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BCTYII

XimMiyHa B3aEMOJis aTMOC(EPHUX BUKHJIIB PEUOBHUHHU 3 KOMIIOHCHTaMU
atMoc(epr TOpPOJIKYE HOBI CHOJYKHM W PpPEUOBHHM, Misl SKHX HA JKHUBI
OpraHi3MH, POCIMHHUM CBIT, METAJIH, CIOPYAH, OYIIBII MOXE MaTu
JeCTaOII3y0uni BILNIMB, OYTH LIKIIJIMBOO, BUKJIUMKATH y OPTaHi3Mi JIIOJUHA
HE3BOPOTH1 OloyioriuyHi mporecu. bopoTrhba 3 BHUKHMIAMHM IIKIIJIABUX 1
TOKCHUYHHUX CyMIIIEH, eKCIIEpUMEHTAIIbHI TOCTIIKEHHS, (P13MKO-MaTeMaTUYHE
MOJIETIOBaHHS Ta PO3po0Ka (Pi3UKO-XIMIYHUX CIIOCOOIB KOHBEPCIi CyMillIeH €
HAyKOEMHMMM  €TarmaMud 1  1OTpeOyloThb  BUKOPUCTAHHS  3HAYHOIO
IHTENEKTYyaJIbHOTO PECYPCY.

Jlo Haii0inpie epEeKTUBHUX METOJIB, IO BUPINIYIOTH MTPOOIEMU
3a0pyIHEHHSI HaBKOJIMIIIHHOTO CEPEJOBUINA, BIHOCITHCA €IECKTPOPIZUUHI —
3aCTOCYBaHHS EJIICKTPUYHHUX PO3PSAIIB Ta EIEKTPOHHUX ITy4YKIB, 10HI3yIOUe
BUIIPOMIHIOBAHHS, MIIa3MOCTpyHHI peaktopu [1-8]. [lo mepeniky nuToBaHUX
poOIT ciig gomatu Hairy poOOTy, y sikiii Bmepie Oyia po3B’sizaHa 3ajiada
JUHAMIKH €JIEMEHTApHOTO aKTy XIMIYHO1 peakIilii Ha TBepAii moBepxHi [9]. ¥V
uid poboti Ha mnpukiaal Moiekyan CO mnoka3zaHuil mnepexis XIMIYHOTO
3B’SI3KYy BiJl CTaHY MaKCHMaJbHOI CTIMKOCTI JJO MOMEHTY HMOro AMcomiarmii y
npoleci HaOJIMKEHHS 0 TOYKOBOTO €JIEKTPUYHOTO 3apsiay (KyJIOHIBCHKOTO
HEHTPY). Y JOCHIDKEHHSX BIUIUBY €JIEKTPUYHOTO TOYKOBOTO 3apsiiy Ha
CTIMKICTh XIMIYHOIO 3B’SI3Ky BUBYAETHCS SIK MIHIMYM JiBa MUTAHHS: TEpIle —
e 3aJeXKHICTh PYHHYBaHHSA XIMIYHUX 3B’S3KIB BiJ HIUIBHOCTI PO3MOALTY
3apsAiB Ha MOBEPXHI a00 KOHIEHTpAIlli y MPOCTOPi ra30BOT0 CEPEIOBHUIIA,
BiJICTAHI MOJICKYJIM BiJ 3apsily Ta TeMIIepaTypH; Ipyre — yTBOPEHHS HOBUX
3B’SI3KIB Ta HOBUX PEYOBHUH B 3aJIKHOCTI BiJl TEPMOJAMHAMIYHUX, KIHETUYHUX
Ta IHIIUX (aKTOPiB.

B poborax [10-13] mocnikyBaiucsi mpoOLECH JUcOLiallli BOJHIO Yy

HAHOCEKYHIHOMY PO3psAJil, PEJIaKCcalliiiHl Ta IUIa3MOXIMIUHI MPOIECH TMICHs
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HAHOCEKYHIHUX Ta30BUX po3psamiB. Iling dvac enexktpodizuuyHux 00pOOOK
PEYOBUHU BUSIBJIEHO PsAJl HOBUX 3aKOHOMIPHOCTEM, SIK1 CJIIJT ypaXxOBYBAaTH MpHU
nepexo/1i BiJl eKCIEPUMEHTIB J0 MPAKTUIYHOTO BUKOPUCTaHHs. BcTaHOBIEHO,
Halpukiad, 1[0 3MEHIIEHHS TPUBAJIOCTI  po3psiay  30UIbIIYyE  3a
CKCTIOHECHITIAJIbHOKO 3AJICKHICTIO €(hEeKTUBHICTh CHHTE3Y HITPpHUAIB pocdopy 1
KOHJIEHCOBAHOI'O 030HY. JleTaJIbHO JOCIHII)K€HAa KOHBEPCIisl OKCHJIB a30Ty 1
CIpKM B TMPOAYKTaX 3TOPSHHS, IHIIIHOBaHA CTPUMEPHOIO KOPOHOIO,
BUBYAIOTHCA TMPOIECH KOPOHYBaHHS KAaTOAIB B EINEKTPUYHHX PO3psax,
JOCHIIKYIOThCS POLIECH JIEKOHTaMIHAIlli (3HE3apa)KyBaJIbHS) MOBITPS 1 TaKe
1HIIIE.

OaHuM 13 HampsIMKIB BUPIIIEHHS OPOOJIEMU OYMCTKU IMOBITPSA BiA
JOMIIIIOK CIPKOBYTJICIIO € CTBOPEHHS B Ta3l CIaOKOIOHI30BAHOI ILIa3MH
CJIEKTPUYHUMU pO3psaaMu a0do eleKTpoHHUMHU Iydkamu [1;2;8]. 3a paxyHok
nigoopy mMapaMeTpiB Tydka 1 3apsigy OJEpPXKYIOTh ONTHUMAIbHUN PEXUM
KOHBepcii TOKCHYHOI Jomimiku. ExkcnepumeHTanbHO BcTaHoBieHO [1] nBa
peKMMU KOHBEpCIi JOMIIIKH, SIKI 3aJIe’KaTh BiJ THIa BUKOPUCTOBYBAHOI'O
My4Ka, BIAPI3HAIOTHCS MEXaHI3MaMH Ta KIHIIEBUMHU MPOAYKTAMU: y TIEPIIOMY
BUMAJKY TPOAYKTaMH KOHBEpCIi SBJISIOTHCS OKCHUAM €JIEMEHTIB Ta30BOi
cymimii, y apyromy — croiayka (—CS-), y koHaeHcoBaHoMmy ctaHi. Cmia
BIJIMITUTH, 1110 y IUIa3Mi, CTBOPEHIM MYyYKOM €JIEKTPOHIB BUCOKOI IIIJIbHOCTI
Jlisl 30BHINIHBOTO EJICKTPUYHOTO TOJISA 1HIIIIOE YTBOPEHHS OKCHIIB a30Ty 1
3HIJKEHHSI 1HTEHCHUBHOCTI KOHBepcCii CIpKOByTJiewo. [HmwMi cuenapii
CKJIQIa€ThCS, SIKIIO BIUTUBATH HA CyMIilll CIIA0KOCTPYMOBUMH ITydkamu. [Ipu
30UTBIIIEHH] BKJIAy 10HHO-MOJEKYJISPHUX NPOIECiB (TOJOBHUM UYWHOM 3a
paxyHOK 3HIDKCHHS  IHTEHCHUBHOCTI  €JICKTPOH-IOHHOI  peKOoMOIHaIli1)
GhOpMYIOTECS KJIaCTepH 1 y HUX BiIOYBA€THCS MOJTIMEpHU3AIlisi CIPKOBYTJICIIFO.
Tyt cnin migkpecauTy, o eheKTUBHICTh BUIATICHHS MOJIEKYJ CIPKOBYTJICLIIO

13 10HI30BAaHOTO MOBITPSI CTA€ YK€ UYTIMUBOIO JO CIAOKOIO €JIEKTPUYHOTO



noys. SIKk BBaXarOTh aBTOpU [1] 1€ MOB’s3aHO 3 3aJEKHICTIO IIBUIAKOCTI
reHepallii 10HiB, yTBOPIOOYUX KJIACTEPH, BiJl HAPY>KEHOCTI MOJISI.

Oco0n1BOi1 aKTyaJIbHOCTI HA0YBarOTh MUTAHHS OE3MEKU CepeOBUIIA Ta
HAJIMHOCTI pOOOTHM  €NEeKTPOYCTATKyBaHHA Yy MIA3€MHHUX BHUPOOKaX.
Bubyxo3axuiieHe 1 pyJHUKOBE €JIEKTPOYCTaTKyBaHHS IMOBHUHHE 3a0€3MEUNUTH
0€3MeKy 3aCTOCYBaHHS €JIEKTPOEHEPTil 1 BUCOKY HAAIMHICTh Yy CHEUU(PIUYHUX
YMOBaX MiA3EMHUX MIJMPUEMCTB TIPHUUOJ00YBHUX Taly3ed MPOMHCIOBOCTI
(IIaxT, pyOHUKIB), a TaKOX HIAOPUEMCTB XIMIYHOI, Ha(TOBOiI, ra30BOi Ta
IHIIMX Taly3ed HApPOJHOTO TOCIOJApCTBA, IO MAalOTh BUOYXOHEOE3NEeYHY
atMocdepy. Y TOH ke 4yac MiJ3eMHI eeKTPOYyCTaHOBKH €KCIUTYyaTyIOThCS B
yMOBaxX IMIJBUIIEHOI BOJIOTOCTI, 3alUJICHOCTI 1 BHUOYXOHEOE3NMEUHOCTI
PYAHHKOBO1 aTMOC(hepHu.

@D13UKO-XIMIYHI TIPOIECH, BUSIBIICHI I1iJl YaC BUKOHAHHA JaHO1 poOOTH,
3'IBUIMCSA  (PAKTUYHO BIAKPUTTSIM sl (GaxiBiiB, IO PO3pPOOIIAIOTH
BUOYX03axHIIEHE €JICKTPOYCTAaTKyBaHHS, 1 BUSHAYMUIM TOJOBHHM HAmNpsM B
CTBOPEHHI  TaKOrO  €JIEKTPOYCTaTKyBaHHsS: pO3pOOKYy 1  B)KMBAHHS
KOMYTAIlIHUX amapariB, K1 3A1ACHIOIOTH TaCiHHS EJIEKTPUYHOI AYTU B
repMeTn30BaHux kamepax. 3a inimiatuoro YKpH/IBE (M. [lonenbk) Boepiie
B YKpaiHi OyJo OpraHizoBaHO BUPOOHHUIITBO KOHTAKTOPIB 3 BaKyyMHHMH
nyroracujipHUMU Kamepamu Ha ctpymu 160, 250, 400 A Ta Hampyru a0
1200 B, na ©6a31 AKkuX BHUITYCKAIOThCA BCl Cy4yacHI IyCKadl Ta CTaHIIl

YIpPABJIIHHS.



1. YMOBU TA HAPAMETPU YTBOPEHHS ATPECUBHUX,
HOXKEXKO- TA BUBYXOHEBE3IIEYHUX CEPE/TOBUAIII
Y NIA3EMHUX BUPOBKAX IHAXT

Jlnst 30UIBIIEHHST MOTYXKHOCTI 1 TMPOJYKTUBHOCTI TIPHUYHMX MAaIUH 1
MEXaHI3MIB HEOOXIJIHO MIABULIYBaTH HANpPYry >KUBJICHHS LHMX MAalIuH.
[linmpuemMcTBa BYTUIBHOI 1 JAESIKHAX IHIIUX Taly3ed TipHUYOA00YBHOI
MIPOMUCIIOBOCTI TIEPEHIINIM Ha >KUBJCHHS TEXHOJIOTIYHOTO YCTAaTKYBaHHS
Hanpyroto 660 B u B TemepimHiil yac MNPOBOASATHCA POOOTH 3 MAacCOBOTO
MEPEeBOAY CHUCTEM EJIEKTPOINOCTAYaHHs Ha HACTYIHY CTYMHiHb HaNpyru —
1140 B. Opnak nocBij ekcrutyatanii BHOYXOOE3MEUHMX KOMYTAI[iMHUX
amapaTiB IOKaszaB, II[0 COpoOM IIBHUJIKOTO IIEPEBEACHHS IIJI3EMHHX
€JIEKTPOYCTAaHOBOK Ha MIJIBUIIEHY HAIpyTy, OKPIM HEJOCKOHAIOCTI CHCTEM
3axXUCTy, Oy 3aTpUMaHi Ha JIEKUIbKa POKIB III€ OJHUM, PaHIIle HEBIJOMUM
YUHHUKOM: KaTacTpO(IUYHO MIBUJIKUM 3HMKEHHSM OIOPY 13011111 1 BUXOJI0M
3 J1aly BUOYX03aXHIICHUX 1 PyTHUKOBUX KOMIUIEKCHUX arapaTiB yMpaBIIiHHS
1 3aXUCTy, SIKI MPalOIOTh B IHTEHCHBHHUX pPEXUMax KOMYTaIlli CHUJIOBUX
SJIEKTPUYHMX Mepex mpu Harpysi 660 B 1 Bume. Hanpuknan, Tepmin ciayxou
nmyckadiB Ha 660 B ckiramaB Bij aekiabKa THKHIB 10 3-X MICSIIIB.

AtMocdepa miA3eMHHMX TIPHUYMX BUPOOOK (Temmeparypa, BOJOTICTb,
3ara3oBaHICTh 1 3aMWICHHS) BIUIMBAE€ HA CTaH, TEPMIH CIyXOU 1 HaIIHHICTH
BUOYX00€3MEYHOTr0 eIeKTPOYyCTaTKyBaHHS. AJie, TOAATKOBO JO 30BHIIIHIX
BIUTMBIB TIpHUYOI arMocdepr, B OOMEKEHOMY 00CSI31 PYyIHUKOBUX
BUOyXxo0e3meuHnx  amapariB  (OPMYyeETbCS  OCOONMBHUN  MIKPOKJIIMAT,
BIIMIHHMM TI0 CBOiX T©apaMeTrpax BiJ KJIIMaTy TIpHAYHUX BHUPOOOK.
BubOyxoHenpoHukHa OOOJOHKA amapara MepelIKo/IKae BUIBHOMY OOMIHY
BHYTPIIIHBOT MiKpoaTMocdepu 3 aTMOCcepor0 HaBKOJIUIITHBOTO CEPEIOBUIIIA.

Oxkucnu a3oTy 3'€IHYIOThCS 3 MapaMu BOJM, IO € MPUCYTHIMU y BOJOTOMY

7



MOBITP1, 1 YTBOPIOIOTH a30THY ¥ a30THCTy KHUCJIOTHU. [li akTUBHI OKHUCIIIOBaYl
OCiJal0Th Ha KOHTAKTHI 3'€JHAHHSI, 130JISI[1HHI MaTepiaiu, METAJICBl BY3JId Ta
JeTatl, 10 TPU3BOJUTH JO OKUCIIIOBAHHS KOHTAKTHHUX 1 PYXJIMBHUX 3'€/THAHb,
3HIKEHHsST onopy i3oisuii. [IpuumHamMu nporo €, Hacammepena, BIIKpUTA
CJIEKTPUYHA Ayra, 10 BUHUKAE TPU KOMYyTallli MIIKIIOYEHOro J0 amapara
HAaBAHTAXKECHHS, a TaKOX TEIUIOBI Ta (PI3MYHI MPOLECH YyCepeauHl
BUOYXOHEITPOHUKHOT 000JIOHKH MPH MPOXOKEHHI CTPYMY HaBaHTaKCHHS I10
CUJIOBUM 1 KOHTPOJIbHUM araparam i CTpyMOIIPOBO/IaM.

JIJist CTBOpPEHHS 1 OCBOEHHSI BUPOOHHUIITBA HA MiANPUEMCTBAX Y KpaiHU
HOBOTO  TOKOJIIHHA  BHUOYXO03aXMILEHOTO  €JIEKTPOYCTaTKyBaHHS, IO
3abe3reuye Oe3rneuHe 1 oe3nepeOiitHe CJICKTPOIOCTAYaHHS
BHUCOKONPOAYKTUBHOI ~ TIPHUYOJOOYBHOT ~ TEXHIKM  JUIsl  M1JABUIICHHS
IPOJYKTUBHOCTI Tpaili 1 00'eMiB BUAOOYTKY KOPUCHUX KONAIMH, HEOOXITHO
Oy7n0 BUPIMMUTH [UIMA  PAX  JOCHIJIHUIIBKUAX, KOHCTPYKTOPCBKUX 1
TEXHOJIOTIYHMX 3aJ1ay, OJIHA 3 SIKUX MOJsArajga y BCTAHOBJICHHI 1 TOCITIKEHHS
OPUYMH MPUCKOPEHOTO PYyMHYBaHHS 130JSILIMHUX MaTepiaiiB 1 MOKPUTTIB
METaJeBUX JleTajell BHOYXO3axXHUIIEHUX alapaTiB yHpaBIiHHS MPU HAMpPy3i
660 B 1 Buile, a TakoX B po3poOIl METOJIB 1 3aCO0IB YCYHEHHS BKa3aHUX
HETaTUBHUX SIBHIII.

B pesynbrari AOCHIKEHBb, CYTh SIKMX IIpEJCTaBJieHa B JaHId
MoHorpadii, po3pobiieHa (i3UKO-MaTEMaTHYHA MOJEIb  PO3PAXYHKY
CJIIEKTPOHHUX MOJIEKYJISIPHUX TE€PMIB 3 BpaxyBaHHIM €KpaHyBaHHS sIICPHUX
NOTEHIIATIB €JIEeKTPOHHUMHU OCTOBaMHU 3B'si3aHMX eJeKTpoHiB. OcobnuBa
yBara BIJIBOJWJIACSA PO3pOOIl METOAWKH PO3PaXyHKIB PIBHIB KOJIMBAIHHO-
30yPKEeHUX CTaHIB MOJIEKYJ] rasy. Bigkpura HOBa 3aKOHOMIPHICTh PO3BUTKY
BHUCOKOIIBHJIKICHUX (DU3UKO-XIMIYHUX pEaKIiii B PYIHHUKOBIA aTtMocdepi,
oOyMoOBJieHa OO'€eMHMMH 1 TOBEPXHEBUMHU IIpOIIECAMU B HEPIBHOBAXKHIN

HU3BKOTEMIIEPATYypHINA IIa3Mi Ta30BOTO PO3PSAY, SKI CYNPOBOJIKYIOTHCA



pyMHYBaHHSIM MOJIEKYJI Ta YTBOPEHHSM HOBHUX 3'€lHaHb IIiJi BIJTUBOM
CJICKTPUYHOTO TOJISI TOYKOBHUX 3apsiTiB.

BucokoenepreTuuHuii BIUIMB € OJHUM 3 HaWOLIbII €(QEeKTUBHHUX
CrOCO0IB 3MIHM CTPYKTYpU pEUOBHMHH, CKJIady, CTaHy 1 Oararbox ii
BiacTUBOCTEH. OHUM 3 TaKMX CIOCOOIB, IO POOJIATH MMOMITHUMH BIUIMBH Ha
CTIMKICTh MOJIEKYJ Ta (PI3MKO-XIMIYHI BJIACTUBOCTI MOBITPA y MIA3EMHHUX
BUPOOKAxX IIAXT 1 PyJAHUKIB, € HEPIBHOBAXHUHN €JIEKTPUYHUN PO3PSJ Y razax
[14-18]. ¥V razoBoMy po3psiii €HEprisi EJEKTPUYHOrO IMOJIsl IEepPEeAaeThCs
€JIEKTpOHaM c1a00 10HI30BAHOI IIa3MU, SKI B CBOIO 4epry 3a0e3NeuyroTh
HAATEIUIOBE 3acelieHHs 30y/KeHHMX CTaHIB aToMiB 1 MoJekyid. HeutpanbHi
MOJIEKYJIH, 30YJIPKEHI €JIEKTPOHAMU, MOXKYTh CTUMYJIFOBATH MEPETBOPEHHS, 110
3MIIACHIOIOTHCS y HEPIBHOBKHHUX MIa3MOXIMIYHUX CUCTEMAX.
HepiBHOBaXHICTh MOKE OYyTH 00YMOBJIEHOIO PI3HUMH (P13MYHUMU BILTUBAMHU —
CJICKTPOMArHiTHOTO TIOJISI, HAJI3BYKOBOTO BWTIKaHHS, a TaKOX CaMOI0
XIMIYHOIO PEaKili€lo, TOMYy IO XiMIYHA pPeEakilis $SK IOPOrOBUHM TMpoIieC
3MEHIITY€ KUIbKICTh MOJIEKYJI 3 €HEPri€lo, M0 MEPEBUIIYE MOPOTOBY, 1 3MIHIOE
TUM caMuM QYHKIIIT PO3MOILITY MOJICKYJ 32 €HEPT1SIMH.

Benukoro pi3HOMaHITHICTIO BHM3HAYAIOThCS MEXaHI3MHU, 3a SKUMU
3MIACHIOIOTBCS. Y HEPIBHOBAXHUX yMOBax XiMiyHI peakmii. OguH 1 TOH
CyMapHH TIpOIlEC y 3aJIeKHOCTI BiJ CTYNEHIO 10HI3alllil, EJIEKTPOHHOI
TEMIIEpaTypy, TUCKYy Ta TUTOMOI EHEPrOHAMPY>KEHOCTI PO3PSOAYy MOXKeE
3IIMCHIOBATUCS TPUHIIMIIOBO PI3HUMH IIUIIXaMH, 3 CYTTEBO BIJMIHHOIO
CHEPreTUYHOI0 €(PEKTUBHICTIO. MeXaHI3MH TUIa3MOXIMIYHUX PEaKIliid MaroTh
Pz 0COOTUBOCTEM, 0OYMOBICHUX HACTYTHUMH (PaKTOPAMM:

e peakIlii gucormiamii XIMIYHHAX 3B’S3KIB, B PE3yJbTaTi SKUX
YTBOPIOIOTHCS BUIbHI pajivKaiv (IHILIIOIOTHCA TakKl peakilii KOJMBAJIbHO- Ta
€JIEKTPOHHO-30YIKeHUMH MOJICKYJIaMH 1 €JICKTPOHAMH );

® JHCOIlIAIlisg XIMIYHUX 3B’SI3KIB Ue€pe3 €JIEKTPOHHO-30Yy/KEHU CTaH,

[0 OpoTikae y JB1 cTajili: 1 — enekTpoHHE 30YyKEHHs, 2 — Jucouials
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30y/PKEHUX CTaHIB;

® 1OHHO-MOJICKYJSIPHI peakIlii 3a ydYacTi eJICKTPOHHO-30YIKEHUX
10HIB.

