B o0Obeme d) mpocTpaHcTBa ckopocTeil. B Takom ciydae
P17 — DaclpeieNieHne 3aCelCHHOCTH IEPBOTO YPOBHS IO BEKTOPY CKOPOCTH.

AHaJIOTHYHBIN CMBICT UMCIOT P,y ; U P57 -

K&)K,Z[O@ YpaBHCHHUC [OJIs1 MATpPHIbl INUIOTHOCTH HYXHO JOIIOJIHUTb JABYMS
cllaraeéMbIMH. DTO ABa HMHTCTPAJIBHBIX CJIardCMbIX B HpHBeI[eHHOI;'I HMXXE CHUCTCEMC.
KpOMe TOro, OSJICMCHTBI MATpPHIlbl IUIOTHOCTH, ABJIACH PACHPCACICHUAMUA 110

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

PE(t)

. .
Py NPuy NPy Tt (:01217 —,021,7)+

—

+J.A11(I7"I7)p1117'd17'_pllVIAll(V’V

‘ PE(t)

Ndv
0 .
) Py T72P»ny =V2Pr0ny +ZT('012I7 —p217)+

b

[y (P17 ) gy V' = py [ A (P,7") A

) ) _PE(t
P21y ti01 P17 + TPy :l#(/)m? —p227)+
+IAzl(17',17),0217.6117'—pleJA21(V,V')dV'
e ;)ik _%Pik V. Pik .
oz

HpOﬂHaHI/IBI/IpyeM HOBBIC cJaracmaic CUCTECMBI Ha HpI/IMCpe HCpBOFO
ypaBHEHUS:
PE(t)

. .
Py NPuy = NPy T (:01217 _/02117)+

+JAll(V"V)pllﬁ'dﬁ'_pllﬁjAll(V’V')dﬁ'
[TogpiHTErpAJIBHOE BBIPAKEHUE BO BTOPOM HHTErpajie AII(V,V') dV' — 310

BEPOSITHOCTh yXOJa MOJIEKYJIbI B €AUHUILy BpeMeHU B 00beM dV' B MpoCTpaHCTBE

—

CKOPOCTEH, €CIIM MOJIEKYJIa HAaXOJIUTCS Ha 1-M ypOBHE SHEPIUU U UMEET CKOPOCTh V.
31ech NepBblid HUHTErPaIbHbIN YJICH IAI | (V',V) P74V mpenctasiser codoit

4acTOTy NPUXOAa B €JUHUYHBIA 00BEM B IIPOCTPAHCTBE CKOPOCTEN M B €AUHUYHOM



o0beMe B 00OBIYHOM MPOCTPAHCTBE HA YPOBHE | 3a CUET CTOJIKHOBEHUH C N3MEHEHHEM
CKOPOCTU MOJIEKYI.

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

B pacderax moBeneHHs 3JIEMEHTOB MAaTPHIbl IUIOTHOCTH HCIIOJB3YIOT TaK
Ha3bIBa€MbI€ MOJICIIbHBIC S/Ipa MHTErpaia CTOJKHOBEHHM. Yallle BCero UCrob3yercs
mozaenpHOe siApo Kenbcoma — Cropepa. Hac wuHTepecyloT 3aBUCHMMOCTH
paccMaTpUBaeMbIX BEJIMUMH TOJBKO OT JIy4EeBOW CKOPOCTH. B TakoM ciydae siapo
Kenbcona — Cropepa uMeeT ciaeayromuil BUa;

(v2-av, )2

Vemarz)

! AU

A(VZ,VZ):i-e (av)y
NTAU

910 AAPO OIMMCBIBACT CTOJIKHOBCHHUA C HM3MCHCHHEM queBOﬁ CKOpPOCTH

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

a<l [ 2kpT
MOJIEKYJIBI, { . AU =\1-a*U , rne U = b~ __ mambGoree BEPOSITHAA
—a << m

+00
CKOPOCTb MOJIEKYT, Ay = J A(VZ,VZ')dVZ' .
—0

Jpyroil cMbICH AIpa UHTErPpAJIa CTOJKHOBEHUH COCTOUT B caeaytromem. [lycte
pacnpeieneHne pacCMAaTPUBAEMBIX MOJIEKYJ IO JY4€BOW CKOPOCTH MPEACTABIISIET

coboit nenpTa GyHknuoo Jupaka: o (VZ — Vo, ) Torma mocne 0AHOTO CTOTKHOBEHHUS
A(V,_.72)

[Ipu stom mns sapa Kenbcona-Crtopepa AU — mmpuHa pacnpeneiieHHs
[I0CJIE OJHOTO CTOJIKHOBEHUS MOJIEKYII, (l—a)U — XapakTEepHBIM CABUT LEHTPA

MOJIEKYJI pacrpeeieHle MPUMET CIASAYIOMUNA BUL:

TSOKECTH PacCIpeAeNICHHs ITOCIIE OHOTO CTOJKHOBEHHS.

Pacuet Ha ocHOBe MU depeHInaNbHBIX YPaBHEHHUN TSI MATPHUIIBI IITIOTHOCTH C
y4E€TOM HWHTETPAJIOB CTOJIKHOBEHHMH TIPUBOAWT K pe3yibTaraM, KOTOPHIE MBI
pPaccMOTPHUM Ka4eCTBEHHO.

[Ipy HU3KOM [aBIEHWW Tra3a Ka)XJ0€ CTOJKHOBEHHE JIOCTATOYHO CHUIIBLHO
MU3MEHSCTCSl JTYYeBYIO CKOpPOCTh, YTOOBI MOJIEKyJa BBHIIIIA M3 Habopa MOJEKYI
dbopMupyromux pe3oHaHc. B »ToM ciydae ympyroe paccessHHE ¢ HW3MEHEHHEM
CKOPOCTH SKBHBAJICHTHO TYIIAIUM CTOJKHOBEHUSIM. COOTBETCTBEHHO UIMPUHA
pEe30HaHCa HACHIIICHUS TOTJIONICHUS TPU HU3KOM JaBJICHHU Tra3a OMpPeeIseTcs
crenyromiei hopMyIoun:

Awo=2(Ty+v+V),



rac I 0 —— 4YacToTa CIOHTAaHHBIX IICPECXOAOB JJIA OI[HOﬁ MOJICKYJIBI, V —

4acToTa TyHICHHS, Jc(PasUpOBKM U JICOPUEHTALMU; V — 4YacToTa YIPYTHX
CTOJIKHOBEHUI ¢ M3MEHEHHEM CKOPOCTH.

[Ipy OTHOCHTENBHO BBICOKOM JIABJICHHMM Ta3a YdYeT CTOJKHOBEHUH C
W3MCHCHHEM CKOPOCTH OoJiee CIIO)KeH. B 3TOM ciiydae CTONKHOBCHHE MOJICKYIT
HECKOJIBKO M3MEHSET Jy4eBYI0 CKOPOCTh MOJIEKYJ, HO M3MEHSET € HEe HACTOJBKO,
9TOOBI MOJIEKYJIa BBINLIA U3 HaOopa (hOPMHUPYIOIIETO PE30HAHC.

Brenem o6o3HaueHue:

14

n — YHCJIO CTOJIKHOBECHUM C U3MEHECHUEM CKOpPOCTH 3a BpEM

I'y+v ['p+v
3aTyXaHUs NOJIAPU3ALMH 110 APYTUM IIPUYUHAM.

C >TMUM YHCIOM 7 CBSI3aHA BEJIUYHMHA YIIUPEHHUS PE30HAHCOB HACHIIICHUS
MIOTJIOILICHHUS.

[Iycte AU — mosymupuHa 10 JIy4eBOM CKOPOCTH I CTOJKHOBUTEIBHOTO
A0pa WIM CPEOHEKBAAPATUYHOE H3MEHEHUE JIy4e€BOM CKOPOCTHM 3a OJHO
CTOJIKHOBCHHUE C U3MEHEHUEM CKOPOCTH.

Torna \n-AU — CPEIHEKBaAPATUYHOE U3MEHEHHUE JIy4€BOM CKOPOCTH 34 1
CTOJIKHOBEHMI MOJIeKyJl. KBaJpaTHBII KOPEHb CBSI3aH C TE€M, YTO €CJIM YEJIOBEK
PABHOBEPOSITHO J€aeT LIar BJIEBO WIM BIPABO, TO CPEAHEKBAAPATUYHBIA yXOJ OT

HAa4aJIbHOI'O IIOJIOKEHMS 3a 7 IIaroB PaBeH Jn. Bemmuuna 2+/n-AU paBHa
YIIMPEHUIO NpoBaia beHHeTTa B pacnpenesieHuu pPa3HOCTH 3aCEJIEHHOCTEW YPOBHEN
I10 JIy4€BOU CKOPOCTH.

Torma Aw=2k ~/n-AU — yIIMpEeHUE npoBaia beHHeTTa B mIKajie 4acToT.
C yueroM 3TOro ymHMpEeHWs HOBBIA MOpoBal beHHETTa — 3TO pe3ynbTaT
CBEpPTKH CcTaporo mnpoBajia benHerra wiu JlopeHna ¢ MmWUPUHOU 2(F0+v) u

KOJIOKOJI000pa3HO# PYHKIMH C IIUPUHON 2Kk - Jn AU .
Hanomuum, uto mo ompeaeneHuio, cBepTKoW (GyHKIMi f u ¢ sBugercs

CHeIIYIOH_[aH BCJIIMUUHA.
(fop)(¥)= [ f(y+x)-p(x)-dx.

lupuHa cBEpTKH ABYX KOJOKOJI00Opa3HbIX (YHKIUN f M ¢ 3aBUCUT OT
CKOPOCTH CIIaJJaHUS UX KPBLIbEB.

