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MEXAHI3MHU PEJAKCAIII EJTEKTPOHHOI'O
3bY/KEHHSA TPUASUAOIIPIMIAUHY

Konaparenko Ilerpo OsexciiioBu4

JlokTop (i3uKo-MaTeMaTUYHUX HAYK, MPodecop.
[Tpodecop kadenpu 3aranpHOI Ta MPUKIATHOT Pi3UKH.
HamionansHuii aBiatiitnuii yHiBepcuret, M. KuiB, Ykpaina

Cakyn Tersina MukoJiaiBHa

Kanmunat ¢izuko-mMaTeMaTHYHUX HAYK, TOIICHT.

JlouieHT Kadeapu 3aranbHOl Ta MPUKIAAHOT (i3UKH.
HamionansHuii aBiatiitnuii yHiBepcuret, M. KuiB, Ykpaina

Beryn

[ToBeninka MOJIEKYT B BHCOKO30Y/DKEHMX  CTaHaX €  aKTyaJlbHOIO
dbyHIaMEHTAIbHOIO TIpo0sieMor0 cydacHoi ¢i3ukud 1 TexHikd. Jlo 1mporo wyacy
BBAXKAJIOCh, 110 HEYXWJIBHO MPAIIOIOTh 3aKOHM (POTOXIMIi 1, 30KpeMa, YeTBEpTUU
3aKOH, SIKUW TJaCUTh, 10 B IMEPEBAXKHIM OLIBIIOCTI (HOTOXIMIUHUX MPOIECIB, SKI
IPOTIKAIOTh B PO3UMHAX OPTaHIYHUX MOJIEKYJ, O€pyTh y4acTh Juiie 30yKeH1 B S| Uu
T, ctan monexkynu [1].

JloBruii yac BBa)xajaocCh, IO TaK 1 MOBUHHO OYyTH, OCKUIBKHM peiakKcaliiiHi
MPOIECH 3/€OUIBIIOTO € MBUIKUMHU 1 HEPIBHOBAXXHUMHM, a BC1 MOKJIMBI PIBHOBaXKHI1
MPOLIECH MOXYTh BIIOYBaTHCh JHIIE 3a ydacTio S; uu T craniB mosekynau. I me
HE3BaXKalO4yM Ha Te, 0 (paKT BULBITAHHS OApBHUKIB HA TKAHWHAX I1]1 11€F0 COHSIYHOTO
BUIPOMIHIOBAHHS 3arajJbHOBIIOMHMI. 3r0JJOM 3’ IBUJIUCH YUCIICHHI €KCIIEPUMEHTANIbHI
JlaHl1, K1 TIOKa3yI0Th, 1110 MIPOIIECH peliaKkcallii 30y PKeHHS He 3aBaXat0Th IPOTIKAHHIO
BXJIMBUX JJISI HAYKU 1 MPAKTUKU MPOIIECIB Y BUCOKO30Y/KEHUX CTaHaX: TeHeparlii
HOCI1B CTpyMy, OTOXIMIYHUX Ta padiallifHO-XIMIYHUX MPOIECIB TOIIO.

B nmocmikeHHsax (GOTOXIMIYHUX TMPOIECIB B METUJIEHOBOMY TOJyOOMy Ta
pe3a3ypuHi, TpOBEJACHUX aBTopamu B [2,3], mokazaHo, mo OapBHUK HE Mae
($OTOXIMIYHOT aKTUBHOCTI B JIOBrOXBWJIBOBIN cMy31 morivHaHHS (A = 667 HM) mpu
HU3BKUX I1HTEHCHUBHOCTSX 30Yy/UKEHHS, NpoTe Mae (OTOXIMIYHY AaKTHUBHICTH IpHU
BHCOKHMX IHTEHCHUBHOCTSIX (JIBOKBAHTOBI IMPOIIECH) CBITJIa BUIUMOTO Jiana3oHy, abo
IpU JOBUIBHUX THTEHCUBHOCTSX B yJbTpadioneToBiil oosnacti cnektpy (A < 330 um).
Otxe, (HOTOXIMIUHI MEPETBOPEHHSI MOJEKYJ 3IIHCHIOIOTHCA Y BUCOKO30YIKEHOMY
CTaHi.