VY HepiBHOBaXHHX CHCTEMax, B TOMY YHCIi €JIECKTPUUYHOMY PO3pSIl B
razax KiHETHKa XIMIYHUX MPOIECIB CYTTEBO BIAPIZHIETHCS Bl 3BUYAWHOL
XiMiyHOT KiHeTHKH. HepiBHOBa)kHAa XIMIYHA KIHETHKA BpPAaXOBYE KBAaHTOBY
EHEPreTUYHy CTPYKTYPY MOJIEKYJI 1 aTOMiB, TOOTO KOHIIEHTPAIII0 KO>KHOTO
KOMITIOHEHTA Y KOKHOMY €HEPreTUYHOMY CTaHl Ta KaHAJIM XIMIYHUX pPEeaKLii.
Bzarani xiMi4yH1 peaxiili y HU3bKOTeMIIEpaTypHii 11a3mi € OararokaHaJIbHUMU
npoLecaMu 1 BU3HAYalOTh TAKUM YMHOM IIMPOKI MOXJIMBOCTI YIPAaBIIHHSA iX
HaANPSIMKaAMHU.

BaxxnuBy poiib KonMBaJIbHE 30yIKEHHS MOJIEKYJI BlAIrpae B opraHizarii
HEPIBHOBOXHMX TIPOLIECIB 1 CEJICKTUBHUX peakiiil. [[1s1 HepiBHOBaXKHOT
IUIa3MOXIMII MEXaHI3M KOJMBAJIBHOTO 30YKEHHS MOJIEKYJl EJIEKTPOHHUM
yIapoM XapaKTePHU3y€eThCs CHEle(iuHOI0 MEPEBArok0, sika MoJsTrae B TOMY, 10
el MeXaHI3M MOXK€ CTHMYJIOBATH XIMIUHI TIEPETBOPEHHS 3 HANOUIBIIO0
CHEPreTUYHOI0 e(EKTUBHICTIO. [HIIMMHU CJIOBaMH KOJIMBAJIbHA CTYIIIHb
cBOOOAM MOJIEKYJl € CIIJCTBOM Jii pO3pSAHOTO €HeproBkIady. s misoro
psy HeelnekTpoHeratuBHuUX motiekyn razy — Np. CO, CO,, H, Ta iHmumx —
KOJMBAJIbHA EHEPris pEareHTIB € HalOuIbll e(EeKTUBHOK Y TOJ0JIaHHI
aKTUBaLIMHUX Oap’epiB  eJeMEHTapHuX peakiiil. Bigomo, wo mnpu
KOJIMBAIBHOMY 30Yy/DKEHHI MOJIEKYJl CHEPreTHYHUN TOpIr, SK MpaBuUio,
CHIBIIaJIa€ 3 aKTHBAIlIMHUM Oap’epoM peakilii, ajie dYepe3 eICeKTPOHHE
30y PKEHHST MOJIEKYJI BUSBIIIETHCS TIOMITHO HIDKYMM 3a TIOPIT caMoi peakiii.
Hanpuknan, xonuBasbHE 30yMKEHHS MOJEKYJIM BOAHIO TOTpeOye s
mucoranii 4,4 eB (eHepris 3B’s3Ky), a JaucCOIllallisl €JICKTPOHHUM YIapoM
noTpeOye y aBidl O1IbII01 eHeprii. I IHIINX MOJICKYJT TPUKIIAIA aHAJIOTIYHI.

Ak oauH 13 MPUKIAAIB BUHUKHEHHS XIMIYHO aKTHBHOI ILIa3MH 3

HEPIBHOBAXKHUM KOJIMBAJILHUM 30Yy/IPKEHHSIM MOJIEKYJI Ta3y CIHOCTEPITa€ThCA Y
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MIPOCTOPI MIXK €JIeKTpOoJaMy TIiJ] Yac PO3IMKHEHHS KOHTAaKTIB, IO HECYTh
CIICKTPUYHUN CTPyM, Ta Ha TIOBEpXHI aHOMy SIK €(EeKTHBHOTO DKEpesia
BTOPUHHUX aTOMIB, III0 YTBOPIOKOTHCA 1] J1€I0 MOTOKY IIBHUAKUX 10HIB [15-
18]. VYTBOpeHHA BTOPMHHOI IUIa3MH OOYMOBJIEHO NPOHUKHEHHSM B
MDKEJIEKTPOAHUN  TPOMDKOK  BTOPUMHHHMX  aTOMIB, IO  10HI3YIOTBHCH.
JloCIiJIPKEHHSIMM BCTAHOBJICHO, 110 30Yy/KEHHSI 1 JIUCOIIAIlsl MOJIEKYJ Ta3y
3MIIMCHIOETHCS HE TUIBKH TIiJ] Yac €JIEKTPUYHOTO PO3Psay O0e3MOCepe/IHbO, aje
¥ miciig ICHYBaHHS IJ1a3MHU.

Mix eleKTpoiaMu y Ta3l aKTU JUCOIlallli XIMIYHUX 3B S3KIB Ta XIMIYHI
peakiiii, Mo MPOTIKAIOTh, MOXKYTh OYyTH IHII[IHOBaHI TOJIOBHUM YHHOM 32
TaKMMU OCHOBHUMH YMOBaMHU Ta MPUYMHAMU: B IUIa3Mi MiJ] 4ac Ta yHACTII0K
ra3oBOT0 PO3PALY EHEPris EJNEKTPUYHOTO TOJIsA TMEepPEacThCsl EJICKTPOHAM
ci1ad0 10HI30BaHOI IUIa3MH, SKi B CBOIO 4Uepry 3a0e3ledyroTh HaATEIIOBE
3acenieHHs] 30y/PKEHUWX CTaHIB aTOMIB 1 MOJIEKYJ; B IIa3Mi Ha TMOBEPXHSIX
KaToJly Ta aHOJy; 3a PaXxyHOK BIUIMBY Ha XIMIYHHMU 3B’SI30K HANpPYKEHOCTI
MOJIsl TOYKOBUX 3apsiJiiB, pO3TAllIOBAHUX Ha MOBEpXHsX [9; 15; 16].

Pesynbratu gocmimxkeHb B oOnacTi G3UKH 1 XiMii E€JIEKTPUYHHX
pPO3psIIB y ra3i Jo00pe BiIOMI Ta MAalOTh 1CTOPItO, 10 CKJIAMAETHCA Mailke 13
IBOX CTOMNITh. JIo pyHIaMeHTanbHUX pe3yabTaTIB CIiJA BITHECTH MEXaHI3MU
YTBOPEHHS 1 pyiHHYBaHHs 30yJPKEHUX aTOMIB, SIBUILA IIEPEHOCY Ta KIHETHKA
30yKEeHUX MOJIEKYJ y TU1a3Mi, 3aKOHOMIPHOCTI €JIeMEHTapHUX pajialliiiHIX
MPOIIECIB, MEPEHOCY BHIPOMIHIOBAHHS Y CEpPEIOBHII, MEXaHI3M IEPEHOCY
€JIEKTPUYHOro 3apsny 1 Oarato iHmMX ¢izuunux edektiB. Illo crocyernes
HAayKOBHUX JIOCIIDKEHb B 00JAacTi B3aeMOJIIi XIMIYHUX 3B’SI3KIB MOJICKYI 3
TOYKOBUMH 3apsjaMu, TO TaKuUX POOIT Jy,e Majio 1 BOHHM OOMEXKYHOTHCS
JIEKUTBKOMA JIECSITKaMHi HAYKOBUX CTaTEeH.

YTBOpPEHHS XOJI0JHOT HEPIBHOBAKHOI IJIa3MU TIPH €JICKTPUIHOMY PO3PSIi
B ra3ax € e(peKTMBHHM 3aCO00M, 110 3aCTOCOBYeThCs y mazMoximii COy,, NO, Ta

SOy, BHUKOPHUCTOBYETbCA Yy 0araTbOX IHIIMX TEXHOJIOTTYHUX IMIpOIEcax Ta
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HAYKOBHX JIOCHIDKCHHSAX. Y TIPHUYIN CIIpaBl TMPaKTUYHY 3alliKaBJICHICTh 1
BOKJIMBE 3HAYECHHS MAlOTh JOCHIPKEHHA TPUYMH YTBOPEHHS IOXKEXKO-,
BUOYXOHEOE3MEYHNX Ta arpeCUBHUX CEPEIOBUII B IMI3EMHUX BHPOOKaX IMaxT 1
PYAHHUKIB Ta pPO3pOOKa CIOCOOIB CYTTEBOIO 3MEHIICHHS BIUIMBY (D13UKO-

XIMIYHHX PEaKIliil y rasi.

1.1. XimiuHi peakuii, iHiHiHOBaHI eJIEKTPUYHUMMU 3apPsIaMH,

i IX BIUIMB Ha MIKPOKJIIMAT ycepeauHi BUOYX03aXHIEeHUX 00010HOK

AtMocdepa miA3eMHHX TIPHUYMX BUPOOOK (Temmeparypa, BOJOTICTb,
3ara3oBaHICTh 1 3aMWJICHHs) BIUIMBA€ HA CTaH, TEPMIH CIYKOU 1 HaIIHHICTh
BUOYX00€3MEUYHOr0 €JIEeKTPOYyCTaTKyBaHHS. AJie, J0JIaTKOBO JI0 30BHIIIHIX
BIUTMBIB TIpHUYOI aTMocepu, B OOMEKEHOMY 0O0CsI31 PyAHHUKOBUX
BUOyXx0o0e3neuHnx  amapariB  (QOPMYeTbCS  OCOOJMBUN  MIKpPOKJIIMAT,
BIIMIHHUH TI0 CBOiX TapameTpax BiJ KIIMAaTy TIPHUYUX BHUPOOOK.
[TprurHaMu 1LOTO €, HacaMIIepe, BIAKPUTA €NEeKTPUYHA JIyTa, [0 BUHUKAE
Py KOMYTAaIlil MiAKIIOYEHOro JI0 arnapara HaBaHTAXKEHHsI, & TAKOX TETIOBI 1
b1BUYHI  TmporecH  ycepeauHi  BHOYXOHENMPOHUKHOI  OOOJIOHKH  TpHU
MPOXOJIPKEHH1 CTPYMY HaBaHTAXKEHHS 110 CUJIOBUM 1 KOHTPOJIBHUM amnaparaMm 1
CTPYMONPOBOJIaM, TIpH TIEPEXOoAl dYepe3 OKpeMi BHOYXOHCTPOHHMKHI
BIIAUICHHS 1 T. 1HIII.

MikpokiaiMaT y  BUOYXOHENPOHMKHUX OOOJIOHKAX PpPyAHUKOBHUX
BUOYX00€3MEUYHNX armapaTiB KepyBaHHS 1 3aXHUCTy XapaKTEPHU3YeEThbCS IBOMA
rpynamyd  (QakTopiB: 30BHIIIHIMM 1 BHYTPIIUHIMHU. 3O0BHIIIHI (aKTOpU
3aJieXaTh B MICI YCTAHOBKH amapara, ToOTO Bij] TeMIepaTypH, BOJIOTOCTI,
3ara3oBaHOCTI 1 3aMUJIEHHS TIPHUYOi aTMocdepu, a TaKoX BIJ XapakTepy 1
peXKUMIB POOOTH MIJKIIOUYEHUX TEXHOJIOTIYHUX MalluH 1 MexaHi3MiB. [[o

BHYTpIIIHIX ()aKTOpPiB, II0 BIUIMBAIOTh HA YTBOPEHHS MIKPOKIIIMATY,
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BIIHOCSTBCS KOHCTPYKTHBHI OCOOJMBOCTI BHOYyX0O€3IMeUHOIro amapara W
OCHOBHOIO KOMYTAI[IHHOTO amaparta, TUI 1 KOHCTPYKIIS CHJIOBOTO
CTPYMONpPOBOJIa,  CHOCiO  mepefadi  eJIeKTPOCHeprii 3  OJIHOTO
BUOYXOHETIPOHUKHOIO BIJJIJICHHS B 1HIIE, MaTeplaiv 1 MOKPUTTS KOHTAKTHUX
3'€eIHaHb, THUII 1 KJIaC 130JIALIMHUX MaTepialliB, 3aKIaJcHUX y BUPOOI.

OcHOBHI 30BHIIIIHI ()AKTOPHU 1 CTYIIHb IXHBOTO BIUIMBY Ha MIKPOKJIiMaT
ycepeauHi  BHOyXoO€3I[eYHOro  amapara XapaKTepU3YHOTbCS  TaKUMH
(dakTopamu.

Temmneparypa B MiClll yCTAaHOBKM amnapaTra 3ajie)KUTh BiJ TJIMOWMHU
3aJiAraHHs BYTULIS, CUCTEMM 1 CTaHy MPOBITPIOBAHHS TIPHUYUX BHUPOOOK 1
ckinagae 25..,35 °C. Bounoricte atMochepu 3a3HaAY€HUX TIPHUYUX BHPOOOK
ckinamae BiamoBigHo 80...100 %, 3amwiIeHICTh 1 3ara3oBaHICTh TIPHUYHX
BUPOOOK y MICIISIX PO3TallyBaHHS EPEBAKHOI OLIBIIOCTI PYTHUKOBUX anapariB
ckiazae Bianosizao 1000 mr/m’ i 1,5 %.

BmiuB octranHix [BOX (DAakTOpIB NOpH JOTPUMaHHI HOPMATHUBHHX
napamMeTpiB y TIpHMYUX BHpPOOKax CyTTEBO HE BIUIMBa€E Ha CTaH
BUOyX00e3meuyHnx amapariB. Temreparypa 1 BOJIOTICTh HaBKOJUIITHHOTO
CepelloBUIlla MAaloTh OUIbII 3HAYHUM CTYHiHb BIUIMBY Ha MIKPOKJIIMAT
ycepennHi 000JIOHKH. 3B'SI30K MK 30BHINIHIMHU 1 BHYTPIIIHIMHU (daKkTopaMu
atMoc(epu XapakTepu3yIOTh Hacammepes] il TepMOJIUHAMIYHI TapaMeTpH,

OCHOBHHMMH 3 SKUX € 00’ €M, TUCK, TEMIIEpaTypa Ta BOJIOTICTb.

1.1.1. Excnepumenmanvti 00Ci0x0ceHHs

TeMmmeparypa MoOBITPSAHOI cyMilIi B 00OJOHIII amapara 3MiHIOEThCS Bij
TEeMIIepaTypyu HABKOJUIITHHOTO CEPEAOBUINA, TOOTO TPHUYOI BUPOOKHU B MiCIII
YCTAaHOBKH JI0 MAaKCHUMAaJIbHOI CTaJIOi TEMIIEpaTypu IMOBITPS YyCepeauHi

OOOJIOHKH TpPH KOMYTallii MIJKIIOYEHOr0 HAaBAHTAXKEHHSI CTpyMOIIpuiiMaya.
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Temrmeparypa meperpiBy MOBITPSHOI CYMIIl ycepeauHl OOOJIOHKM amapara
moxe pocaratu 40...60 °C. HarpiBanHs MikpoatMochepu ycepeauHi
OOOJIOHKM TPU3BOAUTH JIO0 IMJABUIIEHHS THUCKY 1 BHUTHCHEHHIO 3
BUOYXOHETIPOHUKHOI OOOJIOHKM TMOBITPSIHOI cymiln, puc. 1. 3a3HadyeH1
3QJIGKHOCT1 TMOKa3ylOTh, IO TMPU TEPEBUINCHHI TEeMIEpaTypH YCepeauHi
O0OOJIOHKM HaJ HaBKOJMIIHIM cepenoBuiieM Ha 60 °C 00’e€M BUTHCHYTOTO

noBiTps nocsrae 10%.
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Temnepatypa neperpisy, °C

Pucynok 1 — 3aneoxcnicms eumucrnymozo 06 'emy nosimps 6i0 memnepamypu

nepezpisy 015 000J10HOK 8ibHUM 00 'emom (n): 1 — 120; 2 — 240; 3 — 300

Jist moOy0BM 3aJI€eKHOCTI BIJHOCHOI BOJIOTOCTI Bl TeMIlepaTypu
neperpiBy BUKOPHUCTOBYIOTHCS EKCIEPUMEHTAIbHI JlaHI 3 YypaxyBaHHSIM
Ta0yJIbOBaHMX 3aJeKHOCTEW TMapIlaJlbHOTO THCKY BiI TeMIlepaTypu
cepenoBumia. Kpusi, mpeacTaBiieHl Ha puc. 2, OKa3ywOTh, 10 MiIBUIIICHHS
TeMrepaTypu TMOBITpsl ycepeauHi o000yioHKM amapata ycboro Ha 10 °C
NPU3BOAUTL JIO0 3HM)KEHHS BIJTHOCHOI BOJIOTOCTI Maibke B aBa paszu. L1
3aJIEKHOCT1 JO3BOJISIOTh YCTAaHOBHUTH, IO MPU KOMYyTalli MHIAKIIOYEHOTO

HaBaHTaXCHHA ycepez[I/IHi 000JIOHKH ariapara BiI[HOCHa BOJIOTICTh 3HAYHO
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HIDKYE 3a BOJIOTICTh aTMocdepu TipHu4oi BUpoOKU. OJHAK MPU HUKITYHIN
poOOTI anapara B KOPOTKOYACHOMY UM MOBTOPHO-KOPOTKOYACHOMY PEKHUMAaX
poboTn  BIIOyBaeThbCcs  MEpIOAUWYHE  HarpiBaHHA W OXOJIOJKEHHS
MiKpoatMochepu ycepeauHl OOOJOHKHM, a TaKOX 3HWKEHHS 1 IiABUILIEHHS
BIJIHOCHOI BOJIOTOCTI 3 BHUIAIIHHAM KOHJICHCATy Ha CTPYMOBEIYYHX
€JIEMEHTAX 1 130JISIIIMHUX JIETANISIX arnaparis.

[IpoBeneni mochmipkeHHs B J1a0OpaTOPHUX yMOBax 1 B IaxTax
MoKa3aju, 1o npu poOOTI anapaTta B peajbHUX PEKUMaxX BiJHOCHA BOJIOTICTh
MOBITPSIHOT CyMil ycepeauHi 00oyioHku ckianana 40...60 % npu BiAHOCHIN
BOJIOTOCTI TipHMYOi BUpPOOKH 95..98 9%, a mepeBUIlleHHS TeMIepaTrypu
MiKpoatMocdepu amapaTta HajJ TEeMIEpaTypor MOBITPSHOI CyMIiIll T1pHUYOI
atmocdepu 20...40 °C.

OCHOBHUM KOMIIOHEHTOM, IO BH3HAYa€ arpeCHMBHICTh MIKPOKIIMATY B
armapari, € BUILJTIOBAaHUHN TIPHU TOPIHHI €JIEKTPUYHOI TyTH aTOMAapHUI a30T, 110 Y
3'¢HAHHI 3 KHUCHEM TMOBITPsL yTBOproe okuciau azoty: 0,5-N,+0,5-0,—NO,
AQ=1 eB.
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Temnepatypa neperpiy, K

PucyHok 2 — 3anesicnicmo 6i0HOCHOI 801020Ccmi 8 00010HYI anapama
8i0 memnepamypu nepezpigy npu pizHiil 801020CMi HABKOJIUUHOSO

cepedosuya
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BuOyxonenponrkHa oOOJOHKa amapata NEpelIKOKAE€ BUILHOMY
OOMIHY BHYTpPIIIHBOI MiKpoaTMochepu 3 arMoc(epord HABKOIUIIHBOTO
cepenoBuia. OKUCIH a30TYy 3'€IHYIOTHCS 3 TApaMU BOJIU, IO € IPUCYTHIMU Y
BOJIOTOMY MOBITP1, 1 YTBOPIOIOTh a30THY ¥ a30TUCTy KHUCHOTH. LI akTHBHI
OKHCIIIOBayl, OCIJal04M Ha KOHTAKTHI 3'€HAHHs, 130JAMIMHI Marepialiu,
METaJieBl BY3JM 1 JieTalli, NPUBOJATH JO OKHUCIIOBAHHS KOHTaKTHUX 1
PYXJIMBHUX 3'€qHAHb, 3HIKCHHS OMOPY 130JisMii. 30UIbIIEHHS MEPeXiTHOro
OMOpY KOHTAKTHUX 3'€/IHaHb, 3HUKCHHS ONOPY 130JIA1LI11, 3aTUPAHHS PyXOMHUX
YaCTUH NPU3BOJATH JO BAHUKHEHHS BIIMOBJIEHb, 1 BUXOAY 3 JIay anapara.

Croyarky sK KOMYTalllifHI amapaTH, BHKOPHUCTOBYBAIHCS CEpiiHI
KOHTaKTOpH 3aranbHonpoMuciioBoro 3acrocyBannsa tuny KT 6000, KT 7000 3
MOCWJICHOIO 130JIALII€10 1 KOHCTPYKTUBHUMHU 3MiHaMu. OJHaK HaAIMHICTH 1
JIOBTOBIYHICTh TaKHMX arapaTiB BUSBUIIACS AYy>K€ HU3bKOI — TEPMIH 1X CITyKOu
He mepeBulyBaB 1...3 micsmi. s BCTaHOBJICHHS MPUYUH BUXOAY 3 Jaay
anapartiB Oy TpoOBeACHI JabOpaTOpHi 1 MPOMHUCIOBI JTOCHIIKEHHS, y X0/l
AKMX 3'ACyBajocs, IIO B pe3yJbTaTl 4YacTUX KOMYTalld MIAKIOYEHUX
CTpyMOTIpUHMAYiB 3a PaxyHOK BHUIUTIOBAHWX OKHCIIB a30Ty BiIOYyBa€ThCsS
IHTEHCUBHUI 3HOC KOHTAaKTHUX 3'€IHAaHb, 130JIAI1 1 BUXiJ 3 JIaay amapara B
miomy. byma po3poGieHa HOBa cepis chemialbHUX, TaK 3BAaHUX BYTUIBHHX
KOHTaKTOpiB, 110 MawTh no3HaueHHs KTV, y skux Bhepuie y CBITOBIH
MPaKTHUIl OyJIM CTBOPEHI TeépMETH30BaH1 JyroracHi KaMepH.

[lopiBHsUIBHI pe3yJibTaTH BUMNPOOYBAaHb ISl BU3HAUEHHS 3aJI€KHOCTI
KOHIIEHTpAllli OKHUCIIB B amaparax 3 pI3HUMHA KOHTakTopamu 3
repmetn3oBanuMu — KTV (kpuBa 2), nerepmeruzoBanumu — KT 6000 (kpuBa
1) 1 KT 7000 (xpuBi 3-4) myroracCHUMHU KamepaMmu pUBECH] Ha puc. 3.

