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BMJIMB MATHITHOI O NOJ1A HA PEAKLIII Y BOOHUX PO3YMHAX

AHanisyTbcs YMOBMU, 32 AKUX MOXK/IMBUM BMNJIUB MarHiTHOro nons Ha
peakuil y piamHax. MarHiTHux edpekTiB y XiMiYHUX peaKuiaX, 3B'A3aHUX
3i cNiHOBUMM MOMEHTaMM, MOXKHA O4iKyBaTH B peaKLUifX 3a y4acTio pa-
AVKanbHUX Nap, AKi MaloTb BenuKi Ag a6o 3 BeNMKUM 3HAYEHHAM eHe-
prii HTB Ta pocTaTHbO NOBiINILHOK MOJIEKYIAPHOIO AUMHaMiKo. HaBo-
AATbCA pe3ynbTat [2] cuH rneT-TpunneTHo! eBonoUil Napu B KoMipui
peakuii nia aiero nons Ta il BNIMB Ha Xif peakuin 3 y4acTio pagukanis.
BnamB marHiTHoro nons Ha kpucrtanisauito CaC0; MOXKHa NOACHUTH
YTBOPEHHSIM NepexiAHOro KOMMAeKCyY BHACNIiAOK paAuKanbHOro Mexa-
Hi3My genpoToHi3sauii iona HCO3 - CO3 "+ H'.

Knrouosi cnoBa: marHiTHi epekTu, cniHOBi MOMEHTU, CUH rNeT- TpunneT-
Ha eBOJIOLIA paAMKasibHOI Napy, paauKanbHUMA MeXaHi3M AenpoToHi-
3auii iona HCO3'.

MarHiTHi BNacTUBOCTI BOAHUX PO34YUHIB BW3HAYAKOTLCA eNleMeHTa-
PHUMM  MArHITHAMM MOMEHTaMW €efIeKTPOHIB Ta sgep, WO BXoAATb Yy
CKNapg 1X CTPYKTYPHUX OAMHULUDB, @ TAaKOXX MarHiTHUMU MOMEHTaMu 3aBU-
CNINX KOMOIAHMX YacTUHOK Yy depoMarHiTHOMy Ta cynepnapamarHiTHOMy
cTaHax. CyTTeBUM BNAMB Ha MarHiTHi epeKkTn B XiMiYHUX peakuisx Mae
MOJIEKYJISpPHA OMHAMiKa KOMMOHEHTIB, KA Ha MaKpOPiBHI XapaKTepusy-
ETbCSH B'A3KICTIO CepeaoBuLLa.

OcHoBHMI edeKT Ail MarHiTHOro Noss Ha NPoOLEecH, Wo MOXYTb Bif-
byBaTuca y pi3anKo — XiMiYHUX cucTeMax, NOB'A3aHUN 3 MOHUMKEHHSAM CU-
MeTpil NpocTopy BiA CPepunyHOl A0 aKCianbHOI i Ail MAarHiTHOro Nons Ha
QHI30TPOMHI CUCTEMU, AKUMU € MIKPOCKOMIYHI TA MAKPOCKOMIYHI MArHiTHi
MOMEHTU. HuMKye po3rnspatoTbCsd KOHKPETHI MexaHi3MWu Ail MarHiTHoro
noas Ha NPoLEecK y BOOHUX PO3YMHAX.

1. MikpocKoni4yHi MarHiTHi MOMEHTU Ta IX Posib B peakuUiax

Bigomo [1], W0 eNeKTpoHU Ta HYKIOHW BOMIOAIOTL BTaCHUM MeXaHi-
YHMM MOMEHTOM iMNyfbCy — cniHOM. Hanpuknapg, cniH enekTpoHa Ta
NMPOTOHA TaKnM
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S=hs(s+1). p- 1. (1)
2n
S — CNiHOBE KBAHTOBE YMCJ0, AJ1S eIEKTPOHA Ta NPOTOHA BOHO piBHe 1/2;
h — ctana NnaHka.
Ins sanep cniHoBe KBaAHTOBE 4YMC/I0 MOXe 3MiHoBaTucs Big 0 no
N/2, N — uyncno HyKnoHiB y sapi, NpMnUMatoumn K Lini, Tak i ApoboBi 3Ha-
yeHHs. [poeKuisa cniHy Ha BUAINeHUN HanpsaM (HanpuKknag, 30BHILHbOIO
MarHiTHOro nons) TexK AUCKpPeTHa
S, =hm, (2)
ONa eNeKTPOoHIB Ta NpoToHiB m = +1/2. OTxe, cniH He diKCyeTbCA y Npo-
cTopi, a npeuecye, avBe. puc. 1, BiAHOCHO BUAiNeHOro HanpsaMy (akcianb-
Ha CMMeTpis) 3 KyTOM npeuecii