. . 1
Ecnu xots Obl y 0HOM U3 IBYX (YHKIIMI KPBLIbs CHIAAAIOT ObICTpEE, YeM —>
X
T0 wmpuHa cBepTKU A(f o) NpUONM3MTENBHO paBHA KOPHIO KBAJPaTHOMY U3
CYMMBI KBaJpaToB MHUPUH Af U A¢ NBYX CBOpauUBaeMbIX (yHKIUI:

Ao 0)=\(87) +(ap)’

Ecnu xppuibst o0enx pyHKUuUi f U ¢ cnagaroT, Kak — WM MEJICHHEe, TO:
X




A(fop)=Af+Ap.

Kpbuibst caMoil cBepTKH BenyT ce0sl, KaK Kpblbsi 00J€e MEIJICHHO CIIaJaroIien
GyHKIIMHM U3 IBYX CBOpauMBaeMbIX (DYHKIIUH.

B pesynbrate dopmyna g IIMPUHBI pE30HAHCA HACBHIIIEHUS TMOTJIOUICHUS
OTJINYAETCS B ABYX CIIy4asX.

IlepBolii ciyyalli — KOTrAa KpbUIbSl sIpa MHTETpPajia CTOJIKHOBEHUM CIIAJArOT

ObICTpO, OBICTpEE YeM . Torga mmpuHa pe3oHaHCa MPU OJIHOBPEMEHHOM

2
-7

N3MCHCHHH 4aCTOT BCTPCUYHLIX BOJIH HAXOOHUTCA 110 CJIC,ZIYIOIHCﬁ q)OpMy.]ICI

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

371ech IIMpPUHA HOBOIO MpoBajlia beHHeTTa ¢ y4yeToM CTOJIKHOBEHUH C

U3MEHEHHUEM CKOPOCTHU MOJIEKYJ paBHA \/(2(FO + V))2 + (Zk\/;AU)z , TIe 2(F0 + v)

— IIHUpHHA CTaporo IIpoBaJia bennerra 6e3 yucTa CTOJIKHOBEHMH C HM3MEHECHHEM

CKOpPOCTH kAU  — yIIUpEeHUE TpoBaja beHHETTa CTOJKHOBEHHSIMU C
U3MEHEHHEM CKOPOCTH. bhICTpocnafaromuye Kpbllbs siApa UHTETPalia CTOJIKHOBEHUIN
ONPENEIA0T TO, YTO IIMPHUHA HOBOIO NMPOBaJia beHHETTa CKIIabIBAETCs, KAK KOPEHb
KBaJpaTHbIM M3 CyMMbI KBaapaToB. Kpbuibss HOBOro nposana beHHerra cnamaror
MEIJIEHHO, KaK M KpbUIbs cTaporo mnposana bennerra. [loaTromy mmpuHa cBEpTKH
JlopeHua ceyeHus NorJoueHus ¢ MUPUHOU 2(F0 + v) ¥ HOBOTO TipoBaja bennerra ¢

HTUPUHOMN \/(2(FO + V))2 +(2k\/;AU )2 paBHa cymme ux mupul. Koapdunuent %

CBS3aH C TE€M, YTO NIPHU OJMHAKOBBIX YACTOTAX BCTPEYHBIX BOJIH CBOPAYNBAEMBIE
KOHTYpBI JABHTAIOTCS HABCTpedy JpPYyr JPYyry II0 OCH JIy4eBOM CKOpPOCTH IIpU
M3MEHEHMH YaCTOTHI T€HEpALUH Ja3epa.

Broponi cmydaili — KpbUIbA sApa MHTEIPAJIAa CTOJKHOBEHUM CIIANArOT

1
MCIJICHHO, KaK ——————~ HWJIHK CII¢ MCIJICHHCC. Torzxa MruprHa PpE30HAHCA

2
VZ_VZ

HaCBhIIICHUA ITOTJIOICHUA HAXOJUTCA 110 (1)OpMy.IICI

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

3nech IIMpUHA HOBOrO TMpoBaja beHHeTTa C Y4YeTOM CTOJIKHOBEHUW C
U3MEHEHHUEM CKOPOCTH MOJIEKYJl paBHa CyMME€ JIBYX [pPaBbIX CJIaraeMbIX:
2(F0+v)+2k\/;AU . Illupuna cBepTKU paBHAa CyMME€ IIHWPUH, TakK Kak o00a

CBOpAaUMBACMbIX KOHTypa HMCIOT MCAJCHHO CIIaJarOIiuc KpPBIIbA. 3aTeM HOBBIU
IMpoOBaJl bennerra CBOPAUMUBACTCA C CCUCHHUCM IIOIJIOMICHUS, IIHUpPHUHA KOTOPOIro —

910 nepsoe cinaraemoe Buna 2(Ig + V), U IMPHHA CHOBA PAaBHA CYMME LIMPHH.



Ynpyrue CTOJKHOBEHUS C MaIblM HM3MEHECHHUEM CKOPOCTH  MOJEKYJ
MPOSIBJISIFOTCS B HEJIMHEWHOW 3aBUCUMOCTH IIMPUHBI PE30HAHCA HACBIIICHUSA
noryioneHuss Aw oOT naBneHusi raza P B kwoBere. I HaoOopoT, HenuHelHas
3aBUCUMOCTh IIMPUHBI PE30HAHCA YKa3blBA€T HA HAJIMYUE YIPYroro YrioBOIo
paccesiHisl MOJIEKYJI IPYT Ha Jpyre.

Bo3MOXHBIN XOJ 3aBUCHUMOCTH IIMPUHBI PE30HAHCA OT JABJICHUS Ta3za ¢
Y4YETOM BIIMSIHUS CTOJKHOBEHUMHM C M3MEHEHHMEM CKOPOCTH TMPEJACTABICH Ha
CJIEAYIOIIEM PUCYHKE:

A

2T,

OPO

31ech BepXHssl KpUBasi COOTBETCTBYET MEJIJIEHHO CIA/IAlONIUM KPBUIbSM siJIpa
MHTETpana CTOJIKHOBEHMH, a HIDKHAS KPHUBash COOTBETCTBYET OBICTPO CIAJAarOIINM
KPBUIBSIM.

[Ipn HU3KUX JaBiACHUAX JI0O0OOE CTOJIKHOBEHHWE C H3MEHEHHEM CKOPOCTH
BBIBOJIUT MOJIEKYJIY W3 pPE30HAHCa, MO3TOMY 00€ KpHUBBIE OBICTPO BO3pACTAIOT C

pOCTOM  JABJIEHUSA, YTO COOTBETCTBYET  3aBUCHUMOCTU Aa):2(F0 +v+17).
2(v+v)
P

[Ipn OonpmMX [MaBICHUSX YUIUPEHHE CTOJIKHOBEHHSIMH C HM3MEHEHHEM
CKOPOCTH MEPECTAET BO3PACTATh C POCTOM AaBieHusl. COOTBETCTBEHHO, TAHT€HC yIJIa
2v
P

Ilepexoxq OT OAHOM JIMHEMHOM 3aBUCUMOCTH K JAPYIOM INPOUCXOAMUT MO-
pasHOMY B 3aBHCHUMOCTH OT CKOPOCTH CHaJaHus KpBUIBEB spa MHTErpaa
CTOJIKHOBEHUM.

Ecau Kpbuibs siapa MHTErpajla CTOJIKHOBEHMM CIIANAIOT MEJIEHHO, TO IIPH

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

HAaKJIOHA 3aBUCUMOCTH B 3TOM JIMaIla30HE AaBJICHUN PaBEH tg( p ) =

OOJIBINMX JABIEHUAX A® = %{2(1“0 +v)+2(Co+v)+ 2k\/;AU} U CTOJKHOBEHUS C

M3MEHEHHEM CKOPOCTH JAIOT MOCTOSHHYIO HE3aBHUCSIIYI0O OT JAaBJICHUS T00AaBKY
2k NIn-AU , 4YTO COOTBETCTBYET BEPXHEW 3aBUCHMOCTH Ha PUCYHKE.
Ecnu  Kkpbuibs siipa  HHTETpaja CTOJKHOBEHHMH CHajaloT ObICTPO, TO

Aw :% 2(F0 +V) + \/(2(F0 + V))2 + (Zk\/;AU)z U TpH BBICOKOM JaBICHHUM




BKJIazj CTOJIKHOBEHUM C N3MCHCHHUECM CKOpPOCTH mpomnagacrt, TakK KakK

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

KBaJpaToOB NPUMEPHO PaBeH OOJIbIIEMY U3 IBYX CllaraeMbIX 6€3 KBajpara.
U3 SKCIIEpUMEHTAILHOTO Ipaduka, KpoMe CKOPOCTH CHAlaHus KPBUILEB spa
MHTErpaja CTOJKHOBEHMH, MOXHO Haiitn Benmumnnl 20, ig(a), tg(B), R,

kxIn AU , KaK 9TO CJIeJIaHO HAa PUCYHKE IIPUBEIACHHOM BBIIIIE.
W3 caeayromux Tpex YpaBHEHUM, HUCIHOJb3ysl H3MEpPEHHBIE MO TIpaduky
BeaU4uHbl 21, tg(a) , tg( S ), K, kNn AU , MO’KHO HAaWTH TaKUE MTapaMeTphl, Kak:

_w

<tg(ﬂ)— 5

2Ty + By -tg(a) =20y +k-/n-AU + By -1g( )

v
n=——
F0+V

B ob6mactu naBneHuid, re 3aBUCHUMOCTh IIMPUHBI PE30HAHCA OT JABJICHUS
HeJIMHEeHas1, opMa pe30HaHCa 3aMETHO OTJIMYAETCS OT JIOPEHILIEBCKON KPUBOM.