[Ipu opHaKoOBHX TapamMeTpax HaBAaHTAXEHHS CIHeMialbHl BYTUIBHI
koHTakTopu KTV manu maibke B TpW pa3su HUKYE KOHUEHTPAIIO OKHUCIIB
azory, uyuM 3aranenpomuciioBi KT mnpu ogHakoBoMy HapoOiTky. PizHa

KOHIIEHTpaIlisl OKUCIIB a30Ty g koHTtakTopa KT 7000 (kpuBa 3 cTOCOBHO
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KpUBO1 4) BUKJIMKAaHA PI3HUM YHUCJIOM IUKIIB "BMUKaHHA-BiaKI0YeHHS" (B-
B) y ronuny (BignoBigno 600 1 300 B-B y roauny). IlpuBeneni Ha puc 3
3QJIEKHOCT1 IS PI3HUX PYJHUKOBHUX ITyCKadiB CBIYaTh MPO 3HAYHHUI BILIWB
Ha KOHLEHTpPAUII NPOAYKTIB JIYrOraclHHS MOTYXHOCTI HIAKIIOYEHOTO
HABaHTAXXECHHsI, YaCTOTH KOMYTAIlli 1 TUMy cuctemMu payroracinus. Ilpwu
BUKOPHUCTAHHI BAKYYMHHMX KOHTAKTOPIB CIIIJIU OKHUCIIB a30Ty B OOOJOHII

BIJICYTHI
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KinpkicTh HUKIIIB
"BMUKaHHS-BIOKII0ueHHSI" N- 10°

Pucynok 3 — Konyenmpayis oxucnie azomy y (pyukyii Kinekocmi
Hanpayvbosanux yuxiie B-B ons pyonukosux nyckauwis [1BH-320 (kpusa 1),
1IBU-250 (kpusa 2) i ona nyckaua [IBU-125 npu uacmomi 600 i 300 yuknie
B-B y 200uny (8ionosiono kpuei 3 i 4)

JlocmipKeHHsT TMOKa3alid, 10 BHWJAUTIOBaHA TPU KOMYTaIlli KIJIbKICTb
OKHCIIIB a30Ty, BU3HAUEHA IUISIXOM XIMIYHOTO aHai3y, 3HAYHO HIDKYE, HIK
MOXHa Oyjo O OuYiKyBaTH, MNPUINMAOYM JO0 yBard HaBAaHTaXXEHHS, IO
KOMYTY€TbCs. BUX1/1 OKHCIIIB 30Ty NPOMOPIINHUMN 1 €HEPrii, 1110 PO3CIFOETHCS
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B IIy31 KOKHOI 3 ¢a3. [Ipuuomy npu BKIIOUEHHI HABAHTAXEHHS BUIUISETHCS
MeHe 1% OKUCIB y TOPIBHSAHHI 3 KUIBKICTIO OKHCIIIB a30TY, BUIUTIOBAHUX
IIPU BIAKIIFOYEHHI, IO IIJIKOM 3p03yMisIo. ToMy mpH JOCHIKEHH] BUIJICHHS
OKHCIIIB a30Ty JIOCTaTHHO BpPAaXOBYBaTH €HEPril0o, IO PO3CIIOETHCS B
CJIEKTPUYHIN My31 TIJILKU IIPH BIAKIIOUCHHI HAaBaHTAKEHHS.

BuninoBaHa KUIbKICTh OKHMCIIB a30Ty HPOMNOpIiiiHAa poOOTI (eHeprii)
IyTH TIpU TIOCTIMHOMY KOE(]III€HTI IMOTYXXHOCTI JaHIOTa, a MpH 3MIHI
Koe(illieHTa TOTYXHOCTI 3MIHIOETHCA KOE(IUIEHT MPOMOPUIAHOCTI MIXK
eHepriero (poOOTO) E€NEKTPUYHOT AYTU 1 KUIBKICTIO BUJIUTIOBAHUX OKHUCIIIB
azoty. Ha puc. 4 mnpuBeneHi 3anekHOCTI POOOTH E€IEKTPUYHOT Iyrd 1
KUIBKOCTI BUJUIFOBAHUX OKHUCIIB BiJ KOoe(dlli€eHTa MOTY>XHOCTI. 3aJIeKHICTh
Koe(irieHTa MPOMOPLIMHOCTI MDK I[IMMHU BEJIMYMHAMH B KoedimieHTa

NOTY>KHOCTI €JIeKTPUYHOT0 HaBaHTAKEHHS HaBeJeHa Ha puc. 5.
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Pucynok 4 — Poooma (kpusa 1) i Kinbkicms oKuciie azomy,

wo suodinsiomscs, (kpusa 2) vy ¢hyuxyii koeghivieuma nomyasicnocmi

OTpuMaHi 3aJIeKHOCTI TTOKA3yIOTh, 110 JIJIsi PyJAHUKOBUX IyCKayiB MpHU

koedimieHTi moTtyxHocTti 0,35...0,60 (110 BiAMOBIIA€ MOYATKOBOMY TEPIOAY
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nycky AJl), koedirieHTH TPONOPLIHHOCTI MK KUIBKICTIO BUIJIEHUX OKHUCIIIB
a3oty i poGororo emexrpuunoi myru cknamae (7,5..8) 107 r/x. Li maui
oTpuMaHi mpu PpoOOTI pyaHukoBoro mnyckada I[IBU-250 y mnoBTOpHO-
KOPOTKOYAaCHOMY pexuMi Kateropii 3actocyBaHHs AC-4. 3HayeHHS
napaMeTpiB poOOTH JyTM 1 BUXOAY OKHCIIB a30Ty OTPpUMaHI SK CepejHi
apupmernyHi 3HaueHHs 100 HuKiIiB "BIAKIIOYEHHS" .

3anpornoHoBaHUN KOe(IIEHT MNPOHOPILIHHOCTI (puc. 5) Moxe OyTu
BUKOPUCTAHUM JUIsi BU3HAUCHHS 3MIHM KOHIIEHTpAllli OKHUCIIB a30Ty BiJl

KUIBKOCTI ~ HampalbOBAaHUX IUMKJIIB HA MOPSIMONIHIAHIA  AUISHIN — IT€T

XapaKTEPUCTUKHU.
z® 7
= 2 = —
SEE ¢ B —
S o
o O 5
o g I \
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= M 4
0 0,25 0,5 0,75 1,0

KoedimieaT moTyXHOCTI, COSQ

Pucynok 5 — Koegiyicum nponopuyitinocmi misic pobomoio (enepeicio)
i kinvxicmro suoinoeanux okuciie azsomy Ky = S/A (e/l]orc) vy pynkyii

Koe@iyieHma nomyH#cHOCMi HA8AHMANCEHHSL (eIeKMPUYHO20 TAHYI02A)

TakuM 4YMHOM, OCHOBHUM J[KEPEJIOM IMOSIBU arpECUBHUX KOMIIOHEHTIB Y
MOBITPSIHOMY CEpPEJIOBHUILI yCEpPEearH1 0O0JIOHKH € TPoLieC KOMYyTallii (TOpiHHS
IyTd B TIOBITPSHOMY CEpPEJOBHII), a KUIBKICTh OKCHIIB a30Ty, IO
YTBOPIOETHCA MPHU BIIKIIOYEHHI HaBAaHTa)XXEHHS IOTY>KHOCTI, HpONOpLiiHa

HABaHTAXXEHHIO, 3JICKUTH BiJ 11 KOE(DIIIEHTY MOTYXHOCTI 1 TUITY CUCTEMU
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JIyroraciHHs, sfika BHU3HAYa€ I1HTEHCUBHICTh JYTOTACIHHS, Ta 4Yac TOPIHHSA
CJIEKTPUYHOI JyTH.

ExcriepumeHTaIbH1  TOCHIDKEHHS PYJAHUKOBHUX BHOYX00€3MEYHUX
yCKadiB MOKa3ajiu, M0 MiKporarMocdepa ycepeanuHl BUOYXOHEIPOHUKHOL
00OJIOHKHY BIUTMBA€ HAa CTaH KOHTAKTHUX 3'€THAaHb KOHTPOJIbHUX JIAHITIOTIB 1
JaHIoT1B KepyBaHHs. [1i 1€r0 arpecuBHOTO CepeIOBUINA, 1[0 BUHUKAE MIPU
KOMYTaIlli HaBaHTAKEHHS KOHTAKTOPOM PYJIHHKOBOrO IycKada, Yy
BIIJIIJIEHHI KOHTAKTOpa CIOCTEPIraeThCsl 30UIBIIECHHS €IIEKTPUUYHOTO OMOpY
KOHTAaKTHHX 3'€JHaHb, a B JCAKUX BHIMAJKaX 1 MOBHA BTpaTa KOHTAaKTY.
OckiIbKH cXeMa KepyBaHHS ITyckada 3a0e3neuye KOHTPOJIb OMOpY JaHI[Iora
3a3€MJICHHS 1 JIAHILIOTIB KEpPyBaHHsS, TO 30UIbIIEHHS OMNOpPY KOHTAaKTHUX
3'¢lHAaHb BUKJIMKA€ TIOMUJIKOBI CHOpallbOBYBaHHS 3aXHUCTy YW HOTO
HECNpallbOBYBaHHS B  aBapidiHii  curyauii. JlocmigKeHHs  BIUIUBY
MikpoaTMochepr Ha MEepeXiAHUM OmMip KOHTAKTHHUX 3'€JHaHb, BUKOHAHUX 3
pi3HUX  MarepialiB,  JO3BOJIA€  MNPOTHO3YBaTH  JOBrOBIYHICTH 1
0€3B1AMOBHICTh POOOTH CXEMHU KEPYBaHHS 1 ITycKaya B L1JI0MY.

Jlns mocnipkeHb oOpaHi eeKTPUYHI IITENCeIbHI KOHTAKTHI 3'€ THAHHS
OJIOKIB KEpyBaHHS 1 3aXUCTIB, [0 OYyJIM pO3TallIOBaHl Y BUOYXOHETPOHUKHIN
obomoHmi pyaHukoBoro mnyckada [IBU-125. ArpecuBHE cepeaoBUIIE
ycepeauHl OO0OJIOHKM CTBOpIOBajoCs KomyTtauiero crpymy 350 A mnpu
Harpy3i 660 B u xoedimienti moTykHocTi HaBaHTaxxkeHHs 0,35 3 4acTOTOIO
180 nukIIiB BMUKAHHS-BIJKJIIOYEHHS B TOJIUHY, 110 BiJMOBIaI0 MOBTOPHO-
KOPOTKOYAaCHOMY pexuMy Kateropii 3acrtocyBanHs AC-4. Kpurepiem
BIJIMOBJICHHSI TPYNH KOHTAKTHUX 3'€IHAHb 13 TPHOX MOCIIAOBHO 3'€THAHHUX
KOHTaKTiB OyJi0 30UIbIIIEHHS TIepexiAHOTO onopy moHaa 10 Owm.

BizyanpHUT OrJsi/] 1 OIIHKA 3arajJbHOTO CTaHy KOHTAKTHUX MOBEPXOHD
micas BUNPOOYBaHb TOKAa3alld, IIO IMOBEPXHS KOHTAKTIB HEOJHOPITHA SK ITO
KOJIbOPY, TaK 1 O XapaKkTepy 1 BUIY CKym4eHb MPOYKTIB KOpO3ii, puc. 6. Yci

MOKPUTTS BTPATUIU MeTajleBUU OJUCK, MOTbMsHUM. [Ipu m'situkpaTtHOMYy 1
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JNECATUKPATHOMY 30UIbIIEHHI BUSBIIEHO, 10 Ha BCIX 3pa3Kax, 3a BUHATKOM
KOHTAKTIB 31 CPIOHMM MOKPUTTSM, y MICIII KOHTAKTy IIIYOK THI3Ja 3 HOXEM

IMOKPHUTTA YaCTKOBO 3HATC 10 J'IaTYHi.

Pucynok 6 — Xapaxmepruii 6u0 konmaxmis nicis unpody8aus.:

a) npu n’amuKpamuomy 30i1buenHi; 6) npu MpuUOYsMUKPaAmHomy 30i1buleHH]

Ha Bcix KOHTakTaxX, y MOKPHUTTI SKHUX MICTHUTHCS OJIOBO, YTBOPHBCS

KpUCTAIIYHUN HaMIT Outoro konbopy. Tomy mo SnO, 1 SnO — OpOayKTH
KOpo3li oyioBa, mpuyomMy SnO Ha TMOBITPI OKHUCIIOEThCA 10 SnO,; Ha
KOHTaKTaX BUJHO KPUCTAJIM JBOOKHKCY 0JioBa (O110r0 K0JIbOpy) SnO, [19].

Ha xonTakTax 6€3 MOKpUTTA, a00 3 TOHKUM TaJbBAHIYHUM MOKPUTTIM
YTBOPIOETHCA 1 CONIBOBUN HAIIIT 01pI030BOr0 200 TEMHO-OJAKUTHOTO KOJIbOPY

y BUTJISAAl BEJIUMKUX KPHUCTAJIB B3a€EMOJIi Map, 10 € MPOIYKTOM peakili
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a30THOI KHMCIJIOTH 3 MIJIO, 1[0 MICTUThCS B JatyHl: Cu( NO; ), (Oumi, nense
3eNeHyBari kpucrainu) 1 Cu( NO; ), - 3H,O (TeMHO-OnakuTHI Kpucrtanu) Ha

HIKEJIbOBAaHMX KOHTAKTaX MOXYTh YTBOPIOBATUCS MPOAYKTH KOpo3ii NiO 1

Ni( NO; ), (KpUCTaJllYH1 p€YOBUHU 3€JI€HYBATOIO KOJIBOPY).

AHani3 pe3yJsbTaTiB JOCHKEHb JI03BOJISIE BKA3aTd, IO HPOTAroM 7,5
MICSAIIIB BIUIMBY KOpO3li, SIKa MICTUTh OKHCIIM a30Ty, Ha MOBEPXHI KOHTAKTIB
HITENICENbHUX PO3’€MIB 3 JIaTyHI 0€3 MOKPUTTS 1 3 OJHO- 1 JBOILIAPOBUMU
MOKPUTTSIMU 3 HIKE0, abo osoBa 31 CIUIaBy Bi—Sn YTBOPWINHCS HE
€JIEKTPOIIPOBIIHI IUIIBKA MPOIYKTIB KOPO3ii y BUAI OKHCIIB 1 a30THOKHCIIHUX
cojieil MeTaniB TOKpUTh 1 migkinaakud (naryni). IlocpibiieHi K KOHTaKTH
KOPOAYBaJIH MOPIBHSIHO MaJIo.

[IpoBenenuit XIMIYHUNM aHali3 MPOAYKTIB KOpo3ii B  OOOJIOHIII
PYJIHHKOBOTO ITyCKaya MICJs BIJIMOBIICHHS BCIX MOT0 KOHTaKTHUX 3'€THAHb
MOKa3aB, 1110 OCHOBHI CKJIaJIOB1 MIPOAYKTIB KOPO3li € OKUCIH 3aii3a (66,2%),
Bojora  12,3%,  OpoOIyKTH  OPraHiuyHOrO  MOXO/KEHHS  (KOpPO3is
nakopapooBoro mokpurts) 21,5%, waroTbes chaigm Migl W oJoBa.
[HTEeHCHMBHMI Tpoliec KOpO3li B MOYATKOBUU MEpio] EKCIEPUMEHTY
TIOSICHIOEThCS PYWHYBAHHSM METally 1 3aXHMCHOTO TOKPHUTTS MiJ JI€I0 OKHWCIIB
a30Ty 1 iXHIX 3'€/IHaHb 3 BOJIOTOO MOBITPSL.

YTBOpEeHI OKHCHI IUTIBKM MalOTh BHCOKY CTIMKICTH 10 TIpOOOIO TMpH
niBUIIEHIA Harpy3i. Hampyra nmpo6oro 11X OKMCHUX IUTIBOK (3HMXKEHHS ONOPY
Hwk4de 1 Om) ckinamae 20..35 B ais koHTakTiB, okputux HikeneMm (JI) 1 6e3
nokputts, 1 40..80 B — mmsa iammx mokputh. OKMCHA TUTIBKA HA TTOBEPXHI
KOHTAKTIB 3 MOKPUTTAM Hikenb (JI), onmoBo-Hikens (I') He mo3BosMIa 3HU3UTH
OITIp KOHTAKTHOTO 3'¢HaHHS HIK4Ie 10 Om.

BuxopucroByroun pe3ynbTaTd AOCTIKEHb Ui OMHUCY 3alIeKHOCTI
MEPEX1THOTO OTOPY BiJ KUIBKOCTI HaNpallbOBaHWX ITUKIIIB OyJjia MpUAHSITA
gorapudpmiuHa  pysHkmigs. s anpokcumarili  OTpUMaHUX — JIaHUX
BUKOPUCTOBYETHCA TaKa 3aJI€KHICTh:
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Y=a+b,-exp(b;X ),

ne Y — mepexigHui omip KOHTakTiB, M‘OM; X — KUIBKICTh BiJIpallbOBaHUX
uukiiB B-B; a, by, by — koedimientu perpecii.

PynnukoBi BuOyxoOe3me4yHi Iyckadli B CHIIy CHEIU(PIYHUX YMOB
eKCIUTyaTalli 1 KOHCTPYKIIl ICTOTHO BIAPI3HSIOTHCS BIJ EICKTPUUHUX
amapariB 3arajlbHOIPOMUCIIOBOTO0 BUKOHAHHs. BuOyxoHenpoHukHa 000JI0HKa
PYJAHUKOBOTO  IycKadya  YTPYJHIOE  TEIJIOOOMIH 3  HABKOJIMIIHIM
CEpENIOBUILIEM, a TAKOK BUKJIMKAE TOJATKOBI BTPATH MPHU MPOTIKAHHI CTPYMY
M0 CUJIOBUX CTPYMOBEIAYYMX IIMWIbKAX, II0 MPOXOASITh Uepe3 CTalieBi
MEePEropoJ KM Mi>k BUOYXOHEIIPOHUKHUMHU BIJIJIVICHHSIMU OJIHIET OOOJIOHKH ¢
1HIII KOHCTPYKTHMBHI €JIEMEHTHU, BUKOHAaHI 3 (EepOMarHiTHUX MaTepiaiB.
JlociiKeHHs1 HarpiBaHHs pyAHUKOBHX ITyckauiB [20] mokasaiu, 1o neperpis
CTaJICBOI MEPETOPOJKH MK BIIIIJICHHIMUA KOHTAKTOPA 1 po3'€IHYBaya B MiCITl
po3TallyBaHHsl MPOXIAHUX MIMWIBOK Aocsrae 95°C mpu cTpymi TPUBAIOTO
pexumy 400 A. Ile na 30% mnepeBuirye TeMrneparypy MOBITpsS B 0O0OJIOHIII
PYIHHUKOBOTO ITyCKaya B 30HI pO3TallyBaHHS MPOX1IHUX IIIMHIHOK.

BukopucTtoByloun  €KCIEpUMEHTalbHI J1aHl MO0  HarpiBaHHIO
PYIHUKOBUX IYCKadiB MPUHAMAEMO HACTYIHI AOMYIICHHS: TEMIEPaTypy
HaBKOJIMIITHBOTO MOBITPS ycepeanuHi BUOyxo0e3neuHoi 000JOHKHU MycKaya
npuiiMaemo piBHoto 353 K (80°C), TtemnepaTypy HaBKOJHUIIHbOTO
cepenosuiia 303 K (30°C), ctrynidb 4OpHOCTI BUMIPOMIHIOBAHHS JIJISI CTaJ
1 yaByHa ¢ = 0,80. 3a BU3HAYaNbHUN PO3MIpP IS MIANO 1 IHITUX MOAIOHUX
CIEMCHTIB NpPUHMAEMO IXHIO TOBIIMHY, JUIS TEPErOPOJOK  MiXK
BUOYXOHEMPOHUKHUMH  BIAAUJICHHSIMU 4Yepe3 iXHI 3Ha4yHl PO3MipHu
BU3HAYAJIbHUN pO3MIp HE BXOAUTh y GOpMyJy [Jjs BU3HAYCHHS
CyMapHOro koedillieHTa TerJI0BiIBOAY, IO BHU3HAYAETHCS MO HACTYMHIN

3QJIE)KHOCTI:
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0,33
g =1224-AT +204-¢-T,° 107|208 L —1
001-T,, —1 T,

_ T+T,
brpan’y T, ="""2-

ne A — Koe(iieHT TeImJoNnpoBiAHOCTI, BT M . 5
cepenHs remueparypa, K.
[lepeBuiieHHs TeMIIEpaTypu OKPEMHUX €IEMEHTIB PYJHUKOBOTO

IIyCKada MOJHa IMPpCACTAaBUTHU B 3araJloHOMY BI/II[i TaKUM BHPaA30M:

_h'lz M f
k-dF\ ny ~

AT

1€ [-— Mar"iTHa NPOHMKHICTh U1 KOHCTPYKUIMHOI cram; f =50 —
yacToTa Mepexi, .

JInsi KOHKPETHOTO eJIeMEHTa KOHCTPYKII ycl BEIWYMHU KpiM
CTPYMY 1 MarHiTHOi MPOHUKHOCTI, MOKHA 3aMIHUTH JE€AKOI MOCTINHOIO 1
MPEICTAaBUTU 3aJI€KHICTh TEMIIEpaTypHu MEeperpiBy y BHAI O1bII MPOCTOI

3aJIE)KHOCTI:

ATZ\/aO_a] LAYE
A 9

z-y-k?-d?-F?
f-h?

ne A=

AHamiz  mokasye, 10  PO3OKHICTL  PO3PAXyHKOBHUX  Ta

CKCIICPUMEHTAJbHUX JAaHUX CTAaHOBUTH HE OunbIie 12%, maéoan. 1.
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1.1.2. Ymeopennsa oxcuoie azomy y nHepienosaxcHiil naami

[IBUAKICTh KOJUBAJIBHOTO 30yKEHHS MOJIEKYJ a30Ty € JIOCTaTHbO
BUCOKOIO 1 TOMY OCHOBHa JOJS PO3PAIHOTO EHEPreTUYHOrO0 BHECKY
JIOKANI3yEThCS BJIACHE HAa KOJMBAJIBHHUX CTYNEHSIX CBOOOAM, IO 3a0e3nedye
BHUCOKY €HEpreTuuHy epeKTHBHICTH mpoiiecy. s takux moiekyn sk CO,,
N,, H,O npu Temneparypi enekTpoHiB g0 3 eB ocHOBHa joJis
30CEpPE/KYEThCS Ha 30Yy/PKEHHI KOJIMBAJbHUX CTYNEHIB CBOOOJM OCHOBHHX
CJICKTPOHHMX CTaHIB. BcTaHOBIEHO, 110 KOJMBAJIbHA EHEPris HaAWOLIBII
e(eKTUBHA y MOJI0JIaHH] aKTUBAI[IHHUX Oap'epiB €HIOEPTIUYHUX PEAKIIIN.