Bigoma 1 iHIIa Tpyna npoueciB, sika BUSBUIACH TIPU JTOCIIIKEHHI CIIEKTPaTIbHOT
Yy TIMBOCTI MPOIIECiB PoTOaUCOIIAIT a3UA1B OapBHUKA MajaxiTOBOro 3ejaeHoro [1, 4].
B mpoMy BuMaaKy BHUSBHIOCH, IO ONPOMIHIOBAHHS PO3YMHY BKa3aHUX a3WiB
MOHOXPOMATHYHHUM CBITIOM 3 00JacTi JOBrOXBUJIHOBOI CMYTH TIIOTJIMHAHHS
KBaHTOBUM Buxin ¢oroaucomianii He mnepesuinyBaB 0,01, B Toi uac sk mnpu
OIIPOMIHIOBaHHI CBITJIOM 3 A < Ay, (Ap = 350 HM — KpUTHYHA BEJIMYMHA JOBXKHUHU XBUIII
OTPOMIHIOBAHHS) KBAHTOBUM BUX1]] 3HAYHO 3pOCTaB (Mai>ke JJ0 OJIMHHMIII PU HU3bKUX
Temriepatypax). JociaimkeHass (OTOXIMIYHMX BIACTUBOCTEH Py MOJICKYJISIPHUX
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cucteM [2-4] mokasajio, IO Yy BCIX MOJIEKYyJIaX BiOyBarOTbCS Il TIPOIECH Y
BUCOKO30Y/UKEHMX  CTaHaX. TakuM 4YMHOM  OyJlo  JOBEIEHO  ICHYBAaHHS
KBa31pIBHOBAKHUX MPOIIECIB peIaKcallii eeKTPOHHOTO 30Y/KEHHS MOJIEKY.

B nmaniif poGOTI MpPOMOBXKEHI JOCHIIKEHHS KBa3ipiBHOBAXKHUX TPOIIECIB
€JICKTPOHHOI peJakcallii 3 BACOKO30yI>)KEHUX CTaHIB B MOJIEKYJI TPUAZUAOMIPIMIIHHY

(TAI) (a):

NN N . a
R g
" “

" (@) SN
EnepreTru4Ha cTpyKTypa MOJIEKYJIM TPUAZHIOMIPIMIiINHY

Crextp nornuHaHHs BiibHUX MoJiekyn TAII HaBeaeHno Ha puc. 1.

Jlauuii TUIT MOJIEKYJl XapaKTepu3yeTbest cuMmerpieto Cp 1 Ma€e Tpu a3uAOTpyIH,
KOKHA 3 SIKUX Ma€ MOKJIUBICTh JIUCOLIIOBATH 3 BUIIJICHHAM MOJICKYJISIPHOTO a30Ty.
[Ipy 1bOMY CTBOPUTHCA HITPEH — MoJieKyJa 3 oguHapHuM C-N- 3B’s3K0M 1 JBOMA
HE3B’SI3aHUMH MOJIEKYJIsIpHUMH opOitasimu (MO), JTI0Kani30BaHUMHU Ha aToMl a30Ty
(monekyna (b)). Ha nux MO nokanizoBaHl 10 OJHOMY €JIEKTPOHY, BHACHIJIOK 4OT0O
OCHOBHHMM CTaHOM HITPEHY € TPUIUIETHUI CTaH.
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Puc. 1. Cnextp nornuHanHs TpuasuaonipiMiingy. BeprukanpHi ninii —
pO3paxoBaHi MOJIOKEHHSI 1 CHJIU OCLIMJIATOPa KBAHTOBHUX IEPEXO/IiB.

JocnipkeHHs: eHepreTuuHoi  cTpyktypu Mosekynun TAII mposeneno 3
BUKOPUCTAHHSM HAMiBEMIIIPUYHOTO KBAaHTOBOMEXAHIYHOTO METOAY pPO3pPaxyHKY
MNDOQO, cTBOpeHOro rpynor aBTOpiB [6] AJid pO3paxyHKYy MOJIEKYJI, IO MICTSTh
€JIEMEHTH TEepIIOTO 1 JIPyroro psaiB nepioguyHoi tabnumi. Ile#t meTon mo3Bosisie
pO3paxyBaT €HEPreTUUHY CTPYKTYPY MOJIEKYJIH, BUTIIA MOJEKYJSIPHUX OpOiTaneit
JUISl KOKHOTO CTaHy MOJIEKYJM 1 CHJIy OCIHJISATOpa KBaHTOBOro mnepexony. s
MPOBEJCHHS PO3PaxyHKy B HAIIOMY BUIAJKY BPaxoBaHO 36 MOBHICTIO 3alIOBHEHUX
MO. Tlpu npoBeneHHI po3paxyHKIB 30y/UKEHUX CTaHIB BpaxoBaHa KoH(pirypariitHa
B3aemoaig MK 12 3amoBHennMH 1 12 ButbHUME MO.
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Tabmuus 1. [Mapamerpu 30ymxenHs monekyiu TAII 3 ocHOBHOT reoMeTpruyHOT KOH(Iryparii