HecTo0IKHOBUTE/IbHbIEC IPUYMHBI YINUPEHUSI Pe30HAHCOB HACBIIICHUS
NOTJIOIICHUS.
OTu ymupeHuss OObIYHO paccMaTPHUBAIOTCA, KaK Iapa3UTHbIE, MeEHIAIolue
U3YUYEHUIO MOJIEKYJISIPHBIX CTOJIKHOBEHUM.
1). YiiMpeHue MOIHOCTBIO JIa3€PHOTO JyYa.

Awo=T (1 +/1+ G) — IIMPUHA pEe30HAHCa IPU OJHOBPEMEHHOM H3MEHEHUU

1 1) R?
4acTOT BCTPEUYHbIX BOJH. 3nech G=|—+— |

E — (¢aKTop HACHIIMICHUS WA
n o ”n

Oe3pa3mMepHas MOIIHOCTh CUJIBHOM CBETOBOM BOJHBI, R = % — gactoTta Pabwu.

HpI/I OI[PIH&KOBOﬁ MOIIHOCTHU BCTPCYHBIX BOJH

Ao=2IV1+G.

2). lIponeTHoe yiupeHue.
JIto6ast MoneKylla UMEET COCTAaBIIIOIIYI0 CKOPOCTH V| IepHeHAUKYJISPHO

y4Ky Jydeu. 1o 3Toi nmpuumHe MOJIeKyJla IPUMEPHO 3a BpeMs T = b [IpOJIeTaeT
L

yepes3 My4dok, rae D — nuamerp mydka jgydyed. C TOYKH 3peHHs] MOJIEKYJIbI CBETOBOE

II0JIE BKJIIOYAETCs TOJIBKO HA BpEMsl 7 INPOJIETA Yepes3 JIyd, CIECI0BATEIBHO, CBETOBOE



IMOJIC B CUCTEMC OTCUYCTAa MOJICKYJIbI HC MOHOXPOMATHYHO U MMCECT CIICKTPAJIbHYIO

1 7V

WUPUHY  A®y, z—zg. Mupuna pe3oHaHCa HE MOXET OBITh MEHbIIE
T

CIIEKTPAJIbHOU IIHUPUHBI U3JTyYECHUS Aa)np. Benmnuuny Aa)np Ha3bIBAIOT MPOJIETHBIM

YIIAPEHUEM PE30HAHCOB.

[IposeTHOE ymIMpEeHUE NPUHUUIIMAIBHO II0-PAa3HOMY IIPOSBISIETCS B JIBYX
OPENEIbHBIX Cly4asX, KOIZA OCTajbHblE YIIUPEHUS PE30HAHCA BEIUKH II0
CPABHEHUIO C MPOJIETHBIM YIIMPEHWEM M KOTJa OCTAJIBHBIC YIIMPEHUS MAJbl 10
CPABHEHUIO C IIPOJICTHBIM YIIMpPEHHEM. BTOpOM cilydail Ha3bIBalOT IIPOJIETHBIMU
YCIIOBUSIMHM PETUCTPALIMK PE30HAHCA.

B nmepBom ciydae, Korga NnposieTHOE YIIMPEHUE Majo, PE30HAHC HACBIIICHUS
MOTJIOUICHHS] ¢ YYETOM MPOJIETHOTO YIIMPEHHS MPEACTaBIsSET cOOO0N CBEPTKY IBYX
KOHTYpoB. OMH U3 KOHTYPOB — 3TO pe30HAHC 0e3 ydeTa mpoJeTHBIX 3 EKTOB,
BTOPOM — 3TO CIIEKTPaJbHBIA KOHTYp JMHHM H3JIY4YEHHMs Jiazepa YIIWPEHHBIN
KOHEYHBIM BPEMEHEM B3aMMOJEICTBUS YCPEIHEHHON MOJEKYJbl C JIydoM. Kpbuibs
CHEKTPAJILHOTO KOHTYpa MOTYT CMajgaTh OBICTPO WJIM MEIJICHHO, YTO ONpPEICNsIeTCs
3aBUCUMOCTBIO MHTEHCUBHOCTH JIa3€pHOr0 Iy4YKa JIydeid OT KOOpPAMHATBHI MOMEPEK
ay4ya. COOTBETCTBEHHO IIMPUHA CBEPTKU (HOBas LIMPUHA PE30HAHCA) MOYKET ObITh

2
IOJIy4€HA M3 CTAPOM INMPHHBEI A@ II0 OJHOM M3 IBYX (OpMYI \/ (Aa))2 +(Aa)np)

U
i Aw + Aa)np. 3nech Aa)np ~ D YCPEAHEHHOE O PA3HBIM CKOPOCTSAM MOJIEKYII

2kgT
m

Bo Bropom ciywae (B ciydae MpOJIETHBIX YCJIOBHUM), KOIJa MPOJIETHOE
YIIMPEHHE PEe30HAHCAa BEJIMKO MO CPABHEHMIO C OCTaJIbHBIMU YIIMPEHUSIMHU, popma
pe30HaHCa CWJIBHO OTIMYAETCS OT JIOPSHIICBCKOW. Pe3oHaHC mpenctaBiseT coOoi
CyMMYy KOHTYPOB (POPMUPYEMBIX MOJIEKYyJIaMH C Pa3HBIMHA 3HAYEHUSMH CKOPOCTH
norepek jyda. Bpemsi mposeTra MOJeKyabl uepe3 Jyd OOpaTHO MpPOMOPIHUOHAIBHO
TOM TNOMNEPEYHON CKOpPOCTH, a CHEKTpajibHas IIMPHUHA pPE30HaHca MpPsIMO
MPOMOPIMOHAIBHA MTONEPEYHON cKOpocTH. CleI0BaTENbHO, PE30HAHC OKa3bIBAETCS
c(hOpMHUPOBAHHBIM U3 KOHTYPOB pa3HOM MIMPUHBL. [[prueM y3kue KOHTYpbl UMEIOT HE
IpoCTO OONBIIYI0 aMILTUTYLy, HO Ja)ke OONBIIYIO IIomaas. B pesynprare mmupuHa
pE30HaHCa Ha MOJIOBUHE €r0 BHICOTHI B 3HAYUTEIBLHON Mepe OmpeaensieTcs MUPUHON
pe30HaHca ISl MeIJIEHHBIX MOJIEKYII.

Bec y3kux pe30HAHCOB MOMHO JOIMOJHUTENIBHO YBEIUYHUTH IyTEM
pErucTpalyd BTOPOM MPOU3BOIHON 3aBUCIMOCTH MOIIHOCTH CBETA HA IPUEMHUKE OT
4acTOThl TeHepauuu Jjiazepa. CUrHal Tako (opMbI MOJIy4aeTcs TP CUHXPOHHOM
JNETEKTUPOBAHUU HAMPSDKEHUSI ¢ NMPUEMHHMKA Ha YJBOCHHOW YacTOTe MOJYJISIIIUU
4acTOTbl TeHepauuHu Jazepa. VIMEHHO Tak pPErHCTPUPYIOTCS PEKOPIHO Y3KHE
PE30HAHCHI HACBILIEHUS MOTJIOIIECHHUS.

Haubonee y3kue pe30HAHCHI, MOJYYECHHbIE HKCIEPUMEHTAIbHO, HMEIOT
LIMPUHY JeCATKH | 'ep.

MpoJIeTHOE ymupenue, U = — HanOoJiee BEpOsATHAS CKOPOCTh MOJIEKYII.



Ha cnegyromux pHuCyHKax mMpuBeAeHa pacueTHas Qopma pe3oHaHca
HACBIIIEHUS TIOTJIOLIEHUSI U BTOpas MPOM3BOJHAsA 3TOM (opMbl B Cilyyae, Korjaa
IPOJIETHBIM YIIUPEHUEM MOKHO NMPEeHEOpEUb.

1

0,5
0
-0,5
a) 0,5 o) l
«1.5
0 : -2

-5-4-3-2-10 1 2 3 4 5 -5-4-3-2-10 1 2 3 4 5
Puc. 5. Bug nopeHneBckoro KOHTYpa (a) u ero sTopoit npoussogHoii (6)

Jlis cpaBHEHHMsS TpHUBEAEM pacyeTHyl0 ¢GOpMy pE30HaHCA U €ro BTOPOM
MPOU3BOJHON B TIPOJIETHBIX YCIOBUSIX, PACCUNTAaHHYIO 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). YimpeHue pe30HaHCOB YIJIOM MEXIY BCTPEUHBIMU BOJHAMM.

x‘i\ z'

f>< e

z

[IycTh BCTpedHBIE CBETOBBIE BOJHBI MPOXOIIT KIOBETY C UCCIEAYEMBIM I'a30M
nox yrnmom 6 gpyr k apyry. HampaBum ocbh z BIOJNb CHJIBHOM HaCBIIIAIOIIEH
MOTJIOLIEHHE CBETOBOW BOJIHBI, @ OCh z' HaBCTpedy MPOOHOM BCTPEUHOI CBETOBOM
BOJIHE.

CunibHasi cBeToBasi BOJHA BBDKUIAeT MpoBall beHHeTTa B pacnpeneieHuu
Pa3HOCTHU 3aCEIEHHOCTEN YPOBHEH, KaK (YHKIIMH TPOEKIMH CKOPOCTH HA OCh Z.