OKHCIICHHSI OBITPSIHOTO (MOJIEKYJISIPHOTO) a30Ty Yy IUIa3Mi € OJJHUM 13
HaWBIJOMIIIKUX TUIA3MOXIMIYHUX TIPOIECIB TOMY, IO MOJIEKYJIH a30Ty
IHTEHCUBHO 30Y/KYIOTBCS KOJUBAJIBHO IIiJ Yac EJIEeKTPOHHOTO yaapy 1
XapaKTEePU3YIOThCS JTy’K€ HU3bKOIO MIBUAKICTIO KOJMBAIbHOI penakcarii [15;
16]. YTBOpeHHs B M1a3Mi OKCHUJIIB a30TY € TUIOBA €HJ0EPrivHa JIAHII0)KKOBA
peaxiisi, M0 CTUMYJIIOETHCA KOJUBAJIBHUM 30y/KEHHSIM OCHOBHOTO
€JIEKTPOHHOI'O CTaHYy MOJIEKYJI B IJIa3Mi.

Taoauna 1

Ilapamempu anpoxcumayii ma nepezpigy e1emenmis KOHCMpPYKYii

pyonukoegoeo nyckaua I[1BI-320

Koedimientu UHeperplB }
Haiimeny- anpoKcHMaIi PO3paxyHKOBHIA / €KCIIEPUMEHTAIbHHH,
BALHS °C, mpu CTpyMax HaBaHTAKEHHS y A
Ay,
CIIEMCHTA AT / ao, aj, 100 200 300 400 IToxnOka,
o Tm/m | TH/ (M-A) max %
(m-rpag’)
Heggfg;g;{a 1126 | 11-10% | 2105 | 8,7/9 | 31,5/35 | 59,9/60 | 86,2/90 | 11,1
HeHE;IBgf’Ha 209 | 8.67-10 | 1,67-10° |15,3/16] 53,4/48 | 99,590 |130,5/135| 11,2
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YT1Bopenuss NO y 1uiazMi BHU3HAYa€ThCs HAOOPOM  €JIEMEHTaApHUX
IPOLIECIB, CEepell SKUX JIIMITOBAaHUMHU € Takl, A€ MpOXoJe pPYWHYBaHHS
MmirHOTO 3B'sI3Ky (~10 eB) momexkynu N,. MexaHi3m pyilHyBaHHS 3B'S3KY
JTOCHIIKYBaBCsl y JIaHii poOOTI 3 BUKOPUCTAHHSIM KBAaHTOBO-MEXaHIYHOI
3a/la4l Opo IUIMB €JEKTPOHA Ha JBa KYJOHIBChbKI IeHTpu. KoedimieHT
KOPHUCHOI [1i, 110 OyB ofepkaHuil B excriepuMenTax rno cuatezy NO ckiianae
4...20 %, a eneproButrpatu — (4...25) eB/mMonb. Eneprernuno HailOUIbII
edexTuBH1 peakiii aucorianii moisekyn azory (sk 1 CO,) 3B's3aHl 3
KOJIMBAJIbHUM 30Y/KEHHSM a30Ty, 1€ KOHIEHTPYEThCS OCHOBHA YacTKa
€HEPreTUYHOTO BKJIAAy B po3psy [15].

Ax Bigomo [16], enemMeHtapHa peakiis cuHTesy NO 3a ydacTio
KOJIMBAIbHO-30yPKEHUX  MOJIEKYJ a30Ty JIMITYETbCS  €JIeMEHTapHUM
poLIeCOM

OCP) + No*('Z,",v) — NO(*n) + N(*S), E,~3eB,

10 BU3Ha4Ya€e 0COOOBY 3aIliKaBJIEHICTh 10 Woro anamizy. [IpuBenena peaxiris
MOX€ 3IINCHIOBATHCS SIK MPSIMUM ajla0aTUYHUM TakK 1 HeaaiabaTUYHUM
nusixoM [15]. IMOBIpHICTE a/11a0aTUYHOTO NUIAXY OACPXKYIOTH 13 MPUHIIUITY
neTanbHOi piBHOBaru. HeamiabaTwyHui NUISIX CHHTE3Y 3A1HCHIOETHCS 4epes

YTBOPEHHS IPOMI’KHOT'O KOJIUBAJIbHO-30Y[’KEHOTO KOMILJIEKCY NOZ*(IEg+):
OCP) + No*('Z,",v) > NO*('Z,") — NO(*m) + N(*S) (1)

PexoMOinariiss (mepmia cTafis TPOIECY) XapaKTEPU3YEThCS JIMIIE
IMOBIPHICTIO.

KpaiiHe 3HaueHHs eHepreTnyHoi edekTuBHOCTI yTBOpeHHS NO vy
HEPIBHOBAXKHUX po3psiAax He mepeBunrye 35%. Y 3BuuaiiHuX yMOBax poOOTH
amapartiB, 110 BIJPI3HSIIOTHCSA BIJ €KCIIEPUMEHTAILHUX YMOB, €(hEKTHBHICTbH

cuHTe3y HaOmkyeThes 10 10%.
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Hpyra cragis — pyHHYBaHHS HPOMIXKHOTO KOMILUICKCY NOZ*(lZg+) —
OMHCYETHCS 3aKOHOMIPHOCTSIMUA CTaTUCTUYHOT Teopli. Y pamKax KJIACUYHOTO
HaOmxeHHss Mapkyca—Paiica 3 ypaxyBaHHSIM TONPABOK Ha aHTApMOHI3M,
IMOBIPHICTh PYWHYBaHHS 3B'A3Ky OyJe 3ajexard BiJ KOJUBAJIBHOI,
MOCTynajabHOI 1 obepTanbHOi eHeprii. Po3paxynku [15] mokasyroTh, 1mo Ha
IIBUJKICTh PEaKLli BIUIMBAE MEPEBAKHO KOJUBAJIbHA EHEPTisl.

TakuMm 4ynHOM, B YMOBaxX HEPIBHOBAHOCTI IJIa3MHU MPU TEMIIEpaTypax 10
1000 K moke mnepeBaxHO 3aiMCHIOBaTHCS MexaHi3M (1) emeMeHTapHOro
MPOLIECY CUHTE3Y, SIKUM MIPUHITUIIOBO BIJIPI3HIETHCA BiJl TAKOTO B PIBHOBAKHHUX
ymoBax [15; 16]. Ane, K110 y TEpMOIUHAMIYHO PIBHOBAaXKHINM cHUCTeMI OYIyTh
3HAXOAUTHUCS €NIEKTPUUHI 3apsiau, TO 1 B OCTAHHHOMY BUIAJKY 0€3 30BHIIIHBOI
CHepreTUYHO1 il eJeMEeHTapHUW mporec cuHtesy Oyae wrtu uuiaxom (1).
ToOTo, IHIIMMH CJIOBaMHM, MOJEKYIM a30Ty (1 HaBITh OKCHIY BYTJICLIO)
MOKYTh JMICOIIIIOBATH, SIKIIIO HAa XIMIYHUH 3B'SI30K Oy/1€ 3/11HCHIOBATHUCS BILIWB
30BHIIIHBOTO MOJISI TOYKOBOTO 3apsiy (10HY) — KYJOHIBCHKOTO IIEHTPY.

[HIIMM MOXJIMBUM JKEPENIOM €HEPreTUYHOTO BIUIMBY Ha 1HIIIFOBaHHS
XIMIYHUX pEaKIliii Moxe OyTH MICISCBIYEHHS (30HA perakcallli mapamerpiB
IJ1a3MHM), 1110 BUHUKAE OE3MOCEPEIHBO 3a CJICKTPUYHUM PO3PSIOM Yy TOBITPI.
CriekTpadbHUMHU JOCHIKEHHSAMU TMOKa3aHo [21], mo BIUIMBH poO3psdy
CYIIPOBOJIKYIOTBHCSI HE TUIBKHU €pO31€I0 €JIEKTPO/IIB, HArPIBAaHHSIM Ta 10HI3aI[IE0
MOJICKYJSIDHOTO Ta3y, aje W 30aradeHHsAIM CKJIagy Ta3y XIMIYHAMH
KOMITOHEHTaMH 3 BHCOKOKO EHTAJIbIIIE€I0 YTBOPEHHS 1 30Yy/PKEHUM CTaHOM
aToMiB 1 moJiekyd. [lapamerpu micisicBideHHs po3psay: dac ~ 0,1 Mc, razosa
temneparypa ~ 2000...3000 K.

Pesynbratu gocmipkeHb [22; 23] MOKa3ywTh, IO XapaKTEPHUM dac
CHajJlaHHs 10HI3allll y TMOYaTKOBIM CTajli MICIASCBIYEHHS KOPEIIOE 3 4acoM
po3maay MeTacTaOlIbHUX CTaHiB. Y po0OoTi [22] BCTaHOBJIEHI MHapameTpu
3aJIEKHOCTI IIBUJIKOCTI 10HI3aIl]l y MICISICBIYEHH] PO3psiay. ABTOpU poOOTH

pOOJIATH BUCHOBOK IMPO TE, IO CTAJI€I0 MPOIECy 10HI3aIll B CaMOCTIHHOMY
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pO3psii B a30TI B YMOBaX CHUJILHOT KOJIMBAJIBHOI HEPIBHOBAHHOCTI € 31TKHEHHS
MOJIEKYJIH Y BUCOKO30YI>KEHOMY CTaHI 3 €JIEKTPOHHO-30YIKEHOI0 MOJIEKYJIOIO
B HUKUEJIEKAUOMY TPUIUIETHOMY CTaHI .

HNonaBanus NO, B 30Hy micIsICBIUeHHS [24] CynpOBOIKYETHCS
JIOMIHECIEHITIEI0 Y 3€JIeHO-OJJaKMTHIA YacTHHI CHIEKTPYy, sSKa TOB’si3aHa 3
OKCHUJIOM MiJl (Marepial eJeKTpoay), 1 TOSICHIOETbCS SIK  Pe3yJIbTar
XEM1UTIOMIHECIIEHTHOT peakilii MDK aToMaMH Mifl 1 MOJIEKYJaMU JIBOOKHCY
a30Ty. JlomaBaHHS B 30HY IICSCBIUYEHHS KHUCHIO TPHBOJIWUIIO JO CYTTEBOTO
30UIBIIEHHS €MICIMHOTrO BUIIPOMIHIOBAHHSI aTOMIB Miji, ToOsicHeHe [25]
MIPUCKOPEHHSM TIepeaayl eHeprii BiJ 30y IPKEHUX MOJIEKYJI a30Ty aToMaM Miji.

TpuBaiiie MiCISICBIYEHHS BUHHUKAE B OOMEKEHOMY MIKEJIEKTPOJAHUM
MIPOMIKKOM 00'€éM1 MOJIEKYJISIPHOTO Ta3y, y TOMY YHCIII MOBITPS, a30Ty, KUCHIO
abo0 3akucy a3oTy, B pe3yJbTaTi KOPOTKOYACHOI [iii IMOTY>KHOIO
BHCOKOYACTOTHOTO  pO3psiAy, [UIsi SIKOTO  XapaKTepHE HEPIBHOBaXKHE
€HEProBKJIaJIaHHs [26].

AHani3yloun BHILE€3a3HAYEHI POOOTH, JIOTIYHO MPHUIIYCTUTH, IO
HEraTUBHUN BIUIMB JOYTOTacWJIBHUX TMPOIECIB Yy AaBTOHOMHINM armocdepi
BUOYXO03aXUIIEHNX OOOJIOHOK MOXKE TMOCHIIOBATHCS, a00 3MEHIITYBaTUCS B
3aJIe)KHOCT1 BiJl CTYNEHIO BIAXWJICHHS TUX YU IHITUX KOMIIOHEHTIB Tra3y BiJ
CKJaay 3BMYaiiHOI MOBITPAHOI aTMocdepu abO HASBHOCTI JOMIIIOK, IO
MOXKYTh OyTH MOTEHLIMHUMHM KaTadizaTopaMu XIMIYHUX peakiiil. Lle, Tak Ou
MOBUTH, € JOJATKOBI (DaKTOpH, BIUIMB SKUX MOXKE OYTH MOTEHIIMHO
HETaTUBHUM, 3 TOYKH 30pY YTBOPCHHS HOBUX TOKCHYHHMX 1 arpecHUBHUX
3'€IHaHb.

TakuMm 4rHOM, BUpIIIEHHS MPOOJieMH HAIIHHOCTI poOOTH MIAXTHUX Ta
PYIHHKOBUX  amapaTiB  3aXWCTy Ta  YNOPaBIIHHSI  TEXHOJOTIYHUMHU
KOMILJIEKCAaMH CJIiJ] BUPINIYBAaTH 3 YpaxyBaHHSM pPE3yJNbTaTiB JOCTIIHKCHHS

($13UKO-XIMIYHUX €(EKTIB.
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2. DI3BUKO-MATEMATHUYHA MOJEJIb PO3PAXYHKY
EJEKTPOHHUX TEPMIB MAJIUX MOJIEKYJI

B ocHOBy pilleHHs 3aaadi B3a€MOJIli KOMIIOHEHTIB MOJEKYISIPHUX
CUCTEM 3 TOYKOBHUMHM EJIEKTPUYHUMH 3apsiiaMH TOKJIaJeHa KBaHTOBO-
MeXaHIuYHa MO/JIe]b BU3HAYCHHS CTAHy €JIEKTPOHA B MOJ1 JBOX KYJIOHIBCHKUX
neHtpiB [27-29]. BukopucroByeTrhcsi aniabatuune HaOmmkeHHs bopHa—
OnnenreiiMepa (pyx €JNEKTPOHIB PO3IIIAIAETbCS OKPEMO BiJ pPyXy sep,
BIJICTaHI MK SIKHMU BBaXKalOThCs (PIKCOBAaHUMMU ).

JI)1s BUpiIeHHsT ABOIICHTPOBOI 3a1a4l 3 piBHsHHS Llpeninrepa BumiiacHO
MOJIETIbHE PIBHSHHS, PIIICHHS SIKOTO OAEPKAHO B aHaMITUYHOMY BHl. OOk
IpaHUYHUX YMOB JO3BOJIUB 3HAWTH KBAaHTOBI 4YKCJa, IO BHU3HAYAIOTh CTaH
BaJICHTHOT'O €JIEKTPOHA B IOJII JBOX KYJIOHIBCHKUX LIEHTPIB. OfepxaHe pillleHHs
€ HaOJIMKEHUM, OCKUIBKH BOHO TPEJICTABIISIE PIIICHHS YKOPOYEHOTO PIBHSHHS
[peninrepa 1 TOMy MOX€E BBa)KaTHCSI HYJIbOBUM HAOIMKEHHSM JO TOYHOI'O
PIIICHHS.

Hactymuum norivHuM KpOKOM OyB OOJIK HEBXKMBAHUX y MOJIEIBHOMY
piBHSIHHI uieHiB TouHOro piBHsiHHA Lllpeninrepa sk 30ypeHHS OO HYJHOBOTO
HaOmmKeHHs. BuOpanuii miaxia peami3oBaHUi 3a JOMOMOTOI0 3HAWIEHOI HAMH
¢ynkii ['pina [28], 1o € pillieHHsIM MOJIEIBHOTO PIBHSIHHS 3 JI€IbTANOA10HUMU
okepenaMu. 3HaHHS (QyHKIID ['piHA 703BOSMIO BHU3HAYWTHA B AHATITUYHOMY
BUTJISA XBUJILOBY (DYHKI[IFO OCHOBHOTO CTaHy B IepiiomMy HaommxkenHi. [lomryk
HACTYMHUX HAOMMKEHb B AHATITUYHOMY BUIJIAII HEAOIUIBHUM 3 IBOX MPUYUH:
pIIICHHA y’Xe€ TPOMI3AKI 1 HE [alTh ICTOTHOI MOMPAaBKH JIO TIEPIIOro
HaAOJMKESHHSI.

KynoniBcbku#l MOTEHIIIAN, [0 BIUIMBAE HA XIMIYHHUH 3B'S30K MOJICKYJIH,
po3risgaeTbes K 30ypeHHs 10 MojenbHoro piBHsAHHA Llpeninrepa. Tomy

Oyna 3actocoBaHa ¢GyHKIA ['piHa 171 3HAXOJKEHHS] aHATITUYHOTO PIIIEHHS,
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o OyJIO OJIepKaHO B EJIIMCOIAHIA CHUCTEMI KOOPJWHAT, B SIKIM 30BHINIHIN
MOTEHITia] MPEICTABIISABCS y BUTIIAI po3kiaananHs Helimana.

Jlns BU3HAYCHHS TMapaMeTpiB MOPCIBCHKOTO MOTEHIATY 1 BUPIIICHHS
KOJIMBAJbHOI KBAaHTOBO-MEXaHIYHOI 3aJlayl BIEpUIE PO3POOJICHO MIAXiA,
3aCHOBAaHMI Ha anpoKCUMallli eIeKTPOHHOTO TepMY MoTeHIiantoM Mopca.

BukopuctoByBaHHS pillieHh KBAaHTOBOI MEXaHIKW IS 3HAXOJKEHHS
MakpomnapameTpiB JOCHIPKYBaHUX CUCTEM 3aCHOBAHO HA BXKHWBAaHHI METOJIB
CTaTUCTUYHOI (i3uKK, a came, — posnoauty ['100ca. B mpomy Bumaaxky
CHEpris MOJEKYJISIPHOI CHUCTEMH TIPEACTABISIETBCS Yy BHUIISAAI CyMH
€JICKTPOHHOT0, KOJIMBAJIILHOTO, OOEPTAJbHOIO 1 TMOCTYMAaJbHOTO pPyXiB. I3
CTAaTUCTUYHOI CyMHU 3HAXOIATHCS PO3IMOAUIH E€JICKTPOHIB MO SHEPTeTUYHUX
CTaHax 3aJieXHO BiJ TeMIEpaTypd CHUCTEeMH. [HIIMMH  CJOBamu,
CTAaTUCTUYHUU TIMaX1J BCTAHOBJIIOE B3a€EMO3B'SI30K KBAHTOBO-MEXaHIYHUX
pIIIEHBb 3 MAKPOCKOTIIYHUMU TTapaMeTpaMu CUCTEMHU.

B 3aranpHoMy Bumagky B cranioHapHomy piBHsSHHI [Ipexainrepa
MOBHUW HEPEIATUBICTCHKHM TaMUIBTOHIAH MOJICKYJIM MOYKHA MPEJICTABUTH Y

BUTJISIII CYMH TPHOX OIEPaTOPIB:
H=T"R) + T%(r) + U(,R), (1)

me TVYR) i T(r) — kimermuna ewepris siep i emektponis, U(r,R) —
MOTEHIIAHA €HEepTisl MOJIEKYJIH, 10 BKJIIOYAE€ €HEPril0 TKIHHS EJICKTPOHIB
10 SIEP, EHEPrit0 MIXKEIIEKTPOHHOTO Ta MiK SIICPHOIO BiAIITOBXYBaHHS, R i1
— SIZIEPHI 1 €JIEKTPOHHI KOOPAMHATH.

Ctporo kaxydu, pyxu €JEKTPOHIB 1 siIep y MOJIEKYJ 3B'A3aHl MIX
co6oro. IIpore, BpaxoByrounm ToH (axt, mo Mmacu simep B 10°—10° pasis
OUTbIIIE MacHW EJIEKTPOHIB 1, OTXKEe, MBHUIKOCTI PyXy saep y Oarato pasiB
MEHIIIE IBUIKOCTEH €JIEKTPOHIB, OJAJBIIN PO3PAXYHKH MPOBOJAUTUMYTHCS B
anladaTUYHOMY HAOMMKEHHI [UIIXOM  PO3AUIEHHA UHMX BHYTPIIIHBO

MOJIEKYJISIPHUX PYyXiB, TOOTO, MPUITYCKAIOYM iX He3aJIeKHUM XapakTep. Toml
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MIJCUCTEMU EJIEKTPOHIB 1 SJEp XapaKTepu3yBaTUMYThCS KOXKHA CBOIM
piBHsiHHAM Llpeninrepa i CBO€H0 XBUIBOBOIO (DYHKIIIETO.

HeoOximHo Bim3HAuuTH, 110 TO4YHE pimieHHs piBHAHHSA [lpeniarepa
BJIAETHCS OJICPIKATU TIJIBKU JUISI CHCTEMH, IO CKJIAAETHCS 3 IBOX YACTUHOK —
POTOHA Ta €JIEKTPOHA (aTOM BOAHIO). [IJ1s1 po3paxyHKy MOJIEKYJISIPHUX TEPMIB
B JIaHUI Yac po3poOIsieHo OaraTto miAXoAiB, HAUMONYJISIPHIIIMM 3 HUX € METOJI
JiHIMHOT KOoMOiHamii aromuux opoOitanenr (JIKAO) [30-33]. Pozpaxynku
Mosekyn H,, H2+, 0,, N, 1 T. 1., yKa3ylTh Ha 3aJ0BLIbHY MOMIOHICTH 3
pe3yJpTaTaMy eKcriepuMeHTiB. [IpoTe BUKOpUCTOBYBAaHHS JaHOTO METONY, SIK 1
IHIIMX, BUMAarae MpoOBEACHHS BEJIMKHUX UYMCEIbHUX PO3PAaXYHKIB, aHAJI3 SIKUX
YTPYAHEHUI y 3B'SI3KY 3 BIJCYTHICTIO aHAJIITHYHUX pilieHb. Tomy B naHii
po0OTI pO3pOOIIIETHCSI MOJENh PO3PAXYHKY MOJICKYJIIPHUX TEPMIB, 3aCHOBaHa
Ha BUKOPUCTOBYBAaHHI pIllIEHb 3a/layl MpO CTaH €JIEKTPOHA B TOJI JBOX
KYJIOHIBCHKUX IIEHTpIB. 3a 0a3uc MNpUHMAIOTHCS JIBOLIEHTPOBI XBUIIBOBI
GyHKIIT B ENINCOITHUX KOOpAMHATAaX, BCl (PYHKIIOHAIA OOYMCIIOIOTHCS
aHAJIITUYHO, a TTOOYAOBaHI 3aMKHYTI BUpa3u ais GyHKid ['piHa 103BONISIIOTH
BUPIIIYBATH KBAHTOBO-MEXaHIUHY 3a7a4y 31 30ypEeHHSIMH.

Bigomuii meron JIKAO He mae MOXIMBOCTI TPOBOJMWTH IOI0HI
pPO3paxyHKH TOMY, 1[0 B HHOMY XBHJIbOBa (YHKIlISI BU3HAYAETHCS BUPA30M
v; = 2.Ci0i(i) (C; — koedimieHTH, O PO3PAXOBYIOTHCS B KOXKHIA TOMII
npoctopy). TyT ke BUHUKAIOTh TPYIHOII 3 YpaXyBaHHSM €HEPTii eJIeKTPOH-
€JICKTPOHHOI B3aeMOJli. TakuM YMHOM, MPU PIIIEHHI 33/Ja4l MPO CTIUKICTh
pealbHOI CTPYKTYpH PEYOBMHU CJiJi PO3BUBATH PO3PAXYHKOBY MOJEIIb,
3amponoHOBaHy B [27-29; 36].