Cos 0= S—Z (3)
S

[ns eneKTpoHIB Ta NPOTOHIB iCHYIOTb ABI NPOEKLUil CNiHYy — B3A0BX i
NPOTWU HANPSAMY NOJISA, KaXKyTb, WO MY/IbTUMNNETHICTb TAKMX YAaCTUHOK piB-
Ha OBOM (monycTMMi ABa CTaHW 3 Pi3HUMK NPOEKLiAMM CMiHy Ha BuAine-
HUA HanpsaM). B3arani » MynbTUNAETHICTb iOHIB YM MOMEKYN [Oa€ETbCsA
BUPA30OM

M= 2S+1. (4)

Hanpuknag, Monekynu KUcH MawTb S = 1, BiANOBIAHO X MynbTu-
NNeTHICTb piBHA 3, @ MarHiTHe kBaHToBe Yncno m =0, 1, -1. Takun Habip
CTaHiB HAa3MBalOTb TPMMAIETOM. FKLLO YaCTMHKA Mae cniH S = 3/2, To Ha-
Bip 1l 4 - X CTAHIB HA3UBAOTb KBAPTETHUM.

CyMapHui cniH gBox pagukanie moxe 6yTtu piBHum 0 1a 1. OTxe,
CNiHOBMI CTaH paguKanbHoOl napu Moxe 6yTu TpunnetHum (S = 1) um
cuHrnetHum (S = 0). CyMapHUI cniH MOMIEKYIM KUCHIO Ta paguKana MoxKe
6yTn piBHMM 1/2 a6o 3/2. Tob6To cnucteMa ix cTaHiB Moxe byTu nybneTom
abo kBapTeToOM. 3 MexaHiYHMM MOMEHTOM YACTUHOK NOB'A3aHUIN MarHiT-
HUM MOMeHT. [1na eneKkTpoHa

Ue = - g(us/h)S, (5)
us — MarHetoH bopa, g - ripomarHiTHe BigHOWeHHs (BiOHOLWEHHS MarHiT-
HOro MOMEHTY [10 MEXaHi4yHoro).

[na BiNbHOro eNneKkTpoHa g = 2, a ANs pagMKarniB 3MiHIETbLCA B Me-
»ax Big 1.9 po 2.2 3aBpAKM AOMiWKaM opbiTanbHOro MoMeHTy. Pi3HUM
3HAYEHHSM NpPOEKUiN MEeXaHIYHOr0 MOMEHTY Ha HanpsiM 30BHIWHbLOrO
MarHiTHOro Mons BiANOBIAANTb Pi3Hi NMPOEKUil MarHiTHOro MOMEHTY, a
came

Hez = - 8 Up M. (6)
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BignoBigHo, eHepril eNeKTPOoHa B MarHiTHOMY MOJi TeX Pi3Hi
E = pe,H.

Habip eHeprin, wo BiANOBiA3aE O4HOMY MyNbTUNETY, HAa3MBaKTb
3€EMaHOBCbKUMMN eHepreTUYHNMM CTaHaMmu. [lepexoan MiXK enNeKTPOHHU-
MU CMIHOBMMW CTaHaMu PiKCYOTbCA METOAO0M €JIEKTPOHHOro napamarHi-
THoro pe3oHaHcy (EMP), a Mix saepHUMKU — 94epHOro MarHiTHoro peso-
HaHcy (AMP).

3ayBaXKMMoO, L0 B €/IEMEHTApPHMX aKTax XiMiYHUX peaKLin MOBUHHI
BUKOHYBATUCSA 3aKOHKN 36epe)KeHHs eHeprii, iMny/ibcy Ta MOMEHTY iMny-
Aibcy. HacnigkoM nepwmx ABOX 3aKOHIB € BUHMKHEHHS NMPOMiXKHOro 36y-
OXKEHOro CTaHy NPOAYKTIB peaKuil i nepegaya HapgULWKY eHepril Ta iM-
NynbCy TPETiM YAaCTUHKaM Ansa nepexony NPOAYKTIB peakuil B OCHOBHUN
CTaH, a [ia 3aKoHy 36epeXXeHHs MOMEHTY iMMynbCcy nonsira€ y 3bepe-
JKeHHi MoOBHOro cniHy pearyl4Ymx 4acTMHOK i BignoBigHow nepebynoBoto
€NEeKTPOHHUX 060NOHOK aTOMIB, 3a4iAHMX Y XIMIYHIN peaKuil.

30KpeMa, Npu 3yCcTpidi ABOX paAnKanis, sKi chopMyBanm cTaH 3 S =
1 (TpunneT), HEMOXKNMBE YTBOPEHHS NPOAYKTY peakuii 3 S = 0 (cuHrner).
Taki NpoAYyKTM MOXYTb YTBOPUTUCSA NMLIE 3 CUHINETHUX cTaHiB. lpoTe,
SIKLLO peaKuis BiabyBa€ETbCA Y KOHAEHCOBAHOMY CEpPeAOoBULLI i 3a Yac pe-
akuir T = 10" -10"¢ 3aBOSKM B3aeMopil 3 TpeTiMM YaCTUHKaMU 4u
30BHIWWHIM MarHiTHUM NoneM, y napi pagukanis BigbyBaeTbcs nepexig T
- S (Tpunnet - cuHrnet), To Taka 3pefdyKoBaHa napa 34aTHa 40 peakuii 3
YTBOPEHHSM CUHIIETHOIO CTaHY.