N, - N
IVZ 21‘.’1

Ny, —N
]'Vz 2\.’1

Vg

Ecmu mo ocu z mpoBan o4eHb y3KHi, TO MO OCH z' TpoBasl OyaeT mmpe.
VYrpeHue BbI3BaHO TEM, UTO Ha OCh z' MPOEKTUPYETCS pACHPEAECIEHUE MOJIEKYJI 10
CKOPOCTSIM B IJIOCKOCTH NEPNEHINKYIISIPHON OCH Z .

DTO yHIUPEHUE YTIIOM UMEET BETUUUHY

Awy=Awy-sin(@)=2kU-0, rtme Aw; — nomieposckas —MHUpHHA
. 2
CIEKTpaJbHOMH JMHUH, k:7 — BomHOBOe umcno, U — Haubonee BeposTHAs

CKOPOCTb MOJIEKYJI, € — yroJyl MeX/1y BCTPEUYHbIMU BOJTHAMHU.
Kpbuibsi 1OMIIEpOBCKOrO KOHTYpa M, CJIEAOBATENbHO, KPbUIbSl €r0 MPOEKUUU
CHajalT OBICTPO, MO3TOMY IIMPUHA HOBOTO IMpoBajia beHHeTTa paBHa KOPHIO

o 2 2
KBaJIpaTHOMY M3 CTapol ILIMPUHBI U YUIUPEHUS YIIOM (Aa)l;) +(Aa)4) , a

HIMPUHA PE30HAHCA:

Aw= %{Aa)a + \/(Aa)g )2 +(Aw, )2 } , rae A®, — IWIWpPUHA CEYCHHUS

IOTJIOIICHMA, ACOB — HIMPHHA CTAaporo mmpoBajia bennerra.

4). Yumpenne chepuIHOCTHIO BCTPEYHBIX BOJIH.

EcTh 1Be mpuunHbl ymupeHus: ChepUIHOCTHI0 BCTPEUHBIX CBETOBBIX BOJIH.

[lepBass mpuunMHa TPOSBISETCS, €CIM BCTPEYHAs BOJIHA (POPMUPYETCS B
pe3ynbTaTe OTPaXEHHs CBETa OT IIOCKOTO 3epKana. B 3ToM ciydae BBIMYKIOCTH
(POHTOB BCTPEUYHBIX BOJIH HAMPABIICHBI HABCTPEUY APYT IPYTY:




b

YTO MPUBOJMUT K TOMY, UYTO YIrOJl MEXIY BCTPEUHBIMH BOJIHAMHU H3MEHSAETCS
IIPU MIEPEMEIIECHUH MOIEpeK MyuKa Jiyded. OTIUYHBINA OT HyJIS CPEIHHUIN YTOJl MEXIY
BCTPEYHBIMH BOJHAMHU HIPHUBOJHUT K COOTBETCTBYIOLIEMY YLIMPEHHUIO PE30HAHCOB
YIJIOM MEXy BCTPEUHBIMU BOJIHAMM.

Bropass nmprumHa ymupeHHs PE30HAHCOB IPOSBISETCA Nake€ B TOM cllydae,
€CJIM YToJI MEXAY BCTPEUHBIMHU BOJIHAMU HYJIEBOM BO BCEX TOUKAX My4Ka JTyUCi:

|
)

B »stom cimywae, ecam MoJieKyna CHadajga JBFDKETCS TEPHEHIUKYISIPHO
BCTPEYHBIM CBETOBBIM BOJHAM, KaK M HYXKHO JJi (pOpMUpOBAHUS PE30HAHCA, TO IO
Mepe TPSIMOJMHEWHOTO JBIDKEHHUS CKOPOCTh MOJICKYJbl TepecTaeT ObITh
MEPHEHANKYJISIPHON CBETy. YIIMPEHUE pPE30HaHCa B JITOM ClOydae SBISCTCS
KOMOWHAIIMEW TMPOJICTHOTO YIIUPEHUS W YIIMPECHUS YTJIIOM MEXIY BCTPEUHBIMHU
BOJTHAMH.

5). Kaapatuunsiii addexr Jlonnepa.

Ecmu yctpaHeHBl Bce Ipyrue anmapaTHble NMPUYUHBI YITUPEHUS PE30HAHCOB
HACHIIIICHUSI TIOTJVIONICHHS, TO TIOCICIHSAS HEyCTpaHWMas MpUYMHA — OTO
KBaJpaTUIHbIN 3¢ dexT Jlomiepa.

[TycTh BCTpedHBIE CBETOBBIE BOJHBI WMEIOT OJWHAKOBYIO 4YacTOTy @ B
7a00paTOpHON cHCTeME OTcueTa, Torja B MNpUOIMKeHHH JuHerdHoro 3ddekra
Jlomiepa ux 4aCTOThI B CUCTEME OTCYETa MOJICKYJIBI OYAyT paBHBI:

a)'l =w—kV, :a)il—ﬁj

C

c

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

Eciu yuuteiBaTth 3¢dext [omnepa 06e3 orpaHdyeHuss Ha JIMHEWHOE
npubImKeHue, To (GOpMyibl i YaCTOT BCTPEUHBIX BOJIH B CHUCTEME OTCYETa
MOJIEKYJIBI IPUMYT CJEAYIOIIUNA BUI:
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B YCIIOBHAX PE30HaHCA MMPOCBCTIICHUA CPCAbI 00€ 4acTOThI BCTPCYHBIX BOJIH B
CUCTCMC OTCHUCTA MOJICKYJIbI PABHBI HaCTOTEC IIEPEXOJa W) :

A
-
C
1+VZ
w CZ 20)21
-
C

V,=0.Torna

JInsi Kakaoro 3HA4eHHs] BEJIMYMHBI COCTABIISIIONIEH CKOPOCTH MOJIEKYJIbI B
IUIOCKOCTY TEPNEHAUKYJISIPHOM JIydy J| pPE30HAaHC HACTynaeT Ha CBOEH 4acToTe

2
w=wy,1- —é J1a3€PHOr0 U3JTyYECHHMS.
c
DTO NPUBOJUT K YIIMPEHHUIO PE30HAHCA C OTHOCUTEILHON BETUYHHOM:
ow,, U 2 M
— R, Te U ~300— — nHauboJjiee BEpOsSITHAsE CKOPOCTh MOJICKYJ TIPH
w C C

. M
KOMHATHOM Temneparype, ¢ =3 * 1032 — CKOPOCTb CBETa B ImycToTe. Torna

c
9% 10712,
0]
Hns Bugumoro ceeta A = 0.5uxm => v= £ -6 *1014FL; =>

SV, ~ 6001y .



HNHTepecHo OTMETHTH, YTO B MPOJICTHBIX YCIOBHUSIX, KOT/Ia OCHOBHOW BKJIAJ B
pPE30HAaHC  BHOCAT  MOJIGKYJBI,  JBIDKYIIHECS C  MaJbIMH  CKOPOCTSIMH
NEPIICHINKYIISPHO JTy4y, OKa3bIBAETCS MOJABICH U KBaapaTuuHbIid 2 dekt Jommepa.

Pe3onaHchl ¢ mmpuHON B mecATku ['epry dKCTIepUMEHTAIbHO HAOIIOAA0TCS
TOJBKO B MH(GpaKpacHOU 00JIacTU CIIEKTpa, a B OMbKHEN UH(ppaKpacHOU 00JacTu —
TOJIBKO TIPH OXJIAXKJICHUH Ta3a.

YMeHbIIIeHHEe YIIUPEHHUS Pe30HAHCOB, BBI3BAHHOTO KBaJAPATHIHBIM dPPEKTOM
Jloriepa BO3MOKHO TOJIBKO ITyTEM OXJIAXKICHHSI HCCIIETyeMOTO rasa.

B Hmxe cnenyromeit pabore mpuBeneH pacueT GOpMBI BTOPOUM MPOU3BOIHOU
pe30HaHCa B MPOJIETHBIX YCIOBUAX C Y4eToM KBaapatudHoro 3¢dexra 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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e Fig. 4. Resonance shape in methane (second derivative) for one recoil
\_//— QT component: pressure 2 x 1077 Torr, a=15¢em, T,=77K

JlazepHoe oxJIaKIeHue.

Pamnaimmonsoe nasieHne (JIOMIEPOBCKOE OXJIAKIICHHUE).
PaccmoTpum onTruecKyro cXxeMmy OmbITa.
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[IycTp yacTtoTa M3mydeHus ja3epa @ MEHbLIE LNEHTPAIbHOM YaCTOTHI JIMHUHU
IOTJIOIEHU @91, HO HMX DasHUIA HE IMPEBBIIAET JOIUIEPOBCKYIO IIMPUHY

CIEKTpAJIbHOW JIMHUU. [IOrIOoImEeHHbIi Cpelor CBET YaCTUYHO MEPEU3IIYydaeTCs BIOIb
Jy4a, U YaCTHUYHO M3JIy4aeTCs CIIOHTAHHO PAaBHOBEPOSITHO BO BCE CTOPOHBI. Hac
OyZeT HHTEPECOBATh TOJIbKO CIIOHTAHHOE U3IYyYEHUE BO BCE CTOPOHBI.

JIJ1s1 aTOMOB PE30HAHCHO NOIJIOLIAKOIIUX CBET:
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To ecTb cBeT IMOrJIOMAK0T aTOMBI, JICTAIINMEC HABCTPCUY JIy4dy.

B sTom ClIy4dac IMporuCXOaUT Ja3€PHOC OXJIAXKACHHC Ira3a.