Heo0ximHO BiAmpaltoBaTi CXemMy s pO3paxyHKy eJIeKTPOHHUX TEPMiB
OyIb-sIKHX JBOIICHTPOBUX MOJIEKYJd. SIKIIO TPEACTaBUTH JBOATOMHY
MOJIEKYJTy SIK JBa MO3WUTUBHO 3apsHKeH1 KYJIOHIBCHKI IIEHTPU B OOOJIOHII 3
CJICKTPOHIB, SIKI KOXKHHM 3 aTOMIB BiJIJlaB Ha YTBOPEHHS XIMIYHOTO 3B'SI3KY, TO

HaIly CUCTEMY 3aps/iB MOKHA 300pa3UTH y BUIJISAII Jiedkoro "KokoHa' 3
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eMMNTUYHO0 cuMeTpiero. [Ipu 11boMy XBUIIbOBA (DYHKIIiSI BAJIEHTHOTO €JIEKTPOHA
OIKCY€ WOTO CTaH B MOJIl, CTBOPIOBAHOMY 3B'SI3aHUMU E€JIEKTPOHAMU 1 3apsIaMu
aTOMHHUX SIJIEP, IO CTBOPIOIOTH MOJICKYJISIPHUM OCTOB. BBOIUTHCS €eKTUBHMIA
NOTEHIIaN, MiJ SKUM MAaeTbCcsd Ha yBa3l SAEpHUN IOTEHIANl, €KpaHOBAaHUU
€JIEKTPOHHUM OCTOBOM 3B'SI3aHUX €JIEKTpoHIB. [Ipu po3paxyHkax eJIeKTpoH-
€JICKTPOHHOI ~ B3a€MOJIli  BUKOPUCTOBYETHCSI  CIIETTEPIBCbKA  KOHCTAHTa
eKpaHyBaHHS, sIKa BPaxOBYe TOW (PaKT, 10 3apsau 3B'A3aHUX EJIEKTPOHIB HE €
TOYKOBMMH, a "po3MaszaHi" B MPOCTOPI MoOIu3y sijipa. Y pasl BEIMKUX OCTOBIB
3B'SI3aHUX €JIEKTPOHIB BOHU MOJISPU3YBATUMYTHCA 38 PaXyHOK B3a€EMOJIII OJIUH 3
OJTHUM Ha MalluX MDK'SIEpHUX BiACTaHAX. L{1o mosnspusariito Takox HEOOX1THO

BpaxoBYBATH NPU NPOBEACHHI PO3PaXyHKIB.

2.1. AHajiiTH4He pilIecHHS MO/JIeJIbHOI 32124l

Posrnsimaerbcsi cucremMa TpbOX YAaCTUHOK 13 3apsuamu Z,, Z,, 73 1
Macamu M;, M,, M3, B3aemopitounx 3a 3akoHoMm Kymona. Tyt 3apsmam Z,
Z,>0, a Z3<0. NaminbTOHIaH ISl €JEKTPOHA B MOJI ABOX KYJIOHIBCHKHX

IEHTPIB, IPU BBEIICHHI KOOpAUHAT K001, 3aNUIIETHCS TAKUM YHHOM:

2 2 2

h h /7] Z,-Z Z,-Z Z~ -7
H=— Agp P Ag =T a 2122 21023 23722

2M,, 2M 2m R I, IR
e M0:M1 + M2 + M3, L:L_F 1 : i: 1 + 1 :

M M, M, m M; M;+M,
n=Rs =Ry _ BiJICTaHl BiJ 10HIB a 1 b [0 JaHOI TOYKH I
pocTopy

I :‘R3 —Rz‘

BaJICHTHOTO €JIEKTPOHa, R — MiX'siiepHa BiACTaHb.
BBaxkatumemo, mo Mj << (M;; M,), To6TO yacTuHKa 3 Macorw Msj 1
3apsiioM Z; MOXKe OyTH eJIeKTpoHOM abo me3oHoM. Hanani posrisgaeTbes

3aJlaya 3a y4acTio enekTtpoHa. [lepmmii unen raminbToHiaHy (2) onucye pyx
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LHEHTPY Mac CUCTEMHU TPhOX YACTUHOK, APYTUHA — BIJTHOCHHM PYX YAaCTUHOK
M, ta M,.

B atomniii cucteMi oquHHLG /1 = Z3 = M3 = 1 Ta B eIIICOinHIN CUCTEMI
koopauHat piBHsaHHS [llpeninrepa mng 3amayl mpo pyx €JIEKTpOHA B IOJI

JIBOX HEPYXOMMX sijIep, BUJAICHUX Ha BiJIcTaHb R, Mae BUTIIS:

4 0 (-, \O 0 5\ 0 o2
{RZ-W—MZ)'{@%(K _l)afau(l_“ )GJ+R2-(X 1) {i-n?) a9 }W, (3)

+2-[E+ U\ p)ly =0,

I'a +rb T

,ISKSOO; n= —To 2 ZZ

,-1<A<1; Up)=—
()= <k TR

a

Ac A=

)

I, 1 Iy — BIJCTaHl JI0 €JIeKTpoHa BiJ sigep Z; 1 Z, BignoBigHo; U(A,n) —
MOTEHIIAHA EHEepTis EJIEKTPOHAa B MOl 3apsamiB Z, 1 Z,; R — Mik'anepHa
B1JICTaHb ATOMIB MOJICKYJIH.

Pimennst piBHsHHSA (2) MTyKA€ThCS Y BUTIISIAL

Y = X(A)-Y(w-exp(iA), 0<p<2n. 4)

Ockinbkun WY (A,p,0) = W(A,1W,0 + 27n), TO YMOBOIO KBaHTYBaHHS IO
KBaHTOBOMY unciy A oyne: [A|=0,1,2, ....
Axmo migcraButu (2) B (3), TO OJIEPKUMO CHUCTEMY JIBOX 3BUUYAMHMX

nudepeHiaTbHIX PIBHIHB APYTOTO MOPSIKY

0 2 0 A2 2 -
- v _ +uZ —A|Y(u)=0, 5
Lm( n )6u |2 TReTm } (n) ()
0 2 i_ A2 2 + _ 6
[87»(% l)a7L k2—1+k g+ A\Z +A}X(7\,)—O, (6)
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E-R?
2

IIUTOMUM AUITIOJIBHUM MOMCHTOM CHUCTCMMU.

ne A — mocriiiHa pPO3AUICHHS; €= , Z(i):(Zal iZb)-R, ne Z — €

JUIst pO3BUTKY aHaJITUYHOTO (popMaii3My 3pydHO MPOBECTH HACTYIIHY
1

3aMiHy 3MIHHHX: A—1=t, y(t)= [t (t+ 2)]_2 f(t) ne 0<t<o. Tom (5)

MOYKHA NIEPETBOPUTHU 10 BUTILAY:

o7 1-A* C
et S wor-o, o
1 [A2-1 A ¢ Z+ 1— A2 A2-1 A ¢ Z*
e W(t)=— For 2 n . C= L2y s L
t+2 4 2 2 2 4(t+2)2 4 2 2 2

3amiHa y =2-/—¢& -t TPUBOAUTH 10 HACTYITHOTO PiBHSHHS

{8%( 1+1;+1—A2Hf<y)+w(y)f(y>=o. ®

By > 4 4y>
Tyr k= ¢ a W(y)= W(t) npu Bumesrananiii 3amisi.
2\/—¢

[IpuBenenns piBHsHHSA (6) 10 BUrsay (7) IPOAUKTOBAHO JIMIIE THUM,

10 YKOPOYEHE PIBHSHHS:

{82+(_1+k+1_/\2ﬂf(y)=0 ©)

PO3B'SA3YETHCS aHANITUYHO, a JBa MOTO JIHIMHO HE3aJeXH1 PIIIeHHS €
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Gynkuiamu Yirrekepa M(y) , 1 W(y) , [10]. Ockinbku dpynkumis M(y) ,
ko K2 ko

2
peryispHa B Toulll y = 0, TO Takiii MaTeMaTU4YHIi MOJIEl BiANOBIIa€e Ppi3udHa
3ajlaya, y SKOi sapa 3HaXOIAThCS B CTIAKUX TMOJOKEHHAX. OCKUIbKU

30ypeHHss He Mae ocobiuBocTed B 1HTepBami [0,©] 1 lim W=0, TO
y—>0

Oe3nepepBHAa YacTHHA CIHEKTpPY OyJe onaHakoBa s piBHAHB (8) 1 (9).
OCKUIbKM HAC IIKaBJIAThH PIIIEHHS, PETYJISIPHI B HYJI 1 HA HECKIHUEHHOCTI, TO

3 ABHOT'O BUpa3y A PyHKIIi

HEOOX1HO 3a)KaJlaThi BUKOHAHHS HACTYITHUX CITiBBITHOIIEHbD:

2N +1

k= , A =2m;

k=N+1 A=2m+1:

e m=0, 1, 2; m<N. TakuM 4UHOM, pa30M 3 IMIMMH KBAHTOBUMH YHCIIAMH € 1

JTpOOOBI.

Posrnsaemo Bunaaok, ko W = 0, a6o Z"'=C i A=1. Ocranni 1Bi

. . + . +
piBHOCTI 03Ha4arOTh, mo -2 | A, 8,2 5 ¢ abo Z' =2k /-¢, a
2 2 2

2 2 2

2 ) 2 .
(Z+) :41(2(—8). Tomi E:(Z“sz); ne k=1, 2, 3. 1, omxke, 3amada 6e3
2k

ypaxyBaHHs 30ypeHb € BOJIHEIOI10HOIO.

PiBusHHS (5) mpencTaBUMO y BUTJISIIL:
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{8‘1(1 —u?) aau - i\; + A}Y(u) + W(n)Y(n)=0, (10)

ne W(A)=AZ" — A’U; W(A) — GesnepepsHa yHKIis Ha Bigpizky [—1, 1].

PimieHHsIMU YKOpOYEHOTO piBHSHHS (9)

o . 0 A?
_ _ . 1 =
{au(l u )au 2 +n-(n+ )}y(u) 0 (11)

npu A = n-(n+1) € npuennani dynxuii JTexarnmpa Po(1) i Q). Alle ocKinbKu
p=[-1,1], To B mogansmmx po3paxyHKax HaMW BHKOPHUCTOBYBAaTUMETHCS
ki1ac GpyHkuii {PoY.

AmHani3, mnipoBelneHuil i piBHAHb (5) 1 (6), J03BOJMB BUJIUIUTH

MOJICNIbHY 3a/1auy, sIKiil BIATOBIa€ PIBHIHHSA

+ + —+e+
o> 4¢2 t on on 1-p?

{az 1-A2 C a(_uz)a A2

(12)
2

+n(n+1)+82+A2}-F(t,u,(p):O
op

JIisi TIOBEpHEHHSI BiJ MaTeMaTHYHOI MOJEN 10 peaabHOl (I3UIHOI
3a/a4l mepeTBopumMo piBHIHHS (12), nUIsIXOM 3BOPOTHOT 3aMiHM A =t + 1,
. 2 -112 . C s
tomi f(A) = [A* — 17"2X(\). Ockinbku e NEPETBOPEHHS HEJIHINHE,

0JIEPKYEMO HACTYITHE PIBHAHHS:
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et ) [ 5 )L o2 e vl

4 0° 4(%2 —2)z—u B Zqu(kz —2)+ - (13)

+ Rz(xz —1xl—M2)5(P2 R(kz _Mz) 22 _Mz

ah2-2) [o Vo . 1 82 _
. m{w@ W) L W}}xwm@@p)—o

Bunno, mo piBasHHA (13) Briroyae mouatkoBe piBHSAHHS (3). Takum

YUHOM, PIIIEHHS MOJENBHOI 3a7a4l MpUiiMae BUTIIAL;

Al y ,
y=F=[t(t+2)]2-y 2 -e? -®(/2\k+;,A=l,YJP§(M)e‘A‘P- (14)

ne ©@ — BUpOHKEeHa rinepreoMeTpuuta yHKIs.

PosrnsHemo nepury rpyny eHepreTHyHux TepMiB (mpu n = 0) s
Bunaaky, koomu A =0. Beenemo a; =2b; =2,/—¢; . Tonl 3 piBHsAHHA (14),

OJIEPKUMO SIBHUM BUJ MOJICTbHUX XBUJIBOBUX PYHKITIHA Yy A n:

s _ VA -exp(—a—ltj' (15)
200 Jt+2 2 )

e oo ) e

\aj 2,2 ast
= -\l—ast+0,5azt" )-exp| —— |. 17
Wz,o,o t+2 ( > > ) p( 2) (7

Tyt b; 3HAX0AMMO 32 TOTIOMOTOI0 (POPMYJITH
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b; =—2k + . [4k; + 2L (18)

2 —+

e L="" +n(n+1)+7.

BpaxoByroumn, mo s 3B'sizaHux cra”iB b; > 0, y Bupasi (18)
BUOMpA€EThCS 3HAK "+".
Ha ocHOB1 pillleHb MOJENBHOI 3aJadl OAEPKYEMO EHEprii CTaHiB,

BIJIMOB1/IHI KBAHTOBUM uuciaMm k = 5/2, 3/2 ta 1/2, oGuucneni no Gopmyi

<\l’k,A,n \Ho ‘\V;A,n >
<\V k,A,n ‘\I/ k,A,n >

b

Ek,A,n =

Es =|Z"|16b3 +28b3 +14bs I N N LY —~40b3 ~16b3 +e*s
200 2 2bs) 8

xE; (~ 4bs )[2(6413;‘ +128b2 +80b3 +16bs + 1)— 64b3 —176b3 —144b3 —36b3 —bs + ﬂj

_1|
x[R2[i—l—§b5 —ﬁb§ —ng —§e4b5E1(— 4b5)(16b§ +32b2 +20b3 +40bs +%m

4b2 3 3 3
(19)

E3 = 1 X

—,0,0

2 R{zi —4b, —16b3 —4b,(1+4b,)* - E, (- 4b3)}

3
b

%12 - {(343 + bgj - z+@ +by + 4b3j —e*™E, (- 4b;3)x (20)

x[ib3 — b3 —4b3 + z+(16b§ +8b3 +b3)}};
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4[1 (bi —z+)+ e?iE; (- 4bi)(b.2 —b,Z" —lbiﬂ

2 1 4

E, = { : 21)
2

2 T pb.e?PiE. (- 4b.
2b1 3 1 l( 1):|

Sxmio B ogHOMY 1 TOMY K KBaHTOBOMY cTaHi (K, A, n) 3HaX0aAThCs B
CJICKTPOHU, TO HEOOXIJHO BPAXOBYBATH IX B3AEMOJII0 OJMH 3 OJHUM.
XBUJIbOBAa (DYHKIIISI CUCTEMH JIBOX EJEKTPOHIB MOXKE OYTH IMpeJCTaBjICHA Y

BUIISAL neTepMiHanTa CreTepa

ul(l) uz(l)

u,(2) uy(2) (22

\Vdet —

e u; = ap(l); u, = Be2); o(l) 1 @2) — O6azucHl QyHKIII, K
BUKOPHUCTOBYIOThCS B SIKOCTI pimieHHs MojaenbHoi 3amaui (15) — (17).
[Toznauenus (1) 1 (2) € CyKYNHICTIO KOOpPJAMHAT TEPIIOr0 1 JIpPyroro
CJICKTPOHIB BIiAMOBIAHO. [ Toro, mo0 XBuiboBa QYHKIIS WYy OyTIa
AHTUCUMETPUYHOI0, HeoOXinHO mokimactu o = [. Toji, eHepris eneKTpOoH-

CJICKTPOHHOI B3a€EMO/Iii BU3HAYUTHCS 3 BUPA3Y:

1 .
\Vdet \Vdet
I
E(ee)k’A’n - " s (23)
<\|j det |V det >
ne 1/rj, — eHepris KyJOHIBCBKOI B3a€MOIi €JIEKTPOHIB, SKY MO>KHA

NpEeJACTaBUTH y BUIISAI po3kianaHHs Heilimana B emimncoigHiil cucTemi
KOOPJMHAT; I, — BIICTAHb MIXK €JIEKTPOHAMHU.
PimieHHst peanbHO1 3a/1a4l Ma€ BUTJISIA!
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Vian(Go)=y Ao (Lune)+

4 14 14 4 14 4 4 14 14 14 (24)
+ [t U, 1,1, @, @ )W (U, W@ )¥y 4, (.1, 0")dT".
30ypeHHs, 10 JOBOAWTH JaHy MOJCIb J0 PEabHOI JBOIEHTPOBOI

3az[aqi, 3aIlIUCYETHCA TCIICP TAKUM YHHOM

c-z" A*-1

Wit )= W(D)+ W)= ="% +4(t+1)2

+uly+uz”. (25)

Ockinbku 30ypeHHs € Oe3nepepBHa 1 oOMexeHa (QyHKIIsA, TO
ITepaIiiHui POIIEC CXOAUTUMETHCA.

XBWIbOBA PYHKIIIA B NEPIIOMY HAOIMKEHHI BU3HAYAETHCA 110 (hOpMyJi

vt me)=w(t.n @)+ [G(tt, m ', e.0) W(t, 1, @) w(t, 1, o).

Pimiennst xBwiboBOi (PyHKIIi 3 KBaHTOBUMM uuciamu 1/2, 0, 0 mae

TaKWUUW BUTIIAL:

o © A
\Ili/z,o,o(tau,(P)ZtY e {Ajt+ Ay In(t+2)+ Aj +r§1(t+;)

) +
(26)

© B
+(Z_u+yp2 Bit+Bs + X r >
r=1(t+2)

ne A, =-Z"—4aMe**E_,(—4a) + 37“ +e**E_ (—4o) (60> + %) ;

A, = =27 + e Ei(-4a) + 1/4;

40



2 . Z* 4o 1
As="27" -=Z__2(3+4a—C)e Ei(—4oc)—3oc+2—2h12—
(08 (0.8

—[11a+1202 + L E3ac e E;(—40) - 2Z e*™E; (- 4a) x
2 4

><|:—C—h12+ ' (-1)°B, S 3 (=1) B

r=1=1(4a)" (r — ¢)! e e=1p=1(4a)" (r = ¢)...(r — ¢ —p +1)

r

+ %O:ril (_1)r_1Br . A, :ril (_1)rBr r3a+1z+:|_2;
r=1€=1(4oc)r (r — f) E—l(2oc)r (r — E)rz |_ 4

B, = —4ae*"Ei(-4a); B, = —20e*“Ei(—4a);

xrcl (_ l)r_l Br

B; =2+2(3+4a—C)le*®E;(-40) -C-n2+ 3 3 -
r=1/=1(4a)" (r — ¢)!

o r—Ir—/ —1 C+p-1 B or-=1 (-1 r-1 B
r=1/¢=1p=1(4a) P (r —¢)...(r =2 —p+1) r=lt=1(4a)" (r — ¢)

b

_ ol (_ l)r B,
€=1(2oc)r (r — E)Zg .

r

Po3paxyHKu MOKa3yrOTh, 110 3HAXOKEHHS XBHJIBOBUX (DYHKI[IH O1IbIII
BHCOKOTO TMOPSAAKY HEIOIIJIbHE, OCKIIbKA BUXOAATH JTY)KE TPOMI3JIKI BUPa3H,

a IOMPaBKU J0 CHEPriil eIEKTPOHHUX TEPMIB € HE3BHAUHUMMU.

2.2. EkpaHyBaHHS si/IePHUX NMOTEHUIATiB 3B'I3aHUMH €JIeKTPOHAMH

KBaHTOBO-MeXaHIYHA MOJEIL IMPEACTABIISIE JTBOATOMHY MOJICKYIY SK
JBa TIO3WTHBHI KYJOHIBCBKI HEHTpPH 13 3apsgamu Z, 1 7, IO 3B's3aHi
BAJICHTHUMH €JICKTpoHaMHU. Take HaOMMKEHHS HE BpaxOBY€ HasSBHICTh

€JICKTPOHIB, 1110 €KPAHYIOTh MOTEHIaNM siaep. s crponieHHs: po3paxyHKIB
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MOJIEKYJIIPHUX CHUCTEM MO’KHA BBa)KaTH, 11O BHYTPILIHI €JIEKTPOHH, SIKI HE
OepyTh ydacTi B YyTBOPEHHI XIMIYHOTO 3B'SI3Ky, 3HAaXOJAThCSA B CTaHax, IO
XapakTepH1 JJI 130JIbOBAHMX aTOMIB 1 iX POJIb 3BOJUTHCSA JHUIIE 10
eKpaHyBaHHS MOTCHINATY sapa. [HIIMME CIOBaMH, €EKTPUYHUNA MTOTEHITIAI,
CTBOPIOBAHMM OKPEMUM 10HOM MOJIEKYJH, MOXKHA MPEACTaBUTH Y BUIJISAI
CYyMU TTOTEHII1JTIB:
Z

¢ = T + Qe (27)
Ie — . CyMapHUW TMOTEHINad, W0 CTBOPIOEThC Z-7Z, 3B'I3aHUMU
eJIEKTPOHAMHU; Z — 3apsia sapa (KUIbKICTh MPOTOHIB siipa); Z, — YUCIO, PIBHE
KUIBKOCTI €JIEKTPOHIB, 110 3aJIUIIUINA aTOM JIJI yTBOPEHHS XIMIYHOTO 3B'SI3KY
MOJIEKYJIH.

[IpupoaHo oviKyBaTH, 110 Ha BEIUKUX BIJACTaHAX Bij siapa @.—0, a Ha
MaJIiX BIJCTAHIX (. MPUKMaE KiHIEBe 3Ha4YeHHSA. HeoOXigHICTh BBEICHHS
NOTEHIlaly (. OOYMOBJIEHA THUM, IO TIO3UTUBHUN 3aps]l MPOTOHIB
JIOKaTI30BaHUM B MaJlid 001acTi siapa, a 3apsi BHYTPIIIHIX €JIEKTPOHIB aToMa
pPO3MOALIEHUI MOOIN3Y A]ipa B 001acTl, pO3MipU SKOi 3HAYHO NEPEBUILYIOTh

po3mip sigpa.llorenuian ¢, Bu3HayaeThes 3 piBHsAHHSA [lyacona

77, 5 . . :
e p=— 3 |y;|~ —TycTHHA 3apsily 3B'I3aHHUX CICKTPOHIB; i — iX XBUIIbOBI
i=1
GyHKITI.
Axkmo QyHKIO @, TPEACTAaBUTH Y BUIJIAAI CYMH IOTEHINATIB,
z-Z,
CTBOPIOBAHUX OKPEMHUMH EJIEKTPOHAMU P = 2 Pei, , TO 3aMICTh PIBHSIHHS
i=1
(28) onepxxkumo cucremy 13 Z-Z, piBHSHb
2

AQei = 4n|yi[, (29)

ne i=1,..., (Z-Z,).
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[lepm HIXK TPUCTYNUTH A0 PIILIEHHS cUcTeMU (29) HEOOX1AHO MPOBECTU
2 : :
ycepenHioBants |yi|” mo cdepuunux koopaumHatax v i @. Ilorenmianu,

pO3paxoBaHi MO MPHUBEICHIN METOJUIIl JIJIs1 €EeKTPOHIB BiA 1s- g0 4s-rpymi,

IpeACTaBIICH] B maon. 2.

