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IocTanoBka 3agaui

[IpoGmema CTBOpEHHSI YACTOTHHX IIEPETBOPIOBAYIB pPI3HMX ONTHYHUX [ialla30HIB PO3KPUBAETHCS B
KIIAaCHYHUX poboTax miHiHHOI omrtmku [1, 2]. Ha cywacHomy erami po3BHTKY TeOpil BHIIPOMiHIOBaHHS
00OTOBOPIOETHCA MOXIIUBICTh BUKOPUCTAHHS TIIOCHIIOBHHUX B3a€EMOIN, IO BigOYyBarOThCA B CEPEOOBHII 3
KBaJ[PaTUYHOI HENHIWHICTIO B TIOJII 3arajbHOi XBUIJII HaKayKu JUisl po3poOKM Takux neperBoproBauiB [3, 4]. IIpo
BUKOPHCTaHHS SBHIIA BHMYIICHOTO BHIIPOMIHIOBAHHS I1HBEPTOBAHOI aTOMHOI CHCTEMM Ul MiJACWICHHS abo
IEPETBOPEHHS ONTHYHOIO CHTHaNy Bimomo 3 mpanp lllaBnoBa i Taynca. IlpakTuuHO 1 imest peanizoBaHa HpH
CTBOpPEHHI IMITYJIbCHOTO pyOiHOBOTO Ja3epa, ja3epa HemepepBHOI Aii — remili-HeoHOBHH TazoBuil nasep. [lizHiie
Oyia oTprMaHa HellepepBHA TeHEepallis B TBEPO TIIBHUX CUCTEMaX Ha HAIIBIPOBIIHUKAX.

Bupimenns 3agaui

B poGoti craButhbcs mpoOiieMa MOCTIKCHHS CIIEKTPOCHEPTeTUYHUX IIEPETBOPIOBAYIB ONTHYHOTO 1
OJM3BKOTO IO HBOTO Aiama3oHy. [IpONOHY€EThCS TEOPETUYHA MOJEIb TAKUX CIIEKTPOTCHEPaTOPiB, IO MPALIOIOThH B
yMOBaXx cam030y/KeHHs camol cucTeMu. Po3pobiieHa Moziens 6a3yeThesi Ha KBAHTOBHX 3aKOHAX BHIPOMiHIOBaHHS
Ta B3a€MOJIii BUMIPOMIHIOBAaHHS 3 pe4OBHHOIO. B ocHOBI i€l Teopii € piBasHHS Llpeninrepa Ta mpeacraBieHi HOTo
OKpeMi pO3B’S3KH.

3anpornoHoBaHa aTOMHA CHCTEMa CKJIAIAETHCS 3 BEJIUKOI KUTBKOCTI aTOMIB, SIKI KPIM 1HIINX €