SIBneHuMe OXJIAXKACHHUA MOXHO O00BACHUTH ABYM:I criocodamu.

1). OOBsicCHEHUE JTa3ePHOTO OXJIAKIACHUS YePe3 pACCMOTPEHUE UMITYJIbCA.

Cser MMOTJIOMACTCA aTOMaMM, JICTAINMMH HABCTPEUY JIy4dy. HpI/I IIOTJIOIIICHUH
CBCTa aTOMbl HCHBLITBIBAOT OTAA4Yy W 3aMCIAJIAROTCH. To ectb HMITYJIbC (bOTOHa
CKJIQJbIBAETCS C JIy4€BOW IMPOEKLUMEH HMITyJIbca aToMa, U B pPE3yJIbTare Jy4yeBas
IMPOCKIKA HUMITYJIbCAa YMCHBIIACTCS II0 MOAYJIHO. HpOCKHI/II/I HMITyJIbCa aToMa
NEPHEHANKYJISIPHBIE JIy4y HE U3MEHSIOTCS, IOATOMY MOAYJIb UMITYJIbCA ATOMa TOXE
YMEHBLIAETCSI.

HpI/I H3JIydCHHMM CBCTAa aTOMbI TIa3a CHOBaAa HCIbITBIBAKOT OT/Aa4y, HO
CIIOHTAHHOC H3JIYYCHHUC PABHOBCPOATHO II0 HAIIPABIICHUSAM. HOC—)TOMy HMITYJIbC
aToMa IIpu  HU3JIYy4YCHHUU (1)0TOHa IMO4YTH  PaBHOBECPOATHO YMCHLIIACTCA H
YBCIIMYHBACTCA.

B PE3YIbTATC ABYX AKTOB, ITOTTIOIICHMA (I)OTOHa N CIIOHTAHHOTO H3JIYYCHHA

(I)OTOHa, MOAYJib UMITYJIbCa aTOMa B CPECAHEM YMCHbBLIIACTCH. YMeHbIIeHHuE HMITYJIbCa

2
— DJTO yMEHbIIEHUE KUHETHYECKOW »HHEprud aToMoB £E P 4 CpenHss
KUH 2m 2

. 3
KMHETHYECKasi SHEPIHsl CBsI3aHa C TEMIIEPaTypOil COOTHOIIEHUEM <EKUH>:EkET :

YMeHbIIEHNE KUHETUYECKOW SJHEPTUU aTOMOB — 3TO OXJIAKJICHHE rasa.
2). O0bscHEHUE JIa3epHOr0 OXJIAXKICHUS Yepe3 PAaCCMOTPEHHUE SHEPTHH.
YacroTa reHepanuu jaszepa IO YCIOBUIO JKCIEPUMEHTAa MEHBIIE YacCTOTHI
nepexoga w<w,y. CiuegosarenbHo, hw<hw,y, rTAe h@® — >SHeprus

MOIJIOIEHHOTO (DOTOHA, & /iy — CPEIHASA PHEPIUS U3IYYEHHOTO (POTOHA, KOTOpas

UMeEeT OJMHAKOBYIO BEJIMUMHY B CUCTEME OTCUETa aTOMa M B JJAOOPATOPHOU cCUCTEME
oTCUeTa.

U peiictBuTensHO. B cuctemMe oTcuera aTromMa MOTJIOMIAETCS U U3ITydaeTcsl OJJHa
U Ta K€ dHeprus hw,|, HO NpPHU NEpexXojie B JAOOPATOPHYIO CHUCTEMY OTCUETA

NOTJIONIAEMBI M HW3JIy4a€Mblid CBET HCIBITBIBAIOT Pa3HbIM JOIUIEPOBCKUN CIBHT.
N3nydyaemblii aTOMOM CBET MPOU3BOJBHBIM 00pPa3oM OPUEHTUPOBAH OTHOCHUTEIHHO
CKOpPOCTH aToOMa, OATOMY JIOIUIEPOBCKHUM CABUT YaCTOTHI M3JIyUEHHUS MPHU MEPEXOIE
B JIAOOPATOPHYIO CUCTEMY OTCUETA MOYTH PABHOBEPOSITEH B CTOPOHY YMEHBIICHUS U
B CTOPOHY YBEJIIMYEHHUS 4acTOThl. HacToTa M3JIy4eHHs, P 3TOM, B CUCTEME OTCUETA
aToMa paBHa @j|, a B JIAOOPATOPHOM CHCTEME OTCUETa YacTOTa W3IIyYEHUS B

CpelJHEM PaBHA @) .

B nabopaTtopHoil cucTreMe oTcueTa MOTJIOMIACTCS CBET Jia3epa C 4YacTOTOU
W<y, TaK KaK JIPYrod 4YacTOThl B H3JIy4€HHUHU Ja3epa HET IO YCIoBHIO. B

pe3yibTare Ha KaxJoW mape MpolEecCOB MOTJOMIEHUS U U3JIyYEHHUs CBETa aTOM B



1ab0paTOPHON CHUCTEME OTCUeTa MOJIy9aeT SHEPIHI0 /i@ MEHBIIE, YeM B CpPETHEM
U3IIy4aeT nw,1. ATOM B CPEIHEM TEPSIET SHEPTHUIO, U a3 OXJIAXKAAETCS.

HazoBeM pagmanMoHHBIM [aBJICHUEM CHUTYallMIO, KOTJa CBET IOTJIOLIAeTCs
aTOMOM M3 OJHOrO HaNpaBJICHHs, a M3Iy4yaeTcd BO BCEX HaIpaBJICHUSIX
PaBHOBEPOSITHO.

OTHUM METOJIOM YAAJIOCh OXJIAJUTh aTOMBI O TemMneparypsl 7' =5- 104K , 4TO

2r
IIPUMEPHO COOTBETCTBYET PABEHCTBY h Av =kgT, rae Av:2— — OJHOpOAHAs
/4

(JlopeH1IeBCKas) IMPUHA CIEKTPAIbHOW JTUHUH.
PaccmoTpum TeopeTndeckuii mpeaen JOmIepOBCKOI0 OXIIaXKICHUS.
KadecTtBeHHO mipenen OXJaXIEHUsS CBA3aH C TEM, YTO MpPU HHU3KOU
TEeMIIepaType MpHU MOTJOIMEHUH (OTOHA aTOM MOKET COBCEM OCTAHOBHUTHCS 33 CUET
ornayu. Torna npu uznydeHuu (OTOHA aTOM CHOBA MPHOOPETET MPEKHUN UMITYJIbC,
U TeMIepaTypa ra3a He yMEHbIIUTCS.

hv
B aToM cimydae mmiynbe ¢GoToHA — paBeH HMMITYJbCy aroma p. Uepes
c

2
CPEIHUI WMITYJIbC aTOMa MOYHO BBIPA3UTh KHMHETHUYECKYIO SHEPIHI0 aToMa 5—,
m
KOTOpas CBsI3aHa ¢ TeMITepaTypoil rasa:
p* 3
—=—kgT.
2m 2
2.2
v h“v
[ToxcraBum croma uMIyIbC (GOTOHA p=— U TOJIyYuM 1 =—.
¢ 3kgmc
[ToxcTaBUM YKCIIEHHBIE 3HAYEHUS:
mc2 zA-1093BzA-1.6-10_10ﬂ9fc, rne A — Bec atoMa B AaTOMHBIX

enauHnnax. Hanpumep, nis aroma Bogopona A =1.
6610746104~ 4.1071° e,

kg = 1.38-10_23%, TOTIa

] 1.6-10738 ]
Tinin = 5 ) 3~ (K)
3 4-1.6-107'Y.1.38-10 400004
Harinem, kakast CKOpOCTb aTOMOB COOTBETCTBYET 3TOM TEMIIEpATYyPE:
- BT 86 )

m  NJa\c

Eie onHa uaest oxiaaxaeHusl.
JlanpHeliiee OXJaXAEHUE Tra3a BO3MOXHO II0 IPUHLMIYY OXJIaXIACHUS
OTKPBITOIO cTakaHa ¢ BOJOM. C MOBEPXHOCTU BOABI BBUIETAIOT MPEUMYIIECTBEHHO




MOJIEKYJIbI, KOTOPBIE CIyYailHO MOIyYMIIA OOJBIIYIO SHEPTHIO, YeM CPEIHSS SHEPTHs
MOJIEKYJ1 BOJbl. B TakoMm ciydae cCpeaHsii DHEPrUs OCTABIIUXCS MOJEKYI
YMEHBIIIAETCS, U TEMIIEPATYPA BOJBI B CTAKAHE OKA3bIBAECTCS MEHBILIE TEMIIEPaTypbl
OKPY’KAOLIEro BO3ayXa.

Ponp crakama npu Ja3epHOM OXJAXIACHUM WIPaeT MNOTEHIMAJIbHAs SMa.
OObemHasi pemeTka W3 TaKUX MOTEHUUANBHBIX SIM CO3JaeTcsi B IMPOCTPAHCTBE
IIECTHIO JIa3epaMu, KOTOPBIE MMapaMu CBETAT HABCTpEUy APYT APYry, GOopMUPYs TpU
B3aMMHO OPTOIOHAJIBHBIX CTOSYMX BOJHBL. ATOMBI BTATMBAIOTCS B ITYYHOCTH
CBETOBOT'O IOJISI, TaK KaK HEPrusi HABEJECHHOI'O IUIOJIS B 3JIEKTPUYECKOM II0JIE

l/. = .
paBHa W:_E( p,E). HaBeneHHbIM CBETOBBIM IIOJIEM JMIIOJb MPOINOPLUUOHAIEH

- ~ 1 o)
noiito p =k . Torga 3Heprust HABEAECHHOTO JUIIOJISI B CBETOBOM TToJie W = —EaE )

—

- 1 -
Cuna paBHa MHUHYC TpaJUC€HTy MOTCHUUAIBHOW 3HEpruu F :—VWZEa-V(E2).