Tadaunga 2
Ilomenyianu expanyiouux elekmponie 0cmogy
v EnexTponHi moTeHIiaaum
_ 1 1
r r
3 2
(73 5 1) 1
2s =€ — T+ —71+ 2L+ |——;
Pe 8 4 rJ r
3 2
—Zr Z 1 1
=e —r "+ —71+ -2+ |——;
2p | Pe 24 4 rJ r
_%7. 4 3 2
3S Pe =€ 3 izs 4 4i +4i +£r+i2+l _1;
37 3 34 3 32 r) r
7. 4 3 2
3p| . =€ 3 —Zsr4+2z r3+22 1r2+£r+iz+l —l;
3 36 34 33 32 r) r
8
-2 2 z4 273 472 1) 1
3d| . =€ 3 725r4+2—r3+—r2+7r+iz+— - —;
81-135 729 81 27 32 r r
1
- 7r 7 6 4
Q. =€ 3 2 6 2 s, 2 g54 5, 203
4.1922 1922 32-64 8-192
4s
3 2
+ 192 rz—z—1r+1—7z+2 —g.
8-192 4 167 4r| 4r

OcCKiTbKM B MOJIETI TEpea0avaeTbCss PO3MOJLT €ISKTPOHIB MO aTOMHUM
opOiTasIsiM, TO 3pO3yMLJIO, IO €IEKTPOHU JaIbHIX OpOiTaiel B3aEMOIISTUMYTh 3

MEHIIIUM 3apsaoM, HIXK 3aps sapa. ToMy Mpu BU3HAYEHHI MOTEHIUATY (. 5K
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BEJIMUMHU 3apsity 7 HEOOX1IHO BHKOPHUCTOBYBAaTH CJIETEPIBCHKI e(EeKTHBHI
3apsiid, TOOTO 3apsiiy, OAEPKaHl 3 ypaxXyBaHHSAM KOHCTaHTH €KPAHYBAHHS S,
sSKa PO3PAXOBYETHCS 3a HACTYITHUMHU TPaBUIIAMHU:

e BCi aroMHI1 opOitaii kiacudikyoThes no rpynax: (1s); (2s, 2p); (3s,
3p); (3d); (4s, 4p) 1 Tak jgami, TOOTO, S- Ta p-opOiTali OJHIET OOOJIOHKHU
IPYIyIOThCA pa3om, a d- ta f-opOita npeacTaBiIsiOTh OKpeMi TPy,

® KOHCTaHTa S, BU3HAYAE€TbCA K cyma BHecKiB: 0,35 Bia KOXKHOTO
eJIeKTpoHa B AaHi rpymi (st 1s-rpynmst 0,3); 0,85 Big KOXKHOTO €IEeKTpOHA
HaMOMMK4O01 BHYTpPIIHBOI Tpynu (s abo p); 1,0 — Bl KOXKHOTIO €JIEKTpOHA
ou1bm rbokux mapis (d ado f);

® BPaxOBYIOThCSl TUIBKH €JIEKTPOHH, IO 3HAXOASATHCA MDK SIPOM 1
JTOCHIIKYBaHOIO OOOJOHKOI. EJNEKTpoHH, 30BHIIIHI IO BiAHOIICHHIO 0
JIOCITIIPKYBAHOTO, B €KpaHYBaHH1 y4acTi HE MPUHUMAIOTh;

® SKIIO JIOCIKYBaHHH €IEKTPOH BIIHOCUTHLCA 110 piBHs d abo f, To
BHECOK YCIX BHYTPIIIHIX Py qopiBHIOE 1,0.

Taxkum yuHOM, Sy, OOUHUCITIOETHCS IO HACTYIIHINA CXEMI:

1s=0,3-(1s—1);

2s =2p =0,85-(1s) + 0,35-(2s + 2p — 1);

3s=3p=1,0-(1s) + 0,85-(2s + 2p)+0,35-(3s + 3p — 1);

3d=1,0:(1s+2s + 2p + 3s + 3p) + 0,35-(3d - 1);

4s =4p =1,0-(1s + 2s + 2p) + 0,85-(3s + 3d + 3p) + 0,35-(4s + 4p — 1).

[Ipu oOumClieHHI KOHCTAHT €KpaHyBaHHS MJIs JaHOI EJIeKTPOHHOI
KOH(}Iryparii HeoOXimHO 3amicTh s, 2s, ... 4s B MpaBiii YacTHHI PiBHOCTI
M1JCTAaBUTH YHCIIO EJIEKTPOHIB, IO 3aCeNsoTh JaHy opOitanb. EdexrtuBHuit
3aps] OOUUCIIOETbCA 0 POPMYIIL Zegy = Z — Seip. B pe3ynbTari po3paxyHKiB
oJiepKaH1 MOTEHLIANN Q(T) eNEeKTPOHIB BiJ 1s- 10 4s-rpynn i 3apsiB Z; =
1,7,=6,7; =28 (puc. 7) 1y nesIKNX MOJICKYJI Py THUKOBOT aTMOchepH.

Sk mpukian Ha puc. 8 MoKazaHa 3aJ€KHICTh €JIEKTPUYHOTO MOTEHINATy

BIJIT MDK'sJIepHOI BifcTaHi B Mojekya CO, CTBOPIOBAHOTO JIBOMa BaJICHTHUMHU
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eslekTpoHamu B cTadi (1/2, 0, 0) 1 ;BOMa BaJICHTHUMU €JIEKTpOHaMH B cTaHi (3/2,
0, 0). IlopiBHIOIOYM 3 pe3ysibTaTaMH, MPEACTaBICHUMHU Ha puc. 7, MOXHaA
3poOUTH BHCHOBOK, IIIO TIPH PO3PAXyHKY CJIEKTPOHHHUX TEPMiB B IEPIIOMY

HAOJIM)KEHH] €KPaHYIOYO0 A1€I0 BAICHTHUX €JIEKTPOHIB MOKHA HEXTYBATH.

H2 LiH

/ -0,1
-0,9

/ 02
0,3

E, a.e

=

E, a.e
=
S

—

/ 0,7 -~
\ /
_1’3 \_—/
1 2 3 4 5 6 7 1 2 3 4 5 6 7
R, a.e R, a.e
a §
HCl Li2

1,6
1,2 \

12

0,8 0,8
0,4 y \
\ %04

-0,0

E, a.c.

12 \__/ -0,4
1 2 3 4 5 6 7 1 2 3 4 5 6 7
R ae R, ae
B r

Pucynok 7 — Enexkmpornni mepmu monexyn: a— Hy; 6 — LiH; B — HCI; r— Li,
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E, a.e.

N2 02

3 0

4 |
o

5 \ pd i \
¥

/
-7
1 2 3 4 5 1 2 3 4
R, a.e R, a.e
pi| €
CO
0
-1
g l
-2
) \
3 ~
_/
4
1 2 3 4 5
R, a.e
XK

Pucynok 7 — Enexmponni mepmu monekyn: 11— Ny; € — Oy; x — CO
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+1T Mix’snepHa BifcTanb R, a.e.
. 1 2 3 4 5 6 7 8 9
|o 0 1 3 I ' ' L ] ] >
=8
5 1T
B
o 27T 1
o
=
:E _3 i
= 2
S -
g 4
<
Q
=
88 5T
6T

Pucynok 8 — 3anesxcnicmov enekmpuunoco nomenyiany 8io0 midxc s0epHoi
giocmati 6 monekyni CO: 1 — eanenmni enekmponu 6 cmani (1/2, 0, 0);

2 — eaneumui enexmponu 6 cmai (3/2, 0, 0)

2.3. EkpanyBaHHA siIePHUX MOTEHIIATIB

BAaJICHTHUMMU €JICKTPOHaAMH

Pasom 3 ekpaHyBaHHSIM TMOTEHIIANy sapa 3B'S3aHUMHU EJICKTPOHAMHU
HEOOXIJTHO BpaxyBaTH €KpaHyBaHHS BaJICHTHHUMHM €JIEKTpOHaMH. MeToauKa,
MOKJIaZicHa B OCHOBY PO3paxyHKIB, HE BIJIPI3HAETHCS BiJl HABEICHOI BHIIIC.

Meroauky po3paxyHKy IIOKaKEMO Ha TpHUKIaAl  0OYHCIECHHS
MOTEHINATy, CTBOPIOBAHOT'O BAJICHTHUM eJeKTpoHOM y crtadi (1/2, 0, 0).

XBUJIHLOBA (PYHKIIISI MA€ BUTIISI:

\V2 _ 2a - exp(— 2a(k —1)), e a=2b.
A+1
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Pozainstoun 3MiHHI, 0J1IEPKUMO

O (5 0 2a-e-2a(r-1)
122 ooy - , 30
47{6%(% 08)»} ) Ar+1 G0
0 ov(p)
an-2(1—p2 =0.
6u( ) . 0 (31)

[MlykatumMemMo pilieHHs pPIBHAHH METOJOM Bapiailii MOCTIHHHX.

CnoyaTky BUPIIIMMO OJTHOPIAHI PIBHSAHHS, BHACIIIOK YOTO MaTUMEMO:

C ., A+1
Ur)=—Tm|=—|+C,, 2
(*)=-3 ‘K_1+ > (32)
V(M):_g]n‘“_ﬂ +C,, (33)
2 p—1

ne Cy, C,, C;, C; — MOCTIiHI IHTETPYBaHHS.

[HTErpyBaHHS MPOBOAMMO 3a YMOBH, 10 (¢—0 MpH HECKIHYCHHOMY
BUJIAJICHH] B1J] MOJICKYJIM 1 MpUKMae KIHIIEBE 3HA4YeHHS npu A—1 pu—=*l1.
OCKUTbKH XBHJIbOBAa (DYHKISL @y, o, ¢ HE 3aJCKHUTh B 3MIHHOI, TO JIJIst
3HAXOJKEHHS MOTEHII1ATy He0O0X1AHO BUPIUTH piBHAHHS (30).

ITicist HeCKITaTHUX MEPETBOPEHB OACPIKYEMO

1 A+1

(P 1 - _ L 1 _ ln e—2a(k—l)
—-0,0  8m|\ 2a) A-1

+

(34)

+(1_ P20 - 3 g Copsn)- LB 2a(%—1))}.
-1 4a2 2a°

48



AHaJorigyHo ojepxxyemo i ctany (3/2, 0, 0)

®3 __ b ]nMe_zao‘_l) 3 1+E—L +22 1+l—73 +
5,0,0 8n A—1 4a az a 232
+ 3 +1+32 +7}+e_4aEi(— 2a(k—1))[1+ BEEU }— (35)
2a 4a 8a’> a 4a’ 4a

_ e—za(x—l)[;{l N 5) L 1} .
2a 4a) a 9232

[Ipencrapieni pillleHHS 3aJ0BOJLHAIOTH YMOBAaM Ha HECKIHYEHHOCTI
A—oo 1 mpu A—1 TOXigHI, ax JO0 JAPYroro MOPSAAKY, ICHYIOTh 1 €
Oe3nepepBHUMHU (PYHKIISIMH.

Bnepmie y kBaHTOBIA MexaHill po3po0JEHO METOA pO3paxyHKY
CTIMKOCTI pEUOBHUHHU, 1110 3aCHOBAHMI Ha PIIICHHI 3aJ1aul PO PyX €JICKTPOHA
B TIOJII JBOX KYJOHIBCBKMX IIEHTPIB, IO BPAaXOBYE BIUIMB TPETHOTO
KYJIOHIBCBKOT'O IIEHTPY Ha XIMIYHUU 3B'A30K.

Pimennst piBusiaHs [lyacoHa (ycepeaHEHOro mo HampsiMax B MPOCTOPi),
3HAWICHI B HAOMIKEHHI IEHTPAIBHOTO TMOJS E€JIEKTPUYHOTO TOTEHINaTY,
CTBOPIOBAHOT'O 3B'I3aHUMHU €JICKTPOHAMM. 3apsau  sijapa, 110 BXOJSTh B
oJlepKaHl BUpa3H, po3paxoByBanucsa 3a npaBmwioM Crerepa. Po3poOnenuit
HOBUM MIAXIJ, SIKHA BPaxoBY€ MOJSPHU3ALII0 €JIEKTPOHHUX OCTOBIB IpPH iX
B3a€EMHOMY BIUIMBI OJMH Ha OjHOro. Pa3zoM 3 1uMm, ojep:KaHi PIIIEHHS
piBHsHHS [lyaccoHa B emncoimanbHIN crucTeMi KOOpAWHAT JUIS 3HAXOKEHHS
MOTEHITIATIB, CTBOPIOBAaHUX BAJICHTHUMHU enekTpoHamu. lLle mo3Bomsie
BpaxyBaTH JOJATKOBE €KpaHYBaHHS SIAEPHOTO MOTEHIIATY €JIEKTPOHAMU, 1110
3a0€e31euyoTh XIMIYHHH 3B'130K B MOJIeKyJil. Po3paxyHku mokasanu, 1110 Taka
MOJEIb J03BOJIIE HaJaBaTH HE TUIBKH SKICHY, ajleé M KUIbKICHY OIIHKY
MOBEIIHKHA JBO- 1 TPUATOMHUX MoJieKyJs. CiiJl miIKpeCcIuTH, 0 MOJEIb HE
nependavyae SIKMX-HEOyJb 1HIIUX B3aEMOIN, a Jla€ JMIIE MOXKJIIUBICTh

3pO3YMITH JTUHAMIKY B3a€EMOJIi OJIHIE] MOJEKYJIH 3 OJHHUM 10HOM IE€BHOL
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BaJieHTHOCTI [9; 37].

Brnepiiie BCTaHOBIIEHI 3aKOHOMIPHOCTI MOBEIIHKM XIMIYHOTO 3B'SI3KY 1
#toro eneprii E(Z™;R) y npucyrocti ioniB (ze E — eHepris xiMiuzOro
3B's3Ky, R — BijcTanp Mixk aromamu, Z+ — 3HAK 1 BEJIMYMHA 3apsly 10HA)
3QJIGKHO BiJ BIJICTaHI MDK MOJIEKYJIOIO Ta 10HOM, BaJEHTHOCTI 10HAa,
HaIPY>KEHOCTI 30BHIIIHBOTO €JIEKTPUYHOTO MOJIsS Ta 1HIUX HapameTpiB [38-
39]. Ockinbku peanpHa TemIiepaTypa (i3uyHOi, XIMIYHOI Ta O10JOTTYHOT
cucteM 3apxau nepepuinye 0 K, To He BaXXKO 3p03yMiTH, 11O 13 3017IbIICHHSIM
temmnepatypu ¢yukiii E(Z;R) MatuMyTh TEHIEHIII0 10 GilbII CHUIBHOI
MOJIOKUCTOCTI. [HIIMMM clloBaMM, 30UIBIIEHHS TEMIIEpATypH CHCTEMU
IPUBOAUTH J0 PO3PHUBY 3B'SI3KIB MOJIEKYJI Ha TaKUX BIJICTAHSX BiJ TOYKOBHX
3apsiB, K1 MEPEBUILYIOTh Y ACKUIbKA pa3iB XapaKTepHI MIKaTOMHI BIJCTaH1
y TBEPAOMY TiJi.

BcranoBneHo, 1m0 BiACTaHb BiJl 10HA, HA SKOMY BiJIOYBa€ThCS PO3PHUB
3B'SI3KY, pOCTE 13 301IBIIEHHSIM BaJICHTHOCTI 10Ha, TYCTUHHU PO3MOJALTY 3apsIiB
Ha TOBEPXHI a00 13 30UIBIIEHHSM TEMIIEpaTypH 3a IHIIUX PIBHUX YMOB Ta 13
3MEHILIEHHsIM eHeprii 3B's3ky Mousiekynu [9]. Tak y monekyn CO, po3puB

3B'SI3KIB B110YBa€ThC Ha OUTBIINX BIJACTAHAX BiJl 3apsay, Hix mojekyn CO.

2.4. YpaxyBaHHsl BIUIMBY 30BHIllIHiX KYJOHIiBCbKHX LEHTPIiB

HA eJIEKTPOHHHMH TePM MOJIEKYJIU

[Ipu pimenHi Oaratbox 3ajlad KBaHTOBOI XiMii BHHHUKAae MpobieMa
ypaxyBaHHs BIUIMBY KYJOHIBCBKMX TIIOTEHIIadiB Ha EJIEKTPOHHUI CTaH
Mosiekysd. J[Jis po3paxyHKy CTIMKOCTI KPUCTATIYHOI CTPYKTYPHU PEUOBUHU
BUKOPHUCTOBYBAJIacid pO3IVISIHYTa BHILE KBAaHTOBO-MEXaHIYHa Mojenb. B
NEePIIOMY HaOIM>KEHH1 MOIMPaBKy 10 €JIEKTPOHHOTO TEPMY MOXKHA BU3HAYUTHU

3 BUpazy
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Zl
. N<‘er._ v
1
AE(R)=3X 3
j=li=1 <\|/j‘\|/j>

(40)

ne Zi/rj — KyJOHIBCBKHI MOTEHIIall, CTBOPIOBAHUM 1-M 3apsioM Z;, JIFOUYUM Ha
J-¥ €JEKTPOH MOJIEKYJIU; N — KIJIbKICTh BAJICHTHUX €JIEKTPOHIB, Ha 3B'S3KY.
KynoHiBChKkUIl TOTEHIIAT B EJINCOINHIA CUCTEMi KOOpPJIUHAT 3HOBY

MPEeACTaBUMO Y BUTIISII po3kiaganus Helimana

27, » k (k —[m|)1]°
Wiowe)= 223§ £ (i), [
R k=0om=—k (i —m))1 (41)
<P () QM () B (1) B () -0,
Ie A<, As — MEHIIA 1 BeJIMKA 3 KOOPAMHAT A 1 A; P i Qk|m| — (yHKIii
Jlexannpa I 1 II-ro pony; p, = ST I_QRZi, A z%

SAxmo xBuiab0B1 (DYHKITT HE 3ajekKaTh Bl KOOPAUHATH, K, HAIIPUKIIA,
JUISl TIEPIIMX TPbOX OCHOBHMX cTaHiB (15) — (17), TO MaTpu4HUN €JIEeMEHT

<y;|W|y;> MOXHa 3HAYHO CIIPOCTHTH:

7.R? 10
(Wil Wlwi)= - 12 [Qo(}L N +1, 3 Py (1 Qo (A )15 + Pz(ki)h)} (42)
TYT
A 2(~,2 1 2 A+1
b=l [7” _Ejdx; = I vi [k _5) 2 (43)
A 2 2 (
= Ilwilz@”—_l)dk; Iy = Ilwil2 2 _l)hl;”“—éx dh.

1 2 A 2 A—1 2

J

OOGuucnuBmm iHTerpa (43), OJACPKYEMO HACTYMHI BHUpa3d s
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MOTIPABOK JO €HEPriil eJIEKTPOHHOIO0 TEPMY MOJIEKYJIH, [0 BPaXxOBYIOTh JiI0

"TpeTiX" LHEHTPIB Ha MOJIEKYILY:

n 4aZ.
AE(R)l/z,o,OZZ 1 4a ) )
i=1 R[ — —e4aEi (_ 4a):|
2a 3
QB0 S B ) - | PGP () -1
o\ §e ! . 4a2 8a262a(7h3_1) e

< o205 DB, (- 20005 + 1) 2905 DE, (- 20005 + 1)~ Qs (13 )P ()]

2 _ 1 A
<3 e**E; (— 4a)+(7%, —1) 4op (—2a(hy + 1))+ e 200 1)[221 R 2;]+

+Qo(x3>P2<x3)P2(u3>[(x kR 200 - )= ! Jﬂ

2a 442 2a

<205y (13 )P s ] € Gus + DB (- 20005 + 1) e 20 [
a
27,

Rl {|:2Q0(7\*) - %Pz (Hz)} X

x {(l + b + lj — 8?ae4a (1+a)E;(—4a)—2ar> +(2a— 13 +

a 232 3

2a 3 4 Ball+a 9
+?+E+§+—(3 )e4aEi(_ 23'(}\’2 + 1)):| + |:1 _ZPZ(“’2)P2(7\‘2):‘X

2Q0 Ay )e 242D 2233 4 (1- 22 x(l @)—3—4—6‘—1
><{Qo( 2)e a (1-2a)3 + 2037373 a2 +
+ 16a(l+a) a)e4aE2(— 2a(hy +1))+ e_zo‘(;‘z_l)[kz[l — Lj 7T 2—(1 -

3 2a 3 a 3
FetE, (- 2a(x2+1))(&—6 __izj (14 a3 (2005 + 1)+
4a

22 (1) (2000~ 1) 1)~ * B (- 200 + D)0z - 1)]} .

+ =
3 3 4a® a?
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Ha puc. 9 npencraBieHi po3paxyHKH €JIEKTPOHHUX TEPMIB MOJIEKYJIH
N,, 1O 3HaxXOAWTHCA B TOJ1 3O0BHIIIHBOIO KYJOHIBCHKOTO LEHTPY,
pO3TAIIOBAaHOTO Ha PI3HUX BiAcTaHsx H mo HopMmaii, 10 mpoxoauTh Yepe3
LEHTpP BICI MOJIEKYJIH. HanpyKeHICTh €JEeKTPUYHOIO MOl OJJHOBAJEHTHOTO
iona Ha Bimcrani 10° M ckagae ~1,5-107 B/cm. Tlpu 3MeHIIeHH1 BiJcTaHl 10
10Hy HampyXeHicTb 30uiblnyeTbesa. Hasite mnpu  temmeparypi 0K
HaIpYKXEHICTh TOJISI 10Ha € pYHHIBHOIO TSI OY/Ib-SIKOTO XIMIYHOTO 3B’ SI3KY.

His mosiro 3apsAy Ha MOJIEKYJYy HPHU3BOJAUTH 10 'po3myllyBaHHS" ii
XIMIYHOTO 3B'si3Ky. BIUIMB 30BHINIHBOTO TOJS 3apsiiy (KYJIOHIBCHKOIO
IIEHTPY) cladmiae i3 30UIBIICHHSM BIJICTaHI BiJI MOJEKYJIH. 3aKOHOMIPHOCTI
3MIHIOBaHHSI €HEprii 3B’S3Ky MOJIEKYJ MOBiTpsiHOI atMocdepu O,, CO,, Ta
CO Bix 3HaKy, BEIMYMHU TOYKOBOTO 3apsay 1 BIJICTaHl BiJ 3apsly MaroTh
SAKICHY aHaJIOTII0 3 TMOBEIIHKOI 3B’sI3Ky MoJjiekysiu N, (puc. 9). Xapakrep
3MIHIOBaHHS CTaHy XIMIYHOTO 3B'S3Ky Majo BIAPI3HIETbCS BiJl 3HAKY

TOYKOBOTO 3apsiny (puc. 10).