CoopMynoeMo yMoBM [2], npu AKMX cMiH NOYaTKOBOI Mapu MoXe
3MIHUTUCS B NpoLEeCi peakuil:

1. MNepepn peakuiclo noBuHeH cpopMyBaTUCS CTaH, Yy AIKOMY cyMap-
HUI cniH MoXke 6yTH pi3HuM (Napa B KOMipUi peakui).

2. B napi noBMHHO ByTK OeKiNbKa CNiHOBUX CTAHIB, MiXK SKUMU MO-
XITNBI nepexoaum.

3. 3a yac peakuii B napi NnoBUHHI 6yTn MarHiTHi B3aemogii, aKi Mo-
XXYTb BUKJINKATN Nepexoan 3i 3MiHOK CNiHOBOro cTaHy napm.

TakuMn B3aeMoAiaMM MOXyTb OyTM cniH — opb6iTanbHa, AMNONbHA
€NeKTPOHHA B3AaEMOAIS, €/IeKTPOHHA 3Ee€EMaHIBCbKa Ta  e€NEeKTPOHHO-
anepHa (HaaToHKa) B3aEMogil.

4. Mapa noBWHHA icHyBaTX [OCTaTHbO OOBro ANSA TOro, Wob MarHir-
Hi B3aeMoOAil MOrnx BUKINKATU NepPexoan MidXK Pi3HUMWU CMiIHOBMMU CTa-
HaMun. 3a NOPAAKOM BEJIMYUHM LLeN Yac NOBUHEH ByTu cniBMipHUM 3 obe-
PHEHOI BESIMYMHOK [0 eHeprii B3aeMofil, Wo BUKIMKAE nepexia. Ha-
npuknag, ons nons 3 HanpyxeHictio 80 A/M yac nepexogy cKnapae
(gH)'1 ~ 3107 ¢, wo Bignosigae yacy nepexoais EMMP.
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5. Baxnumeo, w06 o6MiHHa B33aEMOAIA MiXK eNleKTpoHaMn napTHepiB
napu byna cnaba, abo cniBMipHa 3 BE/IMYNHOIO MArHITHOI B3aEMogil, Lo
iHOYKY€E nepexogu y napi. Lla B3aeMopais BU3HAYa€ piBHI eHeprin cniHo-
BUX CTaHiB napu, To6To BigAanb MiX CUHINETOM i TpUnneToMm, oyoneToMm i
KBapTeToM i T.A4. Tak, CNiHOBI CTaHW NOBWUHHI ByTN ManXe BUPOLAXKEHUMMN,
abo BigOanb MiXXK HAMKU He NoBUHHA 6yTN HabaraTo BiNbLIOID, HiIXK eHepria
MArHiTHMX B3a€EMOAIN. |HaKwWe MMOBIPHICTb MepexoAdiB MiXK CMiHOBUMM
CTaHaMM Mana i KaXkyTb, W0 0OMiHHA B3aEMOLIS «3aMOPOIKYE» CMiHMW.

SAKWo nepeniyeHi yMOBN BUKOHYHOTbCS, TO CliH B pearyro4mx 4acTtm-
HOK MO)Ke 3MiHIOBaTUCS i Lje, 3@ NeBHUX YMOB, CYNpPOBOAXKYETbCSI MarHiT-
HUMU epeKTaMM B XiMIYHUX peaKLisiX.

PosrnaHemMo peakuito D + D (pekoMmbiHauis Ta gucnponopuitoBaHHA
pagukanie) [2]. Lia peakuis BubpaHa yepes TaKi MPUUUHU:

1. XiMi4Hi peakuil 3a y4yacTio pagmKanis 4OCTaTHbO NMOLMPEHI.

2. B papukanbHMUX napax efeKTPoH — eNIeKTPOHHI B3aeMogil cnabi,
TOMY MOXKHa 3HEexXTyBaTu CMiH — opbiTanbHOW Ta AMNONBLHOK B3aEMoOLis-
MU | 0BMEXKNTUCSH 3eEMaHIBCbKOI Ta HAATOHKOK B3aEMOLiIMU.

3. MarHiTHi edpeKTn HanacKpaBgile NPosSBNAKTLCSA CaMe B peaKui-
AX 33 y4yacTio pagukanis.

[na KoHKpeTHoCTI, cnipgytoumn [2], po3rnaHemMo pagukaneHy napy, B
AKiM oguH 3 papgukanie Ry Mae nuwe oaHe MarHiTHe aapo (npoToH), a

ApyrMn pagukan R, He Mae Takux
ﬁ apep. EHepris nepworo pagukany B
MarHiTHOMy noni piBHa E1 = g1ugH, a
apyroro E; = gopusH. Hexanm y nep-
d‘ WOMYy pafuKani € HaATOHKa B3ae-
MOLIS €eNeKTpoHa 3 TMpPOTOHOM, 3
T, T.