I'paguent E? HalnpaBJIeH B CTOPOHY YBEIHMYEHUS BJECKTPUUYECKOTO MO, TO €CTh
aTOM BTSATMBAETCS B M10JIE€ CBETOBOW BOJIHBI.

Taxkum 06pa3om, mecTs jJazepoB HOPMHUPYIOT CUCTEMY MOTCHIIMAIBHBIX 5IM, B
KOTOPBIX CKAaIUIMBAIOTCS ATOMBI OXJIAXKIEHHOTO JIa3€pOM rasa.

Kak okazanock eciiu BCTpeyHbI€ BOJIHBI C(HOKYCHPOBATh, TO B II€Ke KayCTUKU
MOXKET MOJIYUUThCsl Oosee 3(pQexTuBHas MOTEHUUaNbHAsA siMa. boyee KOppeKTHOoe
00BACHEHHE ATOW MOTEHIIMAIBHON SIMbI BOBMOXKHO Ha OCHOBE IITAPKOBCKOT'O C/IBUTa
YPOBHEN PHEPrUU B CBETOBOM TmoJsie. OCBEIIAEM aTOM CBETOM C YAaCTOTOM MEHBIIIE,
yeM 4yacTtora nepexona. IIpm 3TOM HWKHHI ypOBEHb NEPEXOJA CHBUTAETCA BHMU3,
BEPXHUI — BBepX. BeposiTHOCTH OOHApYKUTh aTOM Ha HUXKHEM YPOBHE OOJIbIIE,
YeM Ha BEPXHEM YPOBHE, SHEPTHs aTOMA MOHUKAETCS — MNOTEHUHAIbHAS SIMA.

N3nydyenne na3epoB mpw 3TOM JAJNEKO OTCTOMT MO 4YacToTe OT JIMHUU
norjoumieHust ra3a. To ecTh 0OCyXJaeMo€ BBILIE JIa3epHOE OXJAXKICHHE Trasa
IIPEKPAILLEHO.

ATOMBI, HaXOJSIChb B MOTEHIMAIBHON sIME, TOJKAOT Apyr apyra. llomywas
CIy4ailHBIM 00pa3oM B pe3yJbTaTe€ CTOJIKHOBEHHWW TOCTATOYHYIO SHEPTHIO, aTOM
BBUIETACT U3 MOTCHIIMAIBHOMN SIMBI, YHOCS C COOOW IHEPTHUIO BBIIIE CPEIHETO YPOBHS
SHEPIruM aToma B SIME.

Torma y aToMOB, OCTaBIIMXCS B MOTEHUMAJIBHOM SIME, YMEHBIIAETCS CPEIHSSA
DHEPrus, U ra3 B 3TOM NOTEHUUAIBHOW SIME UCIBITHIBAET NAJILHEHUIIEE OXJIAXKICHUE.
JIuniHue aTOMbI OTKa4YMBaOTCSI HACOCOM.

Onrunueckas naToka.

Jpyroi MeTo1 OXJIaXIeHUsI OCHOBAaH HAa MCMOJIb30BAaHWH BCTPEUHBIX CBETOBBIX
BOJIH OJIMHAKOBOM YacTOThl M aMIuIMTyAbl. [lyCTh, Kak W paHblle, BBINOJHIETCA
HEPaBEHCTBO @ < @51. M MycTb MOIYNb pacCTPOMKHU 4acTOThl =@ — @, OomblIe

JIOPEHLIEBCKON (OJHOPOIHOM) MIMPHUHBI CIIEKTPAIBHON JIMHUM OJUHOYHOIO aTOMa U
Oonpiie oruiepoBckod mupHuHbL. Crnaboe moriomeHue cBera OynerT 3a CYer
MEJUIEHHO CIAJAIIINX KPBUIbEB JIOPEHLIEBCKOIO KOHTYypa. Eciu aToM MOKOUTCS, TO



BCTPCYHBIC BOJIHBI OKAa3bIBAOT O/JIMHAKOBOC PAJIHAIIMOHHOC IABJICHUC, W JaBJICHHC
MO>XHO HC Y4YHUTbIBATb. Ecau atom ABHUIKCTCs, TO BCTPCUYHLIC BOJIHBI UMCIOT paSHBIﬁ
I10 3HAKY ,Z[OHJICpOBCKI/Iﬁ CABHUI' IIpH IIEPEXOAC B CUCTEMY OTCUECTA aTOMA. BCTpG‘IHa}I
110 OTHOIICHHIO K ABMXXCHHUIO aTOMa CBE€TOBAs BOJIHA OKA3bIBACTCA OJIMKE 110 YacTOTe
K 9acCTOTC Iepexoga woi1, U OKa3bIBACT OoubIIICE paainualiliOHHOC JaBJICHHC. To ectb

IJI aTOMa BO3HHMKAeT CWJIa, HalpaBJIeHHAs MPOTUB CKOPOCTU W MPOMOPLUOHAIBHAS
CKOPOCTH — 3TO CHJIA BA3KOTO TPEHHUS.

B sBneHMHM ONTHYECKOM MATOKM  paguallMOHHOE  JaBieHue  (yxke
pPacCMOTPEHHOE paHee) JUIsl KaXIOW W3 BCTPEUHBIX CBETOBBIX BOJH BO3HUKAET B
pe3ynbTaTe TOro, YTO aTOM HCHBITHIBAET OTAAaYy OT MMITYJLCOB KBAaHTOB CBETA IPH
MOTJIOLIEHUH W3 OJHOTO HANpaBIICHUS, a MPU HM3IYYEHUHU BO BCEX HAIPABICHUSX
CpeaHsisl OT/laua paBHA HYIIO.

Tpu mapel 5a3epoB BO B3aMMHO OPTOTOHANBHBIX HAMPABICHUSAX CO3/AIOT
BA3KOE TPEHHE MPH ABMKEHUHM aToMa B JIIOOOM HampaBieHUH. ATOMBI TOPMO3SITCS,
UX CKOPOCTh yOBbIBAaeT, yObIBae€T KHHETHUECKAst SHEPTHs, YObIBAET TEMIIEpaTypa rasa.

JlomiepoBCKOMY TPEHHUIO OINTHYECKOM MAaTOKU, Kak M JO0OMY BSI3KOMY
TPEHUIO, HEU30EXKHO COMYTCTBYIOT (UIYKTyallud, B HalleM ciiydae — (QIyKTyaruu
U3Iy4eHUs1 aToMa. OTU (PIyKTyalluu ONPEAEIA0T IpeAen oxnaxaeHus hAv =kgT

npumepHo T’ =107k , Tme Av — opHoponHas (JIOPEHIIEBCKas) IIMPUHA
CHEKTPaIbHOU JTUHUMU.

MoxHO choKycUpoBaTh BCTPEUHBIE BOJHBI C YACTOTON MEHBIIE PE30HAHCHOU
4acTOThl nepexona. ATomM OyAeT BTSATMBAThCS B CHIIBHOE TOJie. DTO OYJET JiazepHast
JIOBYIIIKA.

J{ns 3apsKEHHBIX YaCcTHUI] MOXKHO CHENaTh MarHUTHYIO JIOBYIIIKY — JIOBYIIKY
MAarHuTHBIM oJieM. I1yCTh TMHUM MarHUTHOTO TOJISI CTYIIAIOTCS B HAMPABICHUU OCU
X, W 3apsii ABMXKETCS B 3TOM HaNpaBJIE€HUM. 3aps]i BpallaeTCs MO OKPYKHOCTU
BOKPYT JIMHUM MAarHUTHOTO MoJsl. JIMHUM MarHUTHOTO MOJIsi CTYIIAIOTCS, TO3TOMY
3apsAl OKa3bIBAa€TCS B I0JIE, KOTOPOE HE COBCEM MEPHNEHIAUKYISIPHO IJIOCKOCTH
OKPY>KHOCTH. JIMHUS MarHUTHOTO MOJIA, MPOXOAslIasi yepe3 LEHTP OKPYKHOCTH,
MEePICHIUKYJISIPHA TIJIOCKOCTH OKPY>KHOCTH, a JIMHMS, MNPOXOJAIlasl 4Yepe3 Kpau



OKPYXXHOCTM — HE NepHeHAuKyJsipHa. H3-3a 3TOl HENeprneHIUKYJISIPHOCTH
BO3HHUKAET cOCTaBisitomas cuibl JlopeHa npotus ocu X.

Jlns  HeWTpajdbHBIX ~ aTOMOB  Ha  PHUCYHKE  BBIIE  H300pakeHa
MAarHMTOONTUYECKAs JIOBYIIKAa. B ILEHTpe JIOBYIIKM HET MAarHUTHOro mnoJjs. llpu
CMEIIEHUH B JIIOOYI0 CTOPOHY BO3HMKAET MarHuTHOE mnoje. [lycth arom Ha HUKHEM
YPOBHE MMEET MOJHBII MOMEHT ummyibsca J =0, a Ha BepxHeM ypoBHe — J =1.
BepxHuil ypoBeHb pacuiemuisieTcsa Ha TP MarHUTHBIX OAYPOBHSA B MATHUTHOM TIOJIE.