2.5. Bu3HaYeHHS KOJMBAJbHUX PIBHIB MOJIEKY.I

OCHOBHUM KaHaJOM pO3Maay MOJIEKYJ 1 YTBOPEHHSI aTOMIB B IuTa3Mi
KHCHIO Ta a30Ty € JMUCOUIAalis NPSIMUM €JIEKTpOHHUM yaapoM. IIpu anamizi
MEXaHI3MIB YTBOPEHHS aTOMIB HEOOXIJIHO BpPAaXOBYBAaTH MOKIIUBICTb
crtyneHeBoi gucoriamii moimekyn O, CO, ta N, mpm ix B3aemomii 3
KOJIMBATbHO-30y/)KCHUMH OJHOWMMEHHUMH YacTHHKaMHU. BenuuwHu eHeprin
pPO3pHUBY 3B’SI3KIB y MOJICKYJIaX, SIK IPABUIJIO, 3HAYHO MEPEOLTBIIYE BEIHUNHY
KOJMBAJILHOTO KBaHTy. (OYeBHJIHO, IO Yy TPOIECi AHUCOIaIii MOXYTh
OPUHHATA y4YacTh TUIBKHM MOJIEKYJH, IO 3HAXOASIThCA HA BHCOKOMY
KOJMBAJIbHO-30y/DKEHOMY piBHI. Y TMPUIYIIEHHI TIPO TPUHOPOBCHKUN
PO3MOAUT  KOJNMBAIBHO-30yDKEHUX MOJIEKYJ, KOHIEGHTpaIlis 30y/KeHHX
YaCTHHOK 3 €HEPTi€lo, 10 MEPEBUIIYIOTh MOPIT AUCOINIAIli, CKIagae OJU3bKO
10"...10" em.
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+2 +2
MG <
0 3 0
s, \ \ — £ \ F 6
ey \ e \ \ " T |
! — !
? —4 \ 2 /’7/ ? —4 ———
& &
[} [aa)
= g /
= 3 J
z S 1 5 8 S
-10 \\_// -10 \-’/
0 1 2 3 4 0 1 2 3 4
Bincranp mix atomamu, R, A Bincranp Mix atomamu, R, A
a 0

Pucynok 9 — 3uinrosanua nomenyitinoi enepeii E(R) monexyau N, y noni
He2amugHo20 3apsaoy Z: a — 6i0 éenuuunu Z (8iocmanv H 610 3apsady
00 XimMiuHo20 38'3ky 2,51 00 Mm); 6 — 6i0 giocmani H npu Z=(—4).
1 — ne 30ypena monexkyna; 2, 3 ma 4 — 8i0nogiono monexkyia y noui 3apsaoy Z
(—2), (—4) u (=8); 5, 6 u 7 — monexyna 8io 3aps0y 8i0no6ioHo Ha eiocmari H
m): 107, 510" ma 1,5-10°"°

[Ipn 3HAXOMKEHHI KOJUBAJIBHUX PIBHIB MOJIEKYJIH BUKOPUCTOBYETHCS
piBusiHHs  Llpeninrepa, B  AKOMYy €HEprisi  €JIEKTPOHHOTO  TEepMy

anpoOKCUMY€EThCS TTOTEHIIIaoM Mopca:

2 2
d \|!+2MRO
dx? h?

[E — Ae TP L 2Ae X ]\y =0. (44)

Tyr V(X) = (Ae 20X _2Ae _ax) — moTeHmianx Mopca, x = R};RO ; Ro —
0
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M1M2
M, +M,

PIBHOBa)XHA BIJICTaHb; N — — NPUBEJCHA Maca; A — mapamMeTp, 110

BU3HAYa€ CHEPTi0 JMCOIaIlii XIMIYHOTO 3B'SI3KY; 0L — 3HAXOJUTHCS 3 YMOBH

NEPETUHY MOJIEIBHOI 1 pealibHOI MOTEHUIMHUX KPUBHX 3 Biccio R.

+E A

Mix’saepHa BiacTanb, R

@)

Enepris ximigHOTO 3B's13KY, E

|
T

P
<«

Pucynok 10 — Xapaxmepna ounamixa sminrosanns nomenyitinoi enepeii E(R)

XIMIYHO20 38 'A3KY SKOI 3a6200HO MOJEKVIU 810 HAOIUIHCEHHS ii 00 MOUKOB0O20

sapsoy: 1, 4 — monexkyna nezbypena, 2, 3 — 8i0n0o8ioOHO 3aps0 He2amueHuUll (—
1)i(=2); 5, 6 —8ionosiono 3aps0 nozumusnuil (+1) i (+2)

SIK110 BBECTU HOBY 3MIHHY ! = 2\/ 2MAR?y - €* / cex, TO piBHAHHSA (44)

MNEPCTBOPUTHCA 10 BUTTAAY:

1 2
— t— |t ——=—— |y =0, (45)
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JC BBGI[CHi HaCTyrIHi ITIO3HA4YCHHA .

1 2MAR 2 ,  2R?*ME
II+S+— = . S =
2 oh oczh2

3aIikaBJIeHICTb MOpeAcTaBiisge auckpeTHuid cmektp E<0. Sxkmro
1

npuiiaaT, Y (t) = t2@(t), To ogepKuMo piBHAHHS YiTTEKepa

q2
dt\2V+ _Z+ . +4t2 v =0, (46)

PiBusiHHS (46) Mae nBa JIHIMHO HE3AJIEKHUX PIIICHHS

Nuis+12 1 Woisir.

Jlist yTBOpEeHHsI 3B'S3aHOTO CTaHy NOTpPiOHA NpaBUJIbHA TOBEAIHKA
XBUJBOBOT (DYHKIIT HAa HECKIHYCHHOCTI. 3 M€l MPUYUHHM PIMICHHSIM MOXE

OyTH TUTBKH QYHKIIS My s11/:

11
M (t)s+5e_a o Wt Gment) o
n+s+% I!2s+1) 2!2s+1)(2s+2) .

SIkmo s 1 n OUCKpETHI, TO psAn y GIrypHUX Aykkax oOpuBaethes. lle
IPUBOANTE 10 YMOBH, kKoiu n = 0, 1, 2... . KonmBasibHI piBHI BU3HAYAIOTHCS
13 pIBHSHHS:

E™y ——Al1-— i L

2MAR 2
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Takum 4MHOM, BUKOPUCTOBYBaHHS (SIK HAOJMKEHHS 10 €JEKTPOHHOTO
TEpMy MOJIEKYJIM) TOTeHliay Mopca OpuBOAUTH 10 MPOCTOrO PIIICHHS
3aJ1a4l 3HaXOHPKEHHS KOJIMBAJIBLHOTO CIIEKTPY MOJIEKYJIH.

Ha puc. 11 mnokazaHi pe3yJpTaTd pO3pPaxyHKY KOJIMBAJIbHUX PIBHIB
mouiekynu NO, 1110 3HaxoauThbes y 30yxenux cranax (1/2, 0, 0) 1 (3/2, 0, 0).

[Ipu po3paxyHKy MaTpUYHHMX €JIEMEHTIB HEOOXiHO IPOBECTU
IHTerpaIio Mo KOOpAMHATax IEpIIOTro 1 JPyroro enekTpoHiB. g mporo
MOXHa TpeACTaBUTU BUpa3 1/rj, y Burisal poskinananHs Helimana B

SJITCOIHIN CUCTEM1 KOOPIUHAT:

1 2 & &L - (p—|7n|)!:|2
= — E E —1 2p+1 <
n> R pomp( ) ( P ip—|—|m| ;! ’

< P ()0 (AP (w)Ol (aey e ™ —72)

r, +71 r, —T . .
b1 (S N I =% P j=12-KOOpAMHATH €NEKTPOHIiB; A<, As —
R R
BelMMKa a00 MeHIma 3 A; 1 Ap; Pp|m|(k<) i Qp|m|(k>) npueaHaH] QyHKIT
Jlexanapa [ 111 pony.

B pe3ynbTaTi 004MCICHD OACPKIMO

E(ee); = 4. 3 1 (c +In 2b) + e3P EZ (—8b) x
—,00 R 40b2 20b
2
of 317 8bY . sp -13?(—41))-4b +e*® . E;(—4b)x
40b2 20b 5 15 15

-2
x| — 3 +1—l +L—L ><|:1—4-b-e4b-Ei(—4b)} ,
20b2 2b 5 8b 10 2b 3

ne ¢ — noctiiiHa Eiinepa.
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Eneprito enexkrpoH-enekTpoHHOI B3aeMo/Iii B ctanax (3/2, 0, 0), (5/2, 0,
0) 13 3a10BUIBHOIO TOYHICTIO MOXHa PO3paxoByBaTu No (popmymi (25), Ko
BEJIMUMHY b Bu3Hauatu 3 (14).

CHpoMOXHICTP  MOJIEKYJIM /10 y4YacTi y XIMIYHHX  pPEaKLifax
BU3HAYAETHCS PIBHEM i1 KOJMBAJIBHOTO CTaHy, TOOTO BIUIMB IOJIA 3apsly Ha
XIMIYHH 3B'SI30K MEPEBOJIE MOJIEKYIY J0 SIKOTOCh BU3HAUYEHOTO KOJIHBAIBHO-
30ymkeHoro crany. OcoOmuBo 11e¢ Oyae MOMITHUM MiJ 4ac 30UIbIICHHS
TEMIIEpaTypd CHUCTEMHU: UMM BHUILA TeMIlepaTypa, TUM Ha OUIbIIIN BIJACTaHI

BIJI 3apAly 31MCHIOETHCS PYUHYBAHHS MOJIEKYJIU.

E : : ¢ ; : : X ; : 2 1 2 3 4 5 5] 7 8 9
0 :
B R
-1 4
€ 2
31 a1
4 41
\
5 &4
8 ,6.
a 0
Pucynok 11 — Koausanwhi pisni monexyau NO: a — 6 cmani (1/2, 0, 0);
o—(3/2, 0, 0)

Brepiie po3po0ieHo MoIenb pO3paxyHKY €JIEeKTPOHHUX MOJICKYJISIPHAX
TEPMIB 3 ypaxyBaHHSIM €KpaHyBaHHS SICPHHUX IMOTCHINAIIB €ICKTPOHHUMHU
OCTOBAaMHM 3B'SI3aHMX EJEKTPOHIB. ArmpooOaliis Mojesl 3A1MCHIoOBajgacs Ipu

OI[IHIOBaHHI €JIEKTPOHHUX TePMIB JBOaTOMHUX MoJiekys CO, O,, Ny, LiH, H,,
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Li;, HClI Ta immi. OcobnmBa yBara MNpUAUISUIAcS PO3pOOINT METOIUKH
pPO3paxyHKIiB PIBHIB KOJUBaJIbHO-30y/KEHUX CTaHiB Mojekyn rasy [40]. L
pobOTH € ayXe BOXKIMBUMU TPH JOCHDKEHHSAX XIMIYHUX peEakIlii, 1o
MPOTIKAIOTh Y Ta3ax IMij 4ac eJIEKTPUYHOTO PO3PSAITY.

Y piBHAHHI OanaHCy KOJUBAJIbHOI €HEprii BXOJATh KOHCTAaHTHU
IIBUJIKOCTI, SIKI OMUCYIOTh PeaKcallilo MOJIEKYJ a30Ty BianoBiaHO Ha N 1 0.
He nuBnsumch Ha Many KOHIIGHTPAIIIFO aTOMIB KMCHIO Y MOBITP1 (CTallioHapHa
KOHIICHTpAILlisl KUCHIO JTOPIBHIOE 10" cm™ ), TOB’sI3aHa 3 HUMHM peJlakcarlis
HOCUTh HeaaladaTUYHU XapakTep 1 3a LIBUAKICTIO TOpIBHsUIbHA 3
penakcariiero Ha aszori. LIBuakocTi peakiii Ta penakcaiii 3HaXOIATHCA B
3aJIeKHOCTI B1JI KOHLIEHTpAIlil aTOMIB KHCHIO, Kl THHYTh TOJJOBHUM YHMHOM Y
TPUMOJIEKYJISIPHINA peakxiili 030HyBaHHS.

BcraHoBieHO, 10 TpU BUCOKOMY BHXOMAI OKCHIIB CYTTEBHHA BKJIA
BHOCATH TakoX mpouecu gookuciaeHHs NO. BcraHoBieHO Takox, IO
yrBopeHHs1 NO edeKkTUBHO 3A1MCHIOEThCS y MACHUBHIN (a3l 13 30epexeHHsIM
HEOOX1JHOrO CTYNEHI0 HEPIBHOBAXXHOCTI. AHAJOTIUHI pe3yibTaTH OAEpX aHi 1
st CO,. BaxiauBow 3arajlbHOIO SIKICHOKO OCOOJIMBICTIO HEPIBHOBAKHUX
MJIa3MOXIMIYHUX MPOLECIB, 10 CTUMYJIIOIOTHCS KOJIMBATHHUM 30YIKCHHSIM, €
Te, 10 Yac peakilii y macuBHIN (a3l HabaraTo MEHIIMK 3a 9ac KOJIMBAIBHOI
peakcartii.

CTifKICTh OKCHIy a30Ty B 3BOPOTHUX pPEaKI[iIX BHU3HAYAETHCA
TOJJOBHUM YHHOM 3a JIBOMa IlapaMeTpaMH: KOHIICHTPAIlIEI0 aTOMapHOTO
a30Ty 1 Temrmeparypor. Y TepIIoMy BHMAAKy 3aru0eib OKHCY a3oTy
HE3HAYHA 1 MOXKE€ BHUKOHYBATHUCS JIMIIE 332 YMOB MIJBUIIECHHS TeMIEpaTypu
kucHio 3a 1000 K. V npyromy Bunanky st 311MCHEHHs] 3BOPOTHHUX PeaKIi
MOTPiOHE MOA0JIAHHS BUCOKOTO aKTHUBAIIiHOTO Oap’epy 1 numre npu 1500 K.

3 TOYKH 30py €HEPreTUYHOi e(PEeKTUBHOCTI HAUOUIbII EPCIIEKTUBHUMU
€ TPOIIECH, IO MPOTIKAIOTh CEIEKTUBHO Yepe3 KOJIMBATHHO-30YKEHUN CTaH

MOJIEKYJI TIpU 3HAYHOMY BIIpUBI KOJMBAIBHOI TEMMEpPAaTypu  BiJ
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nocTynajnpHoi. Takl TpolecH, sK CBIAYaTh TEOPETUYHI PO3pPaXyHKH Ta
pe3yJabTaTh  €KCHEPUMEHTAIbHUX  JIOCHIPKeHb,  HAWOLIbII  MPOCTO
peanizytorbes y razax N,, CO 1 CO,, siKi HE TUIBKM 1HTEHCUBHO KOJIMBAJIbHO-
30yIKYIOThCS, a 111€ i BIIHOCHO MOBLIBHO PEAKCYIOTh.

3MiHIOBaHHS KOHIEHTparli kucHio Big 20 10 40% B a30THO-KHMCHEBIH
ra3oBlid CyMilll NPUBOJE 10 30UIbIICHHS pO3psAaHO1 Hanpyru Ha 15%. biibm
CYTT€BI  3MIHIOBAaHHS  BOJIbT-aMIIEPHUX  XapaKTEPUCTUK  PO3PALY

CIIOCTEPITal0ThCs IPU 301IbIIEHH] BMICTY 030HY B MOBITPI.
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3. MOJAEJIb KBAHTYBAHHS EJIEKTPOHA B IT1OJII
JIHIMHOT O JAHIIOJKKA I3 N KYJIOHIBCHbKHX LIEHTPIB

ExcriepuMeHTaIbBHO BCTAHOBJICHO, IO TIPH EICKTPUYHOMY PO3PSIi
XIMIYHI peakIlii MpPOTIKalTh B Ta3ax MDK HETaTUBHHUMHM, MO3UTHBHUMH Ta
HEUTpaJIbHUMU MOJIEKyJIamMu 1 atomamu. [logonanHs eHepreTuuHoro 0ap’epy
peaxiiil moJIErHIy€eTbCs NpU y4yacTl 30yKEHUX YaCTHMHOK. XIMIUHI peakiii
TaKOXX MPOTIKAIOTh MK MOBEPXHEBUMHU aTOMaMH METaNIB 1 30y KEHUMU
MOJIEKyJIaMH ra3y. B 1pboMy BHUNAAKy MOJENIOBaHHS IMOBIpHHUX (Di3UKO-
XIMIYHMX TIPOIECIB  3IMCHIOBAIOCS 3 ypaxXyBaHHSIM  OCOOJHUBOCTEH
JAHITIO)KKOBUX CTPYKTYP.

PosrisitHeMO KIHUIEBUM JMIHIMHWAN JIAHIFO)KOK aTOMIB 3aBIOBXKKHA R.
3apsi mepuioro aroMa IO3HAa4yuMMo 4epe3 Z,, a 3apsan N-ro yepe3 Z, B

SJITNCOIHIN cucTeMi KoopauHat (A, U, )

r, +71 I, — T
a b . _ b .
7\’=—7 H_—a

e T, 1 Ty, — BIJICTaHb BiJ] €JIEKTPOHA J0 nepioro 1 N-ro aroma BiJIOBIAHO.
Posrnsinemo MareMaTW4Hy 3ajady Mpo CTaH eJNeKTpoHa B moii N
KYJIOHIBChKUX HeHTpiB. [y miei moneni piBHaHHs peninrepa B aToMmHIN

CHUCTEMI1 KOOPAUHAT OyJie TAKUM:

Ay —[E-U®, 0]y =0, (47)

ne E — enepris enextpona, U — onepaTop MOTEHIIHHOI eHeprii cuctemMu N

KyJIOHIBChKUX 1eHTpiB. [IpencraBumo U(A, W, @) y HACTYTHOMY BH/Ii:
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UM )=£ Za , Zb +NZ_“ICD-(Z-X ) 48
9“’9([) R ?\,—FM 7\,—“ 1=2 1 1° Dl’l‘ﬂq) * ( )

Tenep 3anumemo noteHmian @; B AeKapTOBIA CHUCTEM1 KOOpAWHAT, IIPHU

poMy Bick OZ HanpaBUMO Bij 3apsiay Z, 10 3apsiay Zp.

Z;
N2
x2+y2+[z— R'l)
N -1

Ham pobumo mepexin Di(Zi, X,y,z) — O(Z;, A, 1, @), TpuU IBOMY

D, (Z;.x,y.2)= (49)

BUKOPHUCTOBYEMO HACTYIMHI CIIBBIAHOIICHHS

2
2
y? === (02 = 1)1~ p2)-sin 61
R?2 4 41
22 2.2 - A+ ———— | 2
“ 4( TN thL(N—l)zJ Y

[TincraBnsiemo y piBHsHHS (49) Bupaszu (50) — (52):

1
27, 4i 42 ) 2
@i(zi,x,p,(p)_R(x—J:m.[;g +H21+N11(N11)ZJ .
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[Ticns Takux HecKJIaAHUX nepeTBopeHs noreHmian U(A, W, ¢) npuiiMe BUA:

N-1

R

L @; (A, u,cp,l)}}- (53)

27, :
ne @i (A, p, )= m -gi (A1 ,1),
__2Z ! -1
" TRO ) >
| (L 20)(N 1) + 4idp(N —1) - 4i% |2
(A +p)(N-1)*

Toni (48) MoxHa IepenucaT HACTYITHUM YHHOM:

2 |z 7 Nl{ Z Z.
+ +

U?\I, , = 4 ! + — . 17\4’ ’ 7i
WNTRG) R {Mu on &l aen g uo )}}(54)

3HaHHA XBUILOBOI (PyHKIIT M moteHiiany U(A, u, ¢) 6e3 ¢i(A, U, @),
JA€ MOJKJIMBICTb BU3HAUUTH XBWJIbOBY (QYHKIINO s moreHuiany (54) mo

Teopii 30ypenHs 3 ¢pyHkIiero [ piHa TaAKUM YUHOM:

Vican =W(Za, 2y, Zi) + [ (6.1, 24,24, Z;) - ot', 24, 21y, Z; )
X Wi an(tsZa,Zp,Z;)- dr,
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1
, 27. 5 4i 4i2 ) 2
t', 20, 74,2 )= ——A—— | A —1 — =
Ac (D( >“~a>%b> 1) R(K+u) [ +u +N—1 (N—I)ZJ
&= 2z,

= > g (L. g.i).
S RO +p) 7

N-1
SIKIIO mO3HAYMMO Z, =Z1 + > .Z;, 2y =7, TO OJCPKUMO IIOTCHINAI,
i=2

110 BIJTIOB1/Ia€ PIBHSAHHIO (47), K€ B €MINCOITHUX KOOPAMHATAX MA€ BHI:

4 8 o . 9 \ O 4 o°
{R%@ —u2) {a(ﬁ _1)5 +$(1_ “2’au TR202 11— n?)eg? }}W " (59

+2-[E+ U, p)y=0.

JUist  KyJIOHIBCBKOTO MOTEHIIaTy IICIs MNPEeACTaBICHHS PILICHHS Y
Burisigl y = E(AM(U)D(@) piBHsIHHS (55) pO3ALISIETHCS HA TPU 3BUYAIHI

nudepeHLianbHI PIBHAHHS JPYTOro NOPSJIKY:

[8—22 + A }D(tp) =0,

op

[—(1— ) 2 A —u28+uZ‘—K}n(u)=0,

0 0 A2
Z (2 —-1)—-— +22e+AZ" + K [g(0)=0,
[m( Ton 217 VF }i( )

ne |A| — uine wuucno, e=ER*2; Z"=(Z, * Zy,)R, A(R) — mocriiina
poznuieHHs; D(@) = exp(iIA).

Buano, mo pimenns piBHsHHA [llpeninrepa mjist eiaexkTpoHa, 110
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3HAXOAUTHCA B TOJ1 N-KYJOHIBCHKMX LIEHTPIB, PO3TAIIOBAHUX Y30BXK
npsIMOi, 3BOJIUTHCSL JIO PIIIEHHS BXE€ BIAOMOI 3a/adil PO EJIIEKTPOH y MOl
JBOX KYJOHIBCBKHMX LIEHTPIB. SIK mpukiaa Ha puc. 12 nipuBencH1 3aJIeKHOCTI
E(R) enexkTpoHHUX TEPMIB JESIKUX JIHIMHUX JIAHLIIO)KKOBUX MOJIEKY L.