eHeprieto E,; = a'm, a — KOHCTaHTa
HaaToHkol B3aemogil (HTB), m -

NpoeKLuia CniHy Ha HanpsaM MarHiT-
Horo nonsi. CxeMa opieHTauil chiHiB
nmokasaHa Ha pwuc. 1. 3MicT No3Ha-
YyeHb Ha puc. 1 oyeBnaHun. EHepre-
TUYHI piBHi S Ta T — cTaHiB npeacTa-
BJIEHI Ha puc. 2. B cunbHOMy noni
piBHi T,, T. Ta Ty BigmaneHi, B cna-

6omy - Mmamxe BupogkeHi. 06MiHHa

Ty S eHepria, T06TO CUHrNeT-TpUnaeTHe
Puc. 1. CxeMa opieHTaUil eNeKTpoH-  po3LwensieHHa 2J, MycuTb ByTu Mma-
HUX CMiHIB Y paguKanbHin napi JI010, OCKiNIbKKN Le 3yMOBNKE edeK-

243



Cepis «TexHi4Hi HayKun»

Bunyck 2(74) 2016 p.

TUBHY TPUMJIET — CUHIIETHY eBOoJoLil0 napu (B pagvKanbHUX napax us
YMOBa BUKOHYETbLCS).

NMOBipHiCTb TPUNNET-CUHINETHOrO Nepexomy Pr.s NMPONopLiiiHa [0
KBagpaTy MATPUYHOrO eflieMeHTa, PO3Pax0BaHOro Ha CNiHOBUX GYHKLiAX
SiT cTaHiB 3i cniH — raMinbToHiaHOM H,

pr-s~ |<TIHIS>|?, (8)
raMinbToHiIaH H cknapaeTbcsa 3 eHeprii 3eeMaHiBCbKOI, 0OMiHHOI Ta Hag-
TOHKOI B3aEMopin

H= g1usH+g2pusH-J(1/2+25,-S;)+al-S;, (9)
S1, S — CNiHM HecnapeHuxX eneKTPOHIB NepLworo Ta APYroro pagukanis,;
| — cniH NnpoToHa; a — KoHcTaHTa HTB.

Pe3ynbTaT po3paxyHKy MaTPUYHUX €NEeMEHTIB TaKuUn

<TolHIS> = 1/2:( AgugH + a-m), (10)

Ag =g1-9gz m=11/2 (gnsa npoToHa).
<T.(-1/2)IHIS(+1/2)> =-(1/8)"?a, (11)
<T.(+1/2)IHIS(-1/2)> =(1/8)"2a. (12)

3 (11) Ta (12) 6aumMo, WO TPUNNET-CUHINETHI Nnepexoaun [O3BOJEHI
nvwe npu icHyBaHHi HTB i cy- T, - T
nposo,umyroTbcn_ nepeopieHTaui- . e Vv 0 ; ;T+
€l0 sgepHoro cniHy (3aBasku Bu- °  S—

H S \
KOHaHHS 3aKOoHy 36epexeHHs T T
MPOEKUiT MOMEHTY iMAYNbCY B pyuc 2. Cxema eHepreTMUHMX piBHiB
eJIeKTPOHHO-SAepPHI cucTemi).

Akwo pagukanbHa napa
B33AEMOJI€ 3 AeKiNIbKOMa aapamu,
TO CMNiH — raMifibTOHiIaH Mae BUrNaa;:

H= g1p5H + gzuEH - J(1 /2 + 25152) + ZaiIiSi + Za,-l,-S,- . (1 3)
I;, I; - cniHn BiANOBIOHMX fifep B NeplioOMy Ta ApyroMy pagukanax. Bia-
NMOBIAHO, MAaTPUYHI eNeMEeHTM TaKi:
<TolHIS> = 1/2:( AgusH +5 am® - £ am;°), (14)
m;®, m,-b— NPoeKLuil saepHNX CMNiHiB NepLoro Ta 4pyroro paguKkanis.

MaTpuyHi eneMeHTH, WO cToCcyTbCca nepexonie T - S 3 raminb-
ToHiaHoM (13) MaloTb Taku BUrNAA;:

<T..mi- 1IHIS, m> = -(1/8)"%a; [l{(li+ 1) - mi(m;- 1), (15)

<T.mi+ 1IHIS, mi> = (1/8)"%a; [l + 1) - my(m;+ 1)], (16)

3 dopmyn (15) Ta (16) BunnuBae, wo T. > S nepexoan cynpoBOAXKYOTbCS

nepeopieHTaUiel0 agepHux cnilie, npu T. > S nepexopi aaepHUN cniu

3MeHwyeTbca (M;+1 > m;), a npu T, > S nepexoai 3poctac (m;-1 >
mi) .

OT)Xe, NMOBIPHICTb TPUNET — CUHITIETHOrO Mepexony 3anexuTb

paguKanbHol napu. 3niBa — CUJibHe
none, cnpaea — cnabe
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BiA HACTYynHMX PaKTopiB:

1. OpieHTauil aaepHUX cniHis, TO6TO Big BEAUYMH m;° Ta mjb.

2. EHeprii HTB a i, BignoBigHO, MarHiTHOro MOMeHTY Si4pa, OCKiNb-
KM

a= 81'[/3;1.3L1n|\|1(0)|2 ,
He, Mn — MarHiTHi MOMEHTU enekTpoHa Ta sgpa, ly(0)|? - ryctuHa enekt-
POHHOIO CMiHy Ha aapi.