IIycts na3epsl HaBCTpedy APYT APYry HU3JIYYarOT o' W 0~ KOMIIOHEHTBHI CBETA.
YacToThl cBETa MEHBIIE YACTOTHI ATOMHOIO MEpexXoJa. B MarHuTHOM MoJie 4acToTa
MOIJIOIICHUSI OJJHOM U3 CUTMa-KOMIIOHEHT CBETa yMeHbIlaeTcs. HaBcrpeuy netsmm
aToOMaM CBETUT Ta CUITMa-KOMIIOHEHTAa CBETa, JJII KOTOPOM 4YacTOTa MOIJIOLICHUS
yMEHBIIIAeTCs ¥ MpUOJIMIKAaeTCs B Jia3epHOUM 4dacTtoTe. JlaBieHue 3TOH KOMITOHEHTHI
CBETA YBEJIMUUBAETCS, aTOM BO3BpaIlaeTcs 00paTHO B JIOBYIIIKY.

MeTto1 60KOBOH MOJIOCHL.

ATOM B JIOBYIIIKE UMEET KOJIeOATEIbHBIC YPOBHU SHEPTUHU.

Ha pucynke xoneb6arenbHble MOTypPOBHUA HUYKHETO U BEPXHETO COCTOSTHUM.
[TycTh mazepHOE M3IIyYEHHE B PE30HAHCE C MEPEXO0JOM, B KOTOPOM KoyieOaTeIhHOe
KBAaHTOBOE YMCJIO YMEHbIIAETCS Ha 1.
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QCHOBHOE COCTOAHWME
war 1 war 2

cTabunsHo

B u3nydyeHun Haumbosee BEpoOsTEH mepexoj] 0e3 M3MEHEHHs KoJeOaTeIbHOro
KBaHTOBOI'O 4HUCJA. B pe3ynbTare HNPOUCXOIUT ONTHUYECKAss HAaKauyKa COCTOSIHUS C
HYJIEBBIM KOJIeOATeNbHBIM KBAHTOBBIM UYHCJIOM, B KOTOPOM KHWHETHYECKas 3HEpTus
MUHHUMAJIbHA — OXJIXKJCHUE.

Meton OOKOBOW TMOJIOCHI TO3BOJSIET JOCTUTATh TEMIIEpaTyp MPHUMEPHO
T=10"K.

Cu3udoBo oxnaxkaeHUeE.

PaccmoTpuM aBe BCTpedHbIE CBETOBBIE BOJIHBI C OPTOTOHAJIbHBIMU JIMHEWHBIMU
noJysipu3anysamu. [Ipy uX CII0KEHUM B pa3HBIX TOYKAxX BJOJb Jy4a IJE-TO BO3HUKACT

o KOMIIOHEHTa CBETa, IIe-TO — O , a I/Ie-TO JIUHEHHasi KOMIIOHEHTA.
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KoMmmoHeHTsl ¢ U ¢ B pasHOil Mepe CABHTalOT OMH U TOT K& MATHUTHEIH
OYPOBEHb 3a cueT quHamudeckoro 3¢ dexra [lrapka (3dpdexr llltapka B cBeTOBOM
noJie).
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[Iycth HUOKHMI ypOBEHb HMEET KBAHTOBOE YMCJIO MOMEHTa uMmyibsca J = 1, a
BepxHU — J = 0.

=0 =0 h

gt o

I=1

m=-1 m=0 m=+1 v

Torna ¢ KOMIOHEHTA TIOTJIOMIAETCA TONBKO C TOXYPOBHS 71 = -1 HHKHETO
YpPOBHS 3HEpruu, a o — ¢ noaypoBHs m = +1. Ilpu paBMxKEeHUM aroma
MHTEHCHBHOCTh &' KOMIIOHEHTHI CBETAa M3MEHAETCS TapMOHMYECKH, HHTEHCUBHOCTD

O KOMITOHEHTHI TOXE U3MEHSIETCSI TAPMOHUYECKH, HO CO CABUTOM (a3bl 77 . 3a cuer
nuHamudeckoro 3¢gdekra [lltapka Kakaplii MOAYPOBEHb SHEPTUH TOXKE CIABUTACTCS
TapMOHUYECKH, W TOIYPOBHU CABUTAIOTCA B TpoTHUBO(daze. ATOM, HaXOAsICh Ha
OJIHOM TIOJIypPOBHE, IBUTAETCS MO MOTEHIHUAIBHBIM TOpPKaM (PUCYHOK a HUXKE).

[Iyctp wyacTOoTa cBeTa HECKOJBKO OOJIbIlIE YacTOThl MEpexoja MEeXKIy
HECJBUHYTHIX CBETOM ypoBHeH sHepruu. Torma auHamuueckuit sddext Illrapka
CABUTacT HW)KHUN YPOBEHb NOTJIOUIAOLIETO CBET IMEPEX0/]a BBEPX, a BEPXHUU —
BHM3. MakCHUMaJIbHOE TOTJIOIMIEHUE COOTBETCTBYET MAaKCUMAJIbBHOW MHTEHCHUBHOCTH
CBETA HYXHON KOMIIOHEHTBI U IPOUCXOJUT U3 BEPXHEW YACTU TPAEKTOPUU HUKHETO



MOIYpPOBHA. A U3TydyeHUE MOXKET OBITh U Ha APYroil MOaypOBEHb, KOTOPBIA B 3TOM
MECTE MPOCTPAHCTBA Oy/IET HUXKE.
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Position
DTO COOTBETCTBYET PUCYHKY b. ATOM MOCTOSTHHO JIBUTA€TCS B MOTEHIUATIbHYIO
rOpKy. OTO €ro TOPMO3UT. YMEHBIIAETCS CKOPOCTh aToMa, 3TO CU3U(OBO

OXJTAXXKACHHUC.
Ecmm yactora cBera OOJIBIIIE YAaCTOTHI nepexoga, TO BO3HHUKACT CBCTOBAsd

naTtoka Hao0opoT. OJHAKO €Clu PACCMOTPETh CUCTEMY YPOBHEN C HUKHUM YPOBHEM

1 3 .
J=—mn BCPXHUM J = 5, TO C YYE€TOM BCPOATHOCTCH PA3JIMYHBIX IIEPEXOJ0B MOKHO

II0Ka3aTb, 4YTO CI/IBI/I(bOBO OXJIAXKACHUC 6y,Z[CT n IIpu YyCJIOBHH, YTO YaCTOTa
O6Hy‘IaIOHI€FO CBCTA 4YTb MCHBIIC YaCTOTHLI IIEPEXOJAa.

e-3/2 e-1/2 B+1/2 24372

2 1
V3 V3
g1/2 g+1/2

J=1/2

ITycTs Ha aTOM majaeT o KOMIIOHEHTa cBera. Ilepexon g_;, —>e_3/, B TpH
pasa OoJiee BEPOATEH, YEM MEPEXOL, g1/ —> €_1/7 (BEPOSTHOCTU MPONOPLUUOHAIBHBI

kBagpataM kodbduimentoB Knebma — I'opgana). IlycTe yactoTra cBeTa MEHbIIE
4acTOThl nepexoa. Torna cIBUI BHU3 YPOBHS g_j/, OoJblile, YeM CIBUT YPOBHs

8+1/2-



e-3/2 e-1/2 e+1/2 e+3/2

=3/
1=3/2 it : /

1=1/2 :
g1/2 g+1/2

B pesynerate mosBiseTcs mpouecc g,y —>e€_y1/2 —> 8_1/2, B KOTOPOM CBET

MoTJIoNaeTcsl ¢ 0oJiee BBICOKOTO ITOAYPOBHSI HMIKHETO YPOBHSI, a W3JIydaeTcs Ha

0oJjiee HU3KHI TOIypOBEHb HIDKHETO YpOBHS. [loriomiaercs ¢ BepIIMHBI TOPHI, a

U3JTy4aeTcs B sIMy. 3aTeM aTOM KapaOKaeTcsi B TOPY U TOPMO3UTHCS — OXJIAXKICHUE.
Cu3uoBo OXJaXKACHHE peaTu3yeT Tropa3fo 0oyiee HHU3KHE TEeMIepaTypbl

T=107K , Y€M OIlTHYecKas nmaroka 1 = 107K .

CeNeKTHBHOE 10 CKOPOCTSIM KOT'€PEHTHOE INICHEHNE HACCIICHHOCTEH.

Ecim B TpyOe ¢ TMECKOM CO3/1aTh CTOSYYIO 3BYKOBYIO BOJIHY, TO IECUHHKHU
coOUparoTCsi B Y3JIbI 3TOW BOJTHBI.

R1 a N
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AHaJIOrMYHO C aTOMaMH B CBETOBOM moJie. Ecin CO31aThb YCJIOBHA TAKHUC, YTO
IIpu HYHCBOﬁ CKOpPOCTHU aTOMOB HC 6y,Z[eT BSaHMOﬂCﬁCTBHH CO CBCTOBBIM IIOJIEM, TO
aTOMBI, CIy4ailHO momajasi B 3TO COCTOsIHUE, OyIyT B HeM HakarumBatbes. [lycTb
[P HYJIEBON CKOPOCTH aTOMOB PeaM3yeTcsl CUTyallHsl, KOria 00€e BCTPEUHbIE BOJIHBI

B PE30HAHCE C ABYMsI IIEPEXOAAMH.
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A. Aspect, E. Arimondo, R. Kaiser, N. Vansteenkiste, and C. Cohen-
Tannoudji. Laser Cooling below the One-Photon Recoil Energy by Velocity-



Selective Coherent Population Trapping. // Phys. Rev. Letters. 1988. V.61, N.7.
P.826.