B pe3ynbTaTi (hi3uKo-MaTeMaTHIHOTO MOJICTIOBAHHS BCTAHOBJICHO, IO
CTIMKICTB JAHIIOKKAa BU3HAYAETHCS MOTO cKiIamoM, caiBBigHonieHHsM C/H ta
eHeprieo ximiyHoro 3B'si3ky C-C. Mipa CTIMKOCTI 3MEHIIYEThCS y Takiid
nocmposHocti: C,H¢ —CsHg —>CsH,¢ —CsH;,, BimmoBimHo m0 sgKoi
cuiBBigHomennss C/H 36impmyerscs (0,333 —0,375 —0,400 —0,416), a
EHEpris 3B'A3KYy 3MEHIIYEThCS. AJie JI0Ka3iB HEMAE, 110 Taka 3aKOHOMIPHICTh

OyJie aHAJIOT1YHOIO 1 JIJIs 1HIIMX BYTJIEBOIHEBUX JIAHITIOXKKIB.

+T Misx’sinepHa Bincrans R, A

N R S Y S

[
»

[I[JEnepris 3B's13Ky E.
|
(\9]

Pucynok 12 — Enekmponui mepmu Ha npukiaodi 0esaKux 8y2n1e600HesUX
nanyroxckie: 1 — CoHg; 2 — C3Hgy 3 — CyH oy 4 — CsHy
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Takum 4YUHOM, HaJlaHO TEOPETHUYHE OOTPYHTYBaHHS (Pi3MKO-XIMIYHOTO
MEXaHI3My BIUIMBY TOYKOBHX 3apsJlIB HEPIBHOBAXXHO1 HU3bKOTEMIIEPATYpPHOI
IJ1a3MH 1 BTOPUHHOI IIJIa3MHU, YTBOPEHOI 13 aTOMIB aHOJa y MPOMIKKY MIXK
€JIEKTPOJIaMH, Ha CTIMKICTh XIMIYHHUX 3B’A3KIB MOJIEKYJ ra3y HOBITPSHOI
atMocepu. Po3pobieH1 TeopeTHuHI OCHOBU JMHAMIKH BHCOKOIIBHIKICHUX
CEJICKTUBHMX  XIMIYHUX  peakiid, mo oOyMOBJ€HI O0’€MHUMH 1
MMOBEPXHEBUMHU TPOIECAMH Y HEPIBHOBAXKHIM HU3bKOTEMIEPATypHIi Tu1a3Mi
razoBoro pospsay. @i3uKo-MaTeMaTU4HI MOJI€JII  BUKOPUCTAHI IS
BUPILIEHHA NTPOOJEMU HETraTUBHOIO BIUIMBY JyroraCHWJIbHUX IPOLIECIB B
000JIOHKaX BHOYXO3aXMIIEHUX Ta PYJHUKOBUX amapariB, Ha MOPSIAOK
MIJIBUIUTH HAIIAHICT, pOOOTH IIAXTHUX Ta PYJAHUKOBHUX amapariB 3aXHUCTY
Ta KEpyBaHHS TE€XHOJOTTYHUMHU KOMILIEKCAMHU.

CTBOpeHa METO/JMKAa KBAaHTOBO-MEXaHIYHUX PO3PAXYHKIB € HOBOI Yy
KBAaHTOBIM XiMii. 3a [JOIOMOTOI0 METOIMKU 3'IBISIETHCI MOXKJINUBICTH
OJICP>)KYBaTH Taki TEOPETUYHI pPe3yibTaTd, L0 Nepea0adyroTh IMOBEIAIHKY
YaCTHUHOK $IKOT 3aBrOJHO PEYOBUHHU IPH iX B3aemojii. ToOTO MeTOoMKa MOXKe
HaJaBaTh TMPOTHO3HY, aji€ TOYHY OI[HKY IMOBIpHUM (i3UKO-XIMIYHUM
CLIEHapisiM, IO MPOTIKAIOTh Y PEYOBHUHI M1J] Yac TUX YU 1HIIUX 30ypPEHHSX.

3apsKeHl TOBEPXHEBI CTPYKTYPHM KOHJCHCOBAHHMX CEPEIOBHIII,
KJIACTEPHI MOJIEKYJISIPHI CHUCTEMH Ta 1HIII YacTO OMNHUCYIOThCA 3a
JOTIOMOT0I0 JIIHIMHUX aTOMHHUX JIAHIIOXKKIB. Y 3B'SI3Ky 3 IIUM BHpIIIcHA
3a/1a4a KBAaHTYBAHHS €JE€KTpoHa B Mol N-KyJOHIBCbKUX LIEHTPIB. 3HANIEHI
NIePETBOPEHHS T03BOIIIIH 3BeCTH piBHsIHHSA [lIpeainrepa as naHIokka 10
JBOIICHTPOBOI 3a7adi. Pa3oM 3 1iumM, ojepkaHo aHAJITHIHE PIMICHHS 3aaa9l
PO BIUIMB TPETHOTO KYJIOHIBCHKOTO IIEHTPY Ha JIAHIIOKKOBY CTPYKTYPY.

Takum dYMHOM, OCHOBHI (DI3WYHI YSBICHHS TMPO EJIEMEHTapHI aKTH
XIMIYHMX pEaKIlii BUKJIQJCHI Ha MPUKJIAIl peakiii B rasi. [Ipore momioHy
iH(opMaIlit0 aBTOpPU BUKOPUCTOBYBAJIM NPHU JOCIIKEHHI MPOIIECIB Ha

TBEpAMX TMOBEepXHsIX [9], Ha Mexi posnoaury a3 [41]. bararo skicHuX
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O0COOJIMBOCTEN camMOro akTy XIMIYHOTO TIEPETBOPEHHS B Ta3l 1 B
KOHJICHCOBAaHOMY CEpPEJIOBHUILI OJHAKOBI, aj€ B MEpPIIOMY BHUIAIKy BOHU
BUCTYMAalOTh B YKHCTOMY BHWIJIAMI, HE YCKJIQJHEHI MPOOJIEMOI0 B3ae€MOJIIT
pPEaKLiitHOrO IIEHTPY 3 CEPEIOBULIEM.

JIns OLIHKM CTIMKOCTI aTOMHO-MOJICKYJISIPHUX CHCTEM PO3POOJIeHO
(d13MKO-MaTEMaTUYHy MOJIENb PO3PaXyHKY €JEKTPOHHUX TEPMIB MOJIEKYJ 3
BUKOPUCTAHHIM KBAaHTOBO-MEXaHIUYHOI MOJIEJIl BU3HAYEHHS CTaHy €JEeKTPOHa
B TOJII JIBOX KYJIOHIBCHKUX IIeHTPIB. PO3po0seHo HOBIM MIJXiM, 1110 BPaXOBYE
NOJISIPU3AIiI0 €JIEKTPOHHUX OCTOBIB MpPH IX B3aEMHOMY BIUIMBI OJIMH Ha
OJIHOTO, OTpUMaHi pimeHHs piBHsAHHS [lyaccoHa B emincoigaibHIA cHUCTEMI
KOOpAMHAT JJI HAXOJ)KEHHS IMOTEHIaNIB, SKI YTBOPIOIOTHCS BaJICHTHUMU
eJIEKTPOHAaMHU, 110 JI03BOJISIE BPaXOBYBATHU JI01ATKOBE €KpaHYBaHHS SIIEPHOTO
NOTEHI1aTy €JEeKTPOHAMU, 110 3a0€3MeUy0Th XIMIYHUI 3B’ 130K B MOJIEKYII.

Bnepiie Oynu BcTaHOBIIeHI (i3W4HI SIBUIA, BU3HAYEHI 1X SIKICHI Ta
KUIBKICHI TMapaMeTpu, $KI MNPU3BOAUIM JO KaTacTpoPiyHO IMIBUAKOTO
pyiiHyBaHHS anapariB ynpaBiiHHS i 3axucTy Ha 660 ta 1140 B. Pesynbratu
OUX JOCHIJKeHb BU3HAYWIM LUSIXM  MOAAJBIIONO  YAOCKOHAJICHHS
BUOYX03aXHINEHUX Ta PyJIHUKOBHX €JIEKTPUYHMX arapaTiB Ha HANPYTy BUIIE
500 B. bynmu cTBOpeH1 KOMyTaIliiHI amapaTd 3 TepPMETH30BaHUMHU Ta 3
BaKyyMHHUMH JyroraCWJIbHUMHU KaMepaMu, TE€pPMIH CIykOu sAkux 5...6 1
Ounbie pokiB. BUpoOHUIITBO TakuxX amapaTiB B YKpaiHi OyJo HaJIaroakKeHo
Ha Tope3bKoMy €JIeKTPOTEXHIYHOMY 3aBOJII Ta MiANPUEMCTBI ,,[lonsapon”™ M.

JIbBIB.
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BUCHOBOK

BcTranoBneHo HOBe siBHINE PYyHHYBaHHS XIMIYHUX 3B’SI3KIB MOJIEKYJ Y
MOJII TOYKOBOT'O E€JIEKTPUYHOrO 3apsily, Ha MiACTaBl SIKOTO 3alPOIIOHOBAHO
GIBUYHUA MEXaHI3M KaTaNTUYHOI Jii TOYKOBOTO 3apsjay Ta pPo3pO0JICHO
KBaHTOBY JUHAMIKY €JIE€MEHTapHUX aKTIB, 110 BiA0OpaxaroTh (P13UKO-XIMIYHI
O0COOJIMBOCTI BHUCOKOIIBUAKICHUX pEakiiii B PYIHHKOBIM aTtmocdepi,
0OyMOBJIEHUX 00’€MHHMMM Ta MOBEPXHEBUMH IPOILIECAMHU Yy HEPIBHOBAXKHIN
HU3BKOTEMIIEpaTypHi TU1a3Mi Ta30BOr0 po3psiay.

Hanano teopernune oOrpyHTyBaHHsS (I3UYHOTO MEXaHI3MY BIUIUBY
TOYKOBUX 3apsAJliB HEPIBHOBAXKHOI HHU3bKOTEMIIEPATYpHOI 1 BTOPHUHHOI
Wa3Md y TPOMDKKY MIDK €JIEeKTpOoJaMy Ha CTIMKICTh XIMIYHUX 3B’S3KIB
MOJIEKYJI, IO JO3BOJWJIO BHUPIIUTH MPOOJEMYy HETaTUBHOIO BILUIUBY
JQYyTOTaCWJIBHUX TIPOLIECiB B BHOYXO3axXHUIIEHUX OOOJOHKAX 1 Ha MOPSIOK
MIJBUIIUTH HAIIAHICTh pOOOTH IIAXTHUX Ta PYJAHUKOBHUX amapariB 3aXHUCTY
Ta YNPAaBIIHHS TEXHOJOTTYHUMH KOMIUIEKCAMHU.

Brnepiie B 06acti KBaHTOBOI XiMii po3po0iieHO (i3HMKO-MaTeMaTUIHY
MOJIE]b TMOBEAIHKM XIMIYHOTO 3B'SI3KY MOJIEKYJM B TIOJII TOYKOBOTO
CJIEKTPUYHOTO 3apsay — KYJOHIBCBKOTO LEHTPY Ta MOJETIb JHUHAMIKH
€JIEMEHTapPHOr0 aKTy XIMIYHOI peakiiii y rasi miJ 4yac BIUIMBY 30BHIIIHBOTO
nosisi. OCHOBHY TEOPETHYHY TPYAHICTh MPEACTABISAIO PIIEHHS 3a7adl Mpo
MNOBEJIHKY JBOATOMHOI MOJIEKYJIM B TMOJi KYJOHIBCBKOTO ILEHTPY (10HY
MeTaldy) TOMY Yy JaHiid poOoTi OyluM BUKOPUCTaHI pe3yjbTaTH HaIIUX
MOTIEPEIHIX JTOCIIKEHb B 00JIaCTI KIHETHKH yTBOPEHHS HOBOI (a3u. Jleski
OCHOBHI OCOOJIMBOCTI BUPIIIIEHHS 33724 3alpPOTIOHOBAHOT MO/JIEN HACTYTIHI.

Pimennst piBasiHAs [lyacoHa (ycepeaHEHOTro 1Mo HampsiMax B IMPOCTOpi),
3HAWIEHI B HAONMKEHHI IEHTPAJIbHOTO TMOJs E€JIEKTPUYHOrO MOTEHINaly,
CTBOPIOBAHOTO 3B'S3aHUMH €JEKTPOHAMH. 3apsiau sapa, MO0 BXOASTH B

oJiepKaHl BUpa3H, po3paxoByBaiucsa 3a npaswioM Crerepa. Po3poOnenuit
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HOBMM MIJX1J, SIKMM BPaxOBY€E TOJISPHU3AIII0 €JIEKTPOHHUX OCTOBIB TIPH IX
B3a€EMHOMY BIUIMBI OJIMH Ha OJHOro. Pa3oMm 3 1um, ojepKaHi pillIeHHS
piBHsiHHA [lyaccona B emincoiganabHIM CHUCTEM1 KOOPAWHAT JJIS 3HAXOKCHHS
NOTEHI1aTIB, CTBOPIOBAaHUX BAJICHTHUMHU eJekTpoHamu. Lle no3Bomsie
BpaxyBaTH JOJATKOBE €KpaHyBaHHA SEPHOTO MOTEHIIAY €IeKTPOHAMH, 1110
320€3Me4yI0Th XIMIYHUHI 3B'A30K B MOJIEKYJIl. Po3paxyHkH mokasanu, 1o Taka
MOJIeIb J03BOJIAIE HaJaBaTH HE TUIBKU SKICHY, ajie W KIJIbKICHY OIlIHKY
MOBEJIIHKUA JBO- 1 TPUATOMHUX MoJieKyJs. CiiJl miAKpeCIuTH, 0 MOJAEIbh HE
nepeadavyae SIKMX-HEOyJb 1HIIUX B3aEMOIN, a Jla€ JMIIE MOXKJIUBICTb
3pO3yMITH IUHAMIKY €JIEMEHTAPHOTO aKTy XIMIYHOI peakiiii, ToOOTO B3aeMOJi1
OJIHIET MOJIEKYJIU 3 OJJHUM 10HOM TI€BHOI BaJICHTHOCTI.

Brnepiiie BcTaHOBIIEHI 3aKOHOMIPHOCTI MOBEIIHKK XIMIYHOTO 3B'SI3KY 1
fioro eneprii E(Z™;R) y mpucyTHocti ioniB (ne E — eHepris ximiunoro
3B'sI3Ky, R — BiJcTaHb Mik aTomMamu, Z+ — 3HAK 1 BEJIMYMHA 3apsiAy 10HA)
3QJIEKHO BIJ BIJICTaHI MDK MOJIEKYJIOIO Ta 10HOM, BaJEHTHOCTI 10HA,
HAIMpPY>KEHOCT! 30BHIMIHBOTO EJIEKTPUYHOTO TMOJS Ta I1HIIMX MapameTpiB.
OckisbKu peanpHa TemmepaTrypa (Qpi3u4HOi, XiMigYHOI Ta 010J0TIYHOT CHCTEM
3aBxau nepepunrye 0 K, To He BaXKO 3pO3yMiTH, IO 13 30UIBIICHHSIM
temmneparypu ¢yukiii E(Z;R) MatuMyTh TEHIEHI{I0 0 GilbII CHUIbHOI
NOJIOKUCTOCTI. TOOTO 30UIbIIEHHS TEMIEpaTypu CUCTEMH MPUBOIUTH JO
PO3pHBY 3B'SI3KIB MOJIEKYJ Ha TaKMX BIJICTAHSAX BiJ TOYKOBHX 3apsiB, SKl
NEPEBULLYIOTh Y pa3u XapaKTEpHI MIXKaTOMHI BIJICTaH1 Y TBEPAOMY TLI.

BcranoBneHo, mo BiACTaHb BiJ 10HA, HA SKOMY BiJIOyBAa€THhCS PO3PUB
3B'SI3KY, pOCTE 13 301JIbIIIEHHSIM BaJICHTHOCTI 10Ha, TYCTUHHU PO3MOJALTY 3apsIiB
Ha TOBEPXHI a00 13 30UIBIIEHHSM TEMIIepaTypH 3a 1HIIUX PIBHUX YMOB Ta 13
3MEHIIIEHHSIM €Heprii 3B's13ky MoJiekyu. Tak y mosnekyn CO, po3puB 3B's3KiB
B1JI0YBA€THCA HA OUIBIIMX BiACTaHSIX Bif 3apsay Hixk Mosekyn CO.

Po3pobiiena Mojiens po3paxyHKy e1eKTPOHHUX MOJIEKYIISIPHUX TEPMIB 3

YpaxXyBaHHAM CKPAHYBAHHA AACPHUX HOTCHHiaJ'IiB CICKTPOHHUMU OCTOBAMU
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3B'SI3aHUX E€JIEKTPOHIB. AmpoOaliisi Mojael 31MCHIOBalacs MPU OIIHIOBAHHI
CJIEKTPOHHUX TepMiB aBoaToMHUX Motiekyn CO, O,, N,, LiH, H,, Li,, HCI Ta
i1, Oco0nuBa yBara npuauisuiacs po3pooOill METOJUKH PO3paxyHKIiB PiBHIB
KOJIMBAJIbHO-30y/DKEHUX CTaHiB MoOJeKyla razy. Ili pobotu € myxke
BOKJIMBUMU TIPH JOCITIDKCHHAX XIMIYHUX PEaKIlii, 110 MPOTIKAIOTh y MOBITPI
MiJ] 4ac eJIEKTPUYHOTO PO3pPsiAy B razax.

Bigkpura HOBa 3aKOHOMIPHICTh PO3BUTKY BHCOKOIIBUAKICHUX (h13UKO-
XIMIYHUX peakiiii B pyIHHUKOBIH aTtMocdepl, oOymoBieHa 00'€eMHUMHU 1
MOBEPXHEBUMHU MPOLIECAMHU Y HEPIBHOBAXKHIM HU3BKOTEMIIEPATYpPHIH Mia3mi
ra3oBOoro po3psAay, IO CYOPOBOKYIOTbCS pPYyHHYBaHHSM MOJEKYJ Ta
YTBOPEHHSIM HOBHUX CIOJYK MiJ BIUITUBOM €JIEKTPUYHOTO TOJII TOYKOBHUX
3aps/IiB SIK KaTalli3aTOPiB XIMIYHUX MPOIIECIB.

OCKUIbKM OCepeKHU IUIa3MH ]l Yac pO3psAay BUHUKAIOTh HE TIJIBKHU Y
rasi, a 1 Ha METaJIEBUX MOBEPXHAX KATOJy BUPINIYBAJIOCS MUTAHHS BIAHOCHO
CLIEHApil0 MOBEPXHEBUX XIMIYHMX peakuiid. BcTaHOBiEeHO, 110 AJig PO3PUBY
XIMIYHOTO 3B'SI3KYy HEOOXIJTHOIO 1 JOCTaTHbOK YMOBOK € HasBHICTh
TOYKOBOTO 3apsAly, Misl MOro moJsi Ha MOJICKYJIY B MpoIeci 30JUKEHHS
MOJIEKYJIM 13 3apsS0M Ha BIACTaHb, MPHU KN 3B'SI30K MOJEKYJIU PYHHYETHCS.
B misoMy 3k akTHUBHICTH XIMIYHHX pEakilii Ha TMOBEPXHAX pOCTE 13
30UIBLIEHHSIM TEMIIEpaTypu CUCTEMHU 3a PAXYHOK 30UIBIICHHS aMILITYIU
KOJIMBaHb MOBEPXHEBUX ATOMIB.

Po3po0iieHnii KBaHTOBO-MEXaHIYHUW METOJ PO3PaXyHKY CTIHKOCTI
pPEYOBMHH, 3aCHOBAHUW HA PIllIEHH] 3a/1a4yi Mo pyX €JIEKTPOHA B IMOJI JBOX
KYJIOHIBCHKHUX IIEHTPIB, LII0 BPAXOBYE BILUTUB TPETHOTO KYJIOHIBCHKOTO LIEHTPY
Ha XIMIYHMM 3B'I30k. MeTton anpoOoOBaHUN MpU PO3pPaxyHKY CTIMKOCTI
JHIAHUX JIAHITIOKKIB aTOMIB BOJHIO 1 ByTJieio. OepkaHi eeKTPOHHI TepMU
1 MDKAaTOMHI BIJCTaHi 3a/JI0BUIbHO Y3TO/KYIOTbCA 3 €KCHEpUMEHTaIbHUMU
JTaHUMH. PillieHHs KBaHTOBO-MEXaHIYHOI JBOIIEHTPOBOI 3ajiayul y3arajabHEHO

Ha N-KyJOHIBCHKHX IeHTpH. Llel miaxia 103BOJMB OjepKaTh PIllIeHHS 3a7a4i

70



KBaHTYBAaHHS €JEKTPOHA B MO JIHIKHOTO MOJIEKYJISIPHOTO JIAHITIOXKKA.
3okpema, MOoKa3aHo, 10 MpHU 30UIBIICHHI KUIBKOCTI BaJCHTHUX EJIEKTPOHIB
MIIBUIIYETHCS MIHIMYM €HEpPTii JIAaHIFO)KKA 1 30UIBIIYIOTHCS MIKIICHTPOBI
BijicraHl. [Ipy mNEBHIN KUIBKOCTI «3aliBUX» €JIEKTPOHIB JIAHIIOKOK CTa€e
HECTINKUM.

3a qaHuMu OoQpiUIMHMUX JKepen 1HPopMallii 3 KOKHUM POKOM 3pOCTae
HEraTUBHUU BIUIMB PE3YJIbTATIB IISIIHOCTI JIIOJIMHUA HA CTaH HABKOJHUIITHBLOTO
CepellOBUILlA, 3aryMOJIOIOThCA  BCTAHOBJIIEHI  paHimie mnpoOjieMu  Ta
YCKJIQJIHIOETHCS iX BUPILICHHS], 301JIBIIIYETHCS YUCIIO 1 KOHIICHTpAIlls BUKHU/IIB
aHTPOIIOTEHHUX PEUYOBMH Yy artMmocdepy 1 Take 1HmIE. 3Ha4HA YacTHHA
aTMoc(epHUX BUKHU/IB, 1[0 OOYMOBJICHA TOPIHHSAM NajduBa, HAAXOJUTh BiJl
TEIJIOBUX €JEKTPOCTaHIIi. BHecok y 3a0pyaHeHHss aTMocdepH 13 MOpPIYHUM
30UIBLIEHHSAM TEMIIIB POOJATH MIANPUEMCTBA XIMIYHOI, METalypriiiHoi Ta
HaTomepepoOHOi ramy3ei. [OJOBHMMH KOMIIOHEHTaMH 3TOPSHHS Ta
nepepoOKu XIMIYHOI TPOMAYKINI € OKCHUAM BYIJCII, CIPKH, a30Ty.
3anpornoHoBaHa MOJIENIb MOKE OyTH KOPUCHOIO Y MPOEKTYBaHHI 3aMO01KHUX
3aXOMIB MO0 3HWKEHHS HAaBaHTAXCHHS HA  CKOJIOTIYHUH  CTaH

HaBKOJIMIDHLOTO CCPCAOBHUILA AHTPOIMOICHHUX PCUOBHH.
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