[Tepexin Homepu MO Cura Binnecenns | AE, eB
OCLUJISITOpPA
S1 34,35,36—39 0.0001 n— o* 2,6252
S2 34,36—41 0.0002 n— o* 2,9194
S3 35,36—40 0.0001 n— o* 2,9605
S4 36—37 0.2266 n— ¥ 3,4896
S5 35537, 36—38 0.0384 n— ¥ 3,6923
T1 36 —»37, 38 n— * 2,0001
T2 34,35,36—39 n— o* 2,3089
T3 36—38 n— ¥ 2,3912
T4 36—42 n— ¥ 2,5569
T5 34,36—41 n— 6% 2,6240
T6 35,36—40 n— o* 2,6715

B Tabmuui 1 HaBeaeHi oTpuMaHl pe3yiabTaTH po3paxyHKiB. [loyaTkoM BIITIKY
BHOpaHa eHeprid 3B’ 53Ky €JIEKTPOHIB, Jokani3oBaHux Ha 36 MO, 3 Mmonekynoro TAITIL.
3 Tabnuil BUAHO, IO CTPYKTypa MOJICKYJIM 3YMOBIIOE TOW (PakT, 10 €HEepreTUdH1
piBHI 30y/’)KEHHX CTaHIB BUCTYINAIOTh Tpiikamu. [Ipu npoMy Tpu HUXKHI CHUHIJIETHI
KBaHTOBI MEPEXOIH MpeAcTaBieHl n—o* nepexoaamu (Ha MO NeNe 39,40 1 41), 3a
SAKUMH CIITYIOTh T— T mepexou. 3p0o3yMiJio, M0 BEIUKY CHITy OCHUIISITOpA MOXHA
OUIKYBAaTH JUIIE 7151 T— 7 nepexoiB. [Ipu bomMy HalOUIBITY CUITY OCHIMIIITOPA MA€E
KBaHTOBUH mepexisy Mk BepXHboto 3aitHsATor0 MO (Ne36) 1 HHKHBOIO BUibHOIO MO
(Ne37).

N
c*-MO41

Tpumetni n—n* 1 m—c* KBaHTOBI MEepexoau TNEpEMilllaHi, MPOTE TEX
BHUCTYTAIOTh TpiKikamu.. B [1-4] mokazaHo, 0 MpOIECH TUCOINaIlii MOJEKYJIn Ha
(dbparMeHTH MOKJIMBI BUKIIFOUHO 3 TG *- cTaHiB. OTKe, OJUH 3 TPUILUICTHUX CTaHIB T»,
Ts un T Oyze BIAMOBITAIBHUM 32 TUCOITAIII0 a3UI0TPYITH MpU 30YKEHH] MOJICKYJIH
TAII: T, B monoxenHi 5, Ts B monoxkenHi 1, T¢ B mosoxkeHHi 3 (Hymepailisi o KUTBITIO
3a TOJIMHHUKOBOIO CTPUIIKOI0). B gaH1ii poGOTI TOCHIIKY€EThCS TUCOIIALIIS a3U0TPyITH
B nojiockeHH1 1. Tomy TyT 300paxkeHa 6*-MO41. EHepreTnuHa CTpyKTypa MOJIEKYJIU
JUTSI IIBOTO BUTAAKY HaBEACHA HA pUC.2.
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Puc. 2. Eneprernyna giarpama MOJIEKYJIH TPUA3UAOTIPIMIHHY .
IIpouecu qucounianii a3uaorpynu

Ha puc. 2 naBegena enepreruuna aiarpama mosexkynu TAIL, 3 sikoi BUruBae, 1o
JUCOIIIAaTUBHUMHU CTaHaMU € cTanu Ts 1 S,. [lpu mpomy BumoBxkeHHsT N-N-3B’S3Ky
TIPUBOIUTS JI0 IEPETUHY Ha BifcTani 1,72 A ocHoBHOTO S¢- cTany 3i cranom Ts, B Toif
yac SIK CTaH S, MEPETUHAETHCS 3 OCHOBHUM CTaHOM Ha BiacTaHi 2,06 A. Orxe,
JUcoLalsl MOJIEKYJU 31 CcTaHy Ts CIOPUYMHUTH TMOSBY HITPEHA B OCHOBHOMY
TPUIUIETHOMY CTaHi, B TOM 4Yac K AucOIlalis 3 Sp- CTaHy NPUBEAE IO CTBOPEHHS
HITpeHa B 30y/)KEHOMY CHHIJIETHOMY cTadl. [Ipum npoMy aucomianmis 31 ctany Ts
B110yBaeThcs Oe3 Oap’epa, B TOM 4Hac sK JJs JucoIiamii 31 cTaHy S; HEOOX1JHO
noaonatu 6ap’ep Bucororo 0,12 eB. 3BuuaiiHo, MpU KIMHATHIA TeMIeparypl Le He
CyTTEBA BEJIWYMHA, MPOTE, BOHA JICIIO CHOBIILHUTH MOXJIMBICTh JUCOITIAIT 31 CTaHy
S,. 3 iHmoro 60ky, mpoiec S; — S; BiAOyBa€ThCS HACTUIBKU MIBUIKO, 1110 3pOOUTH
HEHMOBIPHUM TIpOIIeC AucoIialii 31 crany Sy. [ami, cranu S; 1 Ts MaroTh MPaKTUYHO
OJIHY 1 Ty » €HEprito, BHACIIJOK Yoro iHTepkoHBepcis S; — Ts BimOyaeThes
HaJ3BUYANHHO MIBUAKO. SIK HACIIIOK, IIPOIIEC AUCOIIAIil a3uI0TPyId B TOJIOXKEHHI 1
TAII moxe BinOyTHCh nuie 31 ctany Ts.