Ecnu mpoexiusi CKopocTd aTOMOB Ha OCh Z HyJIEBasi, TO BCTPEUYHBIE CBETOBBIC
BOJIHBI HaxOJSITCS B PE30HAHCE C JABYMs M300pakeHHBIMHU mepexomamu. [Ipu sTom
BO3HUKAET PE30HAHCHOE IIJICHEHHE HACEICHHOCTEH Ha JBYX HIDKHHX YPOBHSIX
CBSI3aHHBIX TepexofamMu. Eciu mpoeKimus CKOpOCTH Ha JIyd OTJIMYHA OT HYJS, TO
BCTPEUYHBIC BOJIHBI B CHCTEME OTCYETa aTOMa MMEIOT JOIJIEPOBCKUN CIBHUT Pa3HBIX
3HAKOB, M CBETOBBIC IOJIS MIEPECTAIOT OBITH B pe30HaHCE. TakuM 00pa3oM, IUICHEHHE
Ha HIDKHHUX YPOBHSIX 00pa3zyeTcsl TOJBKO JIS HYJICBOW MPOCKIIMH CKOPOCTH Ha JIyHd.
M3 TUICHEHHOTO COCTOSIHMSI aTOM HE MOXET IOTJIOTUTh ()OTOH C TEPEXOJIOM B
BO30Y)KJCHHOE COCTOSHHE, TaK KakK OH 3aHAT IOCTOSHHBIMU JBYX()OTOHHBIMH
nepexolaMi MeXy HIDKHAMHU YPOBHSAMHU. M3 COCTOSHHIA ¢ JPYTHMMH MPOCKIHSIMH
CKOPOCTH Ha JIyd aTOM ITOTJIONIAET CBET M B pe3yJIbTaTe CIOHTAHHBIX IEPEXO0B
BHHU3 32 CYET OT/JAYd OT M3ITYYCHHOTO (DOTOHA MHOTZIA OKa3bIBAC€TCS B COCTOSIHUH C
HYJICBOW TMPOEKIMEH CKOPOCTH Ha JIyd M 3aXBaThIBAETCS TPOIECCOM IUICHEHUS
HACEJICHHOCTEM.

Jpyrou BapuaHT.

(L) I |

z g1

BCTpe‘-IHBIe BOJIHBI HWMCIOT JAOIUICPOBCKHEC CJABUIM PA3HBIX 3HAKOB IIPHU
ABUKCHUM aTOMa BJOJIb JIy4a. B pPE3YyJbTATC I ABUKYHICTOCA aTOMA IOTJIOIICHUC
OHOI'0 q)OTOHa M H3JIYYCHHUC [Jpyroro mnpHUBCIACT K pa36aﬂchy BHGPFHﬁ. B
pE3YIbTATC IIJICHCHUC HACEeJICHHOCTEM Ha HMXKHUX YPOBHAX MPOUCXOJUT TOJBKO AJIA
HCIIOABMXKHBIX aTOMOB. HpI/I OTCYTCTBHMM IINICHCHHUSA C€CTb IIOIJIOIICHHUE CBETA H
CIIOHTAHHOC M3JIYy4YCHUC B CHY‘I&ﬁHOM HaIipaBJICHUH C oTgadyer oT (I)OTOHa
N3JTyUYCHHUS. KpOMe TOTIO, I[ByX(I)OTOHHblf/'I pa36anch MOKET OBITh nepcaadl B
KHHCTUYCCKYIO JDHEPIrUi0 atoMa IIPpH CTOJIKHOBCHHH aTOMOB. B peE3yIbTAaTC II0JIC
TOJIKACT ABMXXYIIHNECA aTOMBI U HE BSaHMOHeﬁCTByeT C HENOJBM)KHBIMHU aTOMaMu. To
€CTb aTOMBEI C HyneBoﬁ CKOPOCTBIO HC BSaHMOHeﬁCTBymT C ITOJIEM.

PesynbraThl 3xciepuMeHToB: 1 = 108K .

Pe3oHaHC HAChIIEHNS VIOTHOCTH BO30Y:KI€HHBIX YACTHIL
PaccmoTtpum crienyroliyto cxemy ypOBHEH 3HEpruu:




JlazepHoe cBeTOBOE MOJIe MepedpackiBaeT MOJEKYNIBl C YPOBHS dHEpruu 1 Ha
ypoBeHb 3. C ypoBHs 3 HaOMIOAAIOTCS CIIOHTAHHBIE TTEPEX0/IbI HA YPOBEHB 2.

OnTryeckasi cxema i HAOJIFOJACHHSI PE30HAHCOB TJIOTHOCTH BO30YXICHHBIX
YJaCTHI] TIPEICTABIICHA HA HIYKECIICTYIOIIEM PUCYHKE:

a1 v E
nazep 2
A }?\qi(m'fp Ha M3;

[IycTh MOIIHOCTH TEHEPALIMH J1a3€pa HE 3aBUCUT OT YaCTOThI T€HEPALMH, TOT A
3aBUCUMOCTh MHTEHCHBHOCTH (KaK M MOUIHOCTH) CBE€Ta Ha NPUEMHHUKE OT YACTOTHI
reHepanuu jazepa OyeT UMETh CIEAYIOUN BU:

03 ®

3ILCCB M0 BCPTHUKAJIM OTJIOXKCEHA HMHTCHCUBHOCTL CBE€Ta Ha YaCTOTC
CIHOHTAHHOI'O IIEPEXoJia @3p, a IO IOPU30HTAJIM — YaCTOTa I'CHCpAllMH Jia3€pa B

OKPECTHOCTH JIMHHU MOTJIOIEHHS HA IPYTOM IEPEXOAE C YACTOTOU @3] .
WurencuBHOCT, [ CBETa CIOHTAaHHBIX IIEPEXOJOB HAa 4YacToTe @3)

MMpONOPHHUOHAJIbHA 3aCCIICHHOCTHU YPOBHA 3:
+00
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Pe3oHaHC HACHILIEHMS MIOTHOCTM BO30YKIEHHBIX YacTUL[ — 5TO Y3KHil
mpoan B LeHTpe KoHTypa [(@). PesoHaHC IUIOTHOCTH — 3TO PE30HAHCHOE

YMEHBUIEHUE 3aCEJICHHOCTH BEPXHEr0 YPOBHS SHEPIHH, KOIZIa YaCTOThl BCTPEUHBIX
CBETOBBIX BOJIH COBHAQJAIOT C LEHTPOM JOIUIEPOBCKH YIIUPEHHOW JIMHHUH
MOTJIOIICHHS.

HabGmonenne ¢ayopecueHmu — 3TO OAMH W3 BO3MOXHBIX CIIOCOOOB
perucTpalMi pe30HaHCa IUIOTHOCTH. Jlpyroil, omnroraabBaHUYECKH CIOCOO
pEruCTpalyd PACCMOTPHUM YYTh ITO3/IHEE.

KauecTBeHHOE OOBSICHEHHE pE30HAHCa IUIOTHOCTH COCTOUT B CJEAYIOLIEM.
Berpeunblie cBeTOBbIE BOJIHBI C OJIMHAKOBOM 4acCTOTOW OOBIYHO MOTJIOMIAOTCS ABYMSI
pasHBIMH HAaO0OpPaMU MOJIEKYN C JY4YEBBIMU CKOPOCTSMH V,, yAOBIETBOPAIOLIUMHU

IABYM paBeHCTBaM @ F kV, = w3. Korma 4acTora CBETOBBIX BOJH @ COBHIAIAET C

LIEHTPOM JIMHUHU IOIVIOIIEHHS (3], 00€ BCTPEUHBIE BOJIHBI MOIIOIIAIOTCA OJHUM U
TEM K€ HaOOpOM MOJIEKYJ C HyJIEeBOH JydeBoil ckopocTeio V, =0. Ilormomaromux

MOJIEKYJ MOpU 3TOM CTAaHOBUTCS BJIBO€ MEHBIIE, YTO BEAET K YMEHBIICHUIO
noryiouieHusi. B pe3yinbraTe yMEHbIIAETCS 3aCeI€HHOCTh BEPXHETO YpPOBHS
nepexoja. ITo U €CTh PE30HAHC TUIOTHOCTH BO30YKIEHHBIX YaCTHII.

C npyroif CTOpOHBI, YMEHBIIIEHUE TMOIJIONIEHUSI — 3TO PE30HAHC HACHIIICHUS
MOIJIOLIEHHUS, HO [JIi €r0 PErucTpalud HY>XHO PErucTPUpOBaTh HE MOIIHOCTH
dbayopecneHIuu, a MOIIHOCTh MPOIIEAINIeH BOJHBL. Pe30HAHC HACKHIIICHUS
MOIJIOIIEHUSI — 3TO PE30HAHC MPOCBETICHMUS CpeAbl Il MOPOILICAIIEH Cpeay
POOHOM BOJIHBI, TO €CTh PE30HAHC B 3aBUCUMOCTH MOIITHOCTH MPOIIEAIICH BOJIHBI OT
4acToThl. B OHOM M TOM K€ KIOBETE€ C ra3oM, KOTJa CBETOBas BOJHA IMPOXOJUT
KIOBETY TyJda M 00paTtHO, GOpMUPYIOTCS 00a pe30HaHCa: W PE30HAHC HACHIIICHHUS
MOTJIONIEHUST W PE30HAHC IUIOTHOCTH BO30YXXJICHHBIX dacTUIl. Kakoil HMEHHO
PE30HAHC PETUCTPUPYETCS — ITO 3aBUCUT OT CIIOCO0a pETUCTPALIUH.