3. Pi3HMUi 3eEMaHIBCbKMX eHeprin enekTpoHiB AgugH, T06T0 Ha-
NPY>XeHOCTi 30BHILUHbOr0 MarHiTHOro nons.

lMepepaxoBaHi pakTopy BU3Ha4YaKOTb Pi3UYHY CYyTb Ta 3MICT MarHiT-
Hux epeKTiB B XiMiYHNX peaKuisiX.

Mo>kHa nokasaTtu [2; 4], Wwo MMOBIPHICTb HAapOAXKEHHA MOSIeKyn 3
TPUNIETHNUX Nap CTAaHOBUTb 102 - 102, a ans cunrnethnx 0.6-0.9. Lie
3HAYMTb, WO Y 3BUYAMHIN XiMIYHINA KIHETULI MOXXHA 3HEXTYBaTW BKIAL4OM
TPUNMETHUX nap.

OTke B KNacu4HiA KiHeTUUi MarHiTHi epeKTn He3Ha4yHi i MOXKHa
BBa)<aTy, WO CMiH B XiMiYHNX peaKuisix 36epiraerbcs.

2. BnnuB MarHiTHOro nosis Ha pagukanb

PaHiwe nokasaHo, WO MMOBIPHICTb HAPOAXKEHHS CUHINEeTHUX nap
BHACNiQOK TPMNNET-CUHINIeTHOI eBONKLiT He3HAaYHa MOPIBHAHO 3 CTaH-
OAPTHUM MEXaHi3MOM CUHINIeT-CUHIIeTHOI reHepaLil MoneKkyn 3 peary-
loOUNX pagnKkanbHux nap. lNpoTe y BUNaaKy KOHKYpeHUii peaKkui peKom-
6iHauii Ta gMcouiauii paguKanbHNUX nap, HaBiTb HE3HAYHA 3MiHA LWBUA-
KOCTi NPsAMOI YM 3BOPOTHOI peaKLin, MOXXe MaTM MaKpOCKONiIYHi Hacnig-
KV i NpUBOANTM A0 eKCNEPUMEHTANIbHO 3HAYMMUX Pe3y bTaTiB.

MarHiTHe none MoXxe BNAMBATU Ha T - S eBONOLIO paguKanbHOI
napv ABOMa KaHanamu:

1. 3aBOsKuK pi3HULUi g-pakTopiB pagukanis, ame. (10) Ta (14), uneH
AgusH.

2. Y cnabux nonax T->S esontuia BigbyBaETLCS 3@ y4acTO BCiX
cuHrneTHux ctarie (T,, T., To ), @ B cunbHux nonax ctaHum T,,T1a T.
BUKNYawTbca 3 T > S esontouil. Came uen ¢aKkT i € gpyruM KaHanom
BMAMBY NOJIA Ha WBWUAKICTb peakuil. BiH npautoe nuwe ToAi, Konn nepe-
xoam 3i ctaHiB T, 1Ta T. B S cTaH € BaX}JMBUMU JNA CUHINeT-
TpUNNeTHOI eBoONtOLIT, @ ue Mae Micue y Bunagky cunoHoi HTB B pagnka-
nax, OCKiflbK1 BOHa € NpMYKHOI0 Takux nepexoais, aus. (11), (12) Ta (15) i
(16).

Bnnuve MarHiTHOro nons Ha peakuii Takoro Tuny Bnepuwe 6yB [ocni-
mxeHuin MoninuMm, CargeesmM Ta Canixosum [4] B pigkodasHux peakuisax
dTOp3aMilLeHMX BEH3UNXNOPUAIB 3 BYTUANITIEM.
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ACL + LiB > |A°B°|s - pekoMbiHauia > AB,
- aucouiauis > A° + B° 5> AA, BB, AB. (17)
A° — paaukanu: C¢FsC°H,, n—-F — C¢H,C°H,, (C¢F5),C°H; B® - papukan
C,Hy. MonepegHnKkoM NpoaykKTiB € cuHrnetHa napa |A°B°ls. CnieBigHo-
LIEHHA NPOAYKTIB peKkoMb6iHauil B KoMipui Ta nosa koMipkoto [AB]/[AA]
3a/1IeXKUTb Bif, MarHiTHOro nons, guBe. puc. 3.

[AB]/[AA]
12 Puc. 3. 3anexHicTb BigHO-
LWEeHHS KOHLEeHTpaLin
[AB]/[AA] Big Hanpy»keHOCTi
MarHiTHOro Nons B peakuii b6y-
TUANITIIO 3 NneHTadpTOpOEH-
3MnXxnopuaomM, kpmea — (1),

n — ¢Top GEeH3UNXNOPNLOM —
(2) Ta nekadTopau-
deninxnopmeraHom — (3), 3
po6otun [4]

{,_

10

| |
0 4 8 12 16

H-10°, A/m

3 pUCYHKY 6a4MMO, L0 3aNeXHICTb Bif NONASA LbOro CriBBiAHOLIEH-
HS MOBHICTIO Y3roAXKy€eTbCsA 3 BUCHOBKamu Teopil S - T esontouii. Crnpa-
BAi, 3 POCTOM Hanpy»eHocTi nonsd kaHanu S > T, Ta S > T. Bigkn-
4YalTbCA | MMOBIPHICTb NEPETBOPEHHSA CUHINETHOI Mapu B TPUMJETHY
3MEHLYETbLCSA, WO 30iNblIYE MMOBIPHICTb KOHKYPYOYOI peakuii pekoMbi-
Hauii 3 Buxoaom [AB]-npoayKTy.

Bnnue nons 3HayHMM nuwe gnsa pTop3amileHnx 6eH3UNXT0pULIB.
B uboMy BunapgKy pearyoTb ¢Top3aMilleHi 6EH3UNbHI paguKanm y SKux
Benuka HTB 3 sgpamu "YF. B peakuii 3 6eH3UNXN0pnaoM epeKT nons Bi-
ACYTHIn ockinbkn B pagumkani °CH,C¢Hs eHepria HTB 3 npoToHamMu Ha-
6araTo MeHwa Hixxk HTB y pTopoBaHux pagnkanax.

Ak BuaHo 3 puc. 3 (kpuei 1 Ta 2), edbeKT nonsa [ocsArae rpaHuLi npm
HU3bKUX HaMNpy»>XeHOoCTAX Mofs, Wo 3B'A3aHe 3 TuM, wo B napi |A°B°[s
pisHuus Ag = 0 i cuHrneT-TpunneTtHa esonwuia 3aBasyye nuwe HTB, aka
BUKJ/TIOYAETHLCS, Konu piBHi T,, Ta T. po3xoasaTtsca (nig BnaveBoM nons).

LlikaBuM € xig peakuii pexkadTopandeHunxnopmetaHy [A° =
(C¢Fs).C°H |, y uboMy Bunaaky eigHoweHHs [AB]/[AA] npoxoguTb yepes
MaKCcUMyM, amB. puc. 3 (kpusa 3). MexaHi3M TaKoi NoBefiHKM TakUI: cno-
4yaTKy, NpPM POCTi HaNPY>XeHOCTi Nons, BigkNt4aTbcs KaHanm S - T,
Ta S - T. eBonwuil Nnapun, WO 3MEHLWYE MMOBIPHICTb Ancouiauii i ToMy
BiAHOLIEHHS KOMMNOHeHT pocTe. poTe B Ui napi Ag # 0 i3 pocToM nons
36inbwyeTbcsa WBMAKICTb S - Ty eBontouil Yepe3 36iNblUeHHS pPi3HUL
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3eeMaHiBCbKux eHeprin AgugH, Wwo npusBogMTe [0 POCTY MMOBIPHOCTI
auvcouiauii napw.

3ayBa)keHHA. 0co6nMBICTIO WOMHO PO3rASHYTUX Peakuin € yTBo-
PEHHSA KOMMEKCiB paguKaniB 3 acouiatamu 6ytunniTia (rekcamepie Ta
TeTpameTpiB). 3aKOMMJIEKCOBaHi paanKann MalTb HU3bKY MONEKYNIAPHY
PYXAMBICTb i, BIANOBIQHO, NOBISIbHY MOJIEKYNSPHY OMHAMIKY, WO CNPUSE
Binbw noBHiN S > T — eBontouii i 36inbWwye MarHiTHI epekTU. AHanNoriyHo
MOBWHHA BMJIMBATU B'A3KICTb PO34YMHHMKA. Lle 3Hanwno cBoe ekcnepu-
MEeHTaNibHe NIATBEPAKEHHA — Y HEB'A3KUX PO3YMHHMKAX BMJIMB NONS He
noMmiTHMI. lpoTe y AyXKe B'A3KMX PO3YMHHMKAX 4ac XXWUTTA Napu CTae
noBruM, a S -> T eBontouUis NepiognUYHO | 3BOPOTHOIO.

OT)Ke, MarHiTHNX egeKTiB y XiMiYHNX peaKuiax 3aBASKU MIKPOCKO-
NiYHUM MarHiTHUIM MOMEHTaM MOX>XKHa OYiKyBaTu B peakUisiX 3 y4acTio pa-
AMKaNbHUX nNap, Wo MawTb BeanKi Ag, abo 3 BeJIMKUM 3Ha4YEeHHSIM eHep-
rit HTB Ta noBinbHot (ane He By»e) MoNIeKyNsIPHOIO ANHAMIKOIO.

Bnnue MakpockoniyHMx MarHiTHUx aeuu, (cun JlopeHua, MarHiTHol
aHi30TpoNiT KONOIAHUX YACTOK Ta NPOLECiB IX arperauii B MarHiTHOMy no-
ni) Ha ¢i3MKo-XiMiYHi NpouecK B pigKodpasHUX cepefoBULLAX PO3TIAHYTO
B po6orTi [5], i ToMy TyT He aHani3ywTbCA.

3. Bnnue marHiTHOro nons Ha kpucrtanisauito CaCO3

B po6oTi [6] mocnigxyBaBca BNAMB MarHiTHOro nons Ha npouec
kpucTanizauii CaCO3; 3 nepeHacnYeHnx po3ynHiB

10"NaHCO; + 5-10™M CaCl,,
NPUroToBaHMX Ha OEiOHI30BaHiM BOAi, SIKi HacMuyBanucs nepepg no4vat-
KOM eKkcnepuMeHTy aiokcugom Byrneuto (CO,) po pH = 6.0. YMoBuM ekcne-
pUMeHTy auB. B [6].

[ns oTpUMaHHA NnepeHacnyeHHs y BUMIpHY KOMipKY A403yBaBCS po-
3unH 0,5M NaOH. B npoueci BMMiptoBaHHS B KOMipLui nigTpMMyBanacs
ctana TemnepaTtypa (25+0.1)° C. Mouyeproso yepe3 BUMipHY KOMipKYy Npo-
MyCKasMcsA OMarHiYyeHMn Ta HeoMarHiYeHMn po3ymHu. B gianasoHi pH =
7,8 + 8,0 BinbyBanacsa Macoea kpuctanisauisa CaCOs, wo cynpoBogKyBa-
flaca poCTOM KOHUEeHTpauil ioHiB BOAHIO Ta 3MiHOow Eh cucteMn. 3MiHu
napameTpiB cuctemun dikcyBanucsa 3 anckpetHicTio At = 17c aBtomatu-
30BaHMM Komnnekcom AKBA. 3aranoM BWKOHaHO [AeKinbka cepin no
10 pocnipiB 3 OMarHi4YeHo Ta HEOMAarHiYeHow CUCTEMOH.

Pesynbtatu, ycepegHeHi no 10-T BMMIipIOBaHHAX SIK 3 OMarHiye-
HO, TaK 3 HEOMArHiYeHOo cMcTeMaMM, NoKasaHi Ha puc. 5 i 7. 3okpema
NOPIBHAHHSA KOHLEHTPALiN iOHiB BOAHIO B OMarHiyeHoMy Hm™ ta Heomar-
HiueHoMy H* po3umHax npeacraeneHi Ha puc. 5.
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pHmM

7.96 !

5

pH

5

f 7

H
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10 11

Puc. 4. Jiarpama "pHm - pH".
Undpn BignoBigaoTb AaHUM
pH y Touui nepeTuHy niHin

300
230
2a0
240
220
200
130
1a0
140

Eh

50 125 200 275 350 425 500

Puc. 6. 3anexHicTtb Eh Big HOMe-
pa (4yacy) BUMipy ons oMarHiye-
HOMo0 Ta HEOMArHiYeHoro po34u-
HiB. Toukn i= 185 Ta 255 Bigno-

BigaloTb MaKCMManbHin pisHuui Eh

onsa unx pO3‘-IVIHiB

(Hm")/(H') | | 131

0.8 T

n7 \I '\v/
182 !

51 125 200 275 350 435 500
Puc. 5. BigHoLWeHHS KOHLUEeHTpaUin
NMPOTOHIB OMarHi4YeHol Ta HeoMmar-
HiYeHOl MAaTOYHUX CUCTEM 3aJIEXKHO
Big, HOMepy BUMIpy

0.6

Ehm Jh)/ER

HEMNAN

-0.02 a1 it
1 N

' ' 1
_D'DBSD 125 200 275 350 425 500

Pwuc. 7. BigHocHa 3MiHa Eh omar-
HIYEHOro Ta HEOMAarHi4YeHoro pos-
YMHIB y NpoLueci KpucTanisauil

Ha puc. 7 noka3saHa BigHocHa 3MiHa (Ehm — Eh)/Eh. Baunmo, wpo Bi-
OHOCHA 3MiHa 3aBASIKM OMarHi4YeHH0 KOHLUEHTpaLil ioHiB BOgHIO B Aiana-
30Hi pH = 7,8 + 8,0 ne npoTikae MacoBa KpucTtanisauis, gocarae 31%, a
BiAHOCHA 3MiHa Eh — 15%. Ak 3MiHa pH, Tak i Eh xapakTepHi ABOMa MakK-
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cumyMamp, npun i = 182-186 Ta i = 305.

Bnnue MarHiTHoro nons Ha kKpuctanisauito CaCO3 rinoteTuyHo Mo-
)XHa nosicHMTK Tak. Bimomo [7-11], wo B npoueci kpuctanizauii CaCOs
BaXXJIMBI OBI peaKuil:

Ca” +C03” - CaCO; Ta Ca’* +HCO3 - CaCO3+H".

MNepwa - BignoBiganbHa 32 YTBOPEHHSA KPUCTaNiYHMX 3aponKiB
(K3), opyra — 3a ix picT. Y gpyrin peakuii BinbyBaeTbca nonspusadinHa
OenpoToHi3auia 6ikapboHaTHOro aHioHa B NOJi KaTioHa Kanblito.

MNpeactaBuMo Opyry peakuito, NpMNyCcTUBLUM, WO NPW Tl NPOTIKAHHI
B KOMipUi peakuil BUHMKAE NPOMIDKHUIA paguKanbHUN KOMMNJEKC

Ca 2" + HCO3; - (CaCO03)* + H' > CaCO5 + H*. (18)

YTtBopeHHa komnnekcy (CaCO3)* MoxHa BBaXkaTu MMOBIPHUM 4e-
pe3 3Ha4yHo MeHLUy eHeprilo AenpoToHi3auii 6ikapb6oHaTHoro ioHa HCO3 y
BUrNsagi HeUTPasbHOro paanKana BOAHIO, HiXX MO3UTUBHOIO MNPOTOHA.

fAKWwo Taka rinotesa NpaBubHA, TO BMJWB MArHiTHOro noss Ha pe-
akuito (18) sBignosigmae T->S ta S > T eBontouil paanKanbHoi Nnapu B Ma-
FHITHOMY MoONi.

MiaTBepoyKeHHAM KiHeTukn (18) morno 6 6yTn Qocnig)KeHHA nons-
pu3auii NPoTOHIB, AKi yTBOpHOWTLCSA Npu KpucTtanisauii CaCO; B MarHiT-
HOMY noni, metogamun AMP.

BucHoBKM

1. B pearytoyin napi B KNiTUHI peakuil NOBUHHO ByTK AeKinbka chi-
HOBWX CTaHIB, W00 3a Yac peakuii B Hin BinOyBanucsa MarHiTHi B3aemogii,
AKi MOXYTb BUKNIMKATK nepexoam 3i 3MiHO CNiHOBOro CTaHy napw.

2. MarHiTHUX edeKTiB y XiMiYHUX peaKLisix, NOB'A3aHMX 3i CMiHOBU-
MW MOMEHTaMW, MOXKHA OYiKyBaTW B peaKLUifaX 3a y4yacTi paguKalbHUX
nap, siki MatoTb Benuki Ag, abo 3 Benmkum eHepriamm HTB Ta goctatHbo
MOBINIbHOK MOJIEKYIIPHOO ANHAMIKOHO.

3.Bnnne MardiTHoro nons Ha kpuctanisauito CaCO3 MoxHa nosic-
HUTWU YTBOPEHHAM MEpPexigHOro KOMMJIEeKCY BHACMILOK pPapuKanbHOro
MexaHi3My genpoToHizauii ioHa HCO3 - CO3 ™ + H'.
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INFLUENCE OF MAGNETIC FIELD UPON REACTIONS IN WATER
SOLUTIONS

The conditions of possible influence of magnetic field upon reactions
in solutions are analyzed. Magnetic effects in chemical reactions
connected with spin moments may be expected in reactions with
radical pairs that have large Ag or with large values super fine
interaction energy and quite slow molecular dynamics. Result [2] of
singlet-triplet pair evolution in the reactions cell under the influence
of field and its effect upon results of reactions with radicals are given.
The influence of magnetic field upon CaCO; crystallization may be
explained by formation of transitive complex due to radical
mechanism of HCO;” - CO; "+ H ion deprotonization.

Keywords: magnetic effect, spin moments, singlet-triplet evolution of
radical pair, radical mechanism of HCO; ion deprotonization.
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BJINAHUE MATHUTHOIO M0J1A HA PEAKUWU B BOOHDbIX
PACTBOPAX

AHanusupyloTcsa ycnoBus, NpyU KOTOPbIX BO3MOXXHO BIUAAHUE MArHUT-
HOro NoJss Ha peaKuumn B XXuaKocTax. MarHuTHoix 3¢pPeKToB B XMMUye-
CKMX peaKumsX, CBA3aHHbIX CO CMUHOBbIMM MOMEHTAMM, MOXXHO OXKU-
AAaTb B peaKuuMax ¢ y4acTUeM paauKanbHbIX Nap, uMewowmx 6onblune
Ag, vnn c 6onbwon aHepruen CTB n pocTtaTto4uHO MeasIeHHOW MOJIEKY-
napHou auHamukon. Mpueopatcs pesynbtathl [2] cMHrNeT-TpUNneTHOM
3BOJIIOLMMU Napbl B A4YeKe peakuun noa BIMAHUEM NMOJIA U ee BNUsAHUe
Ha X04 peaKuun c y4acTUeM pagmMKanos. BnuaHue MarHuTHoro nonsa Ha
Kpuctannusaumio CaCO3; MOXKHO 06BACHUTL 06pa3zoBaHUEM NepexoaHo-
ro KOMMJieKca BcJieACTBME PpaAUKaJIbHOro MexaHu3ma AenpoToHu3a-
uum moHa HCO3; > CO; "+ H .

KnioueBbie cioBa: MarHuTHble 3¢p¢eKTbl, CNMHOBbIE MOMEHTbI, CUH
rneT-TpMNNeTHas 3BOJIOLUMA PaAUKaNIbHOW Napbl, paAuKanbHbIA Mexa-
HU3M aenpoToHu3sauumn noHa HCO; .
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