BucHoBkn

Ha miacraBi TeOpeTUYHUX TOCHIIKEHD 1 aHaJi3y €KCIEPUMEHTAIbEHO OTPUMAHUX
JaHUX 10A0 (POTOXIMIYHOT aKTUBHOCTI MOJIEKYJH TPUA3UIOMIPIMIAMHY IOKa3aHO
HACTYIIHE.

1. C, cuMeTpist MOJIEKYJIM 3yMOBITIOE TOU (paKT, IO EHEPTreTUYH1 PiBHI 30y IKEHUX
CTaHiB BUCTYNatOTh Tpilikamu. Cepesl CUHTIIETHUX CTaHIB HAWHMXKYY €HEprilo MaroTh
nepi Tpu no*-ctanu. Cepen TPUIUIETHUX CTaHIB €HEPreTH4Hl PiBHI T™*- 1 mo™-
cTaHiB mepemimani. 3a GopMmyBaHHS CHEKTpy moriuHaHHg Mojekyman TAIl
BIJIMOBIAAI0Th KBAHTOBI NEPEXOJU B ™~ CTAaHU, TOMY 3a MEPIIY CMYTY MOTJIMHAHHS
BI/IMOBiJa€ KBAaHTOBUH IEpPEXiJ B CTaH Sy.

2. 30ymKeHa B M- cTaHW MOJIEKYJia IIBHJKO PENIaKCy€e B MG*- CTaHU, 3 SIKUX
MOXJIUBE TPOTIKAHHS TMPOIECIB JUCOIIAIi MOJIEKYJW. 3 IHIIOTO OOKy, 7o*
KOH(iryparlisi CHHIJIETHUX CTaHIB CIIPUSIE MIBHUKINA KOHBEPCIi MOJIEKYJIM B TPUIUIETHI
TG*-CTaHMU.
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3. mo™- craHM MOXYThb MATH IOTEHLIAJBHY IOBEPXHIO JUCOLIATUBHOTO
xapaktepy. [Ipu mboMy BUSBHIOCH, IO JJIs TMPOTIKAHHS AMCOINIAI a3ugorpynud B
MOJIOKEHH1 1 cepen TPUIUIETHUX TG™- CTaHIB IUCOILIATUBHUM € JPYTUH TG*- CTaH,
T00TO cTan Ts, B TOU Yac K cepesi CUHIJIETHUX TG ™*- CTaHIB CTaH S.

4. JlucoriaTuBHA TOBEpXHS MpH BUAOBXKEHHI N-N- 3B'I3Ky NEpETUHAETHCS 3
HIOKHIMH €HEPreTUYHHMHU TOBEPXHSIMH, BHACHIIIOK 4YOTO BiOyBaeThcs Mepenava
eHeprii MDK CTaHamH, IO CIPUYMHIOE 3HWKCHHS KBAHTOBOTO BUXOIY IUCOITIAIli
a3WJIOTPYIH 3 CHHIJIETHOTO CTaHy. B Tol ske yac aucortiaris 31 crany Ts BigOyBaeThes
HEPIBHOBAKHUM IPOLIECOM, IO CIpPHsIE BUCOKOMY KBAHTOBOMY BUXOJY AMCOLIAIi
MOJIEKyNIH. €IMHUN KaHal TMOHMXKEHHS KBAaHTOBOIO BHXO0Ay (oToaucoLiamii
noB’sA3aHuil 3 mnepetMHoM cTaHiB Ts 1 T,, OCKUIBKM BOHM XapaKTepHU3YIOThCS
OJTHOTUITHHMHU KBaHTOBHUMH IIEPEXOaMHU.

5. Ilpu nucomiamii MOJNEKYJIH 3 CHHIJIETHOIO CTaHy YTBOPHUTbCS HITPEH B
30y)KEHOMY CHUHIJIETHOMY CTaH1, B TOW 4ac AK P AUCOLIAL] 3 TPUILJIETHOTO CTaHy
— B OCHOBHOMY TPHUIUIETHOMY CTaHi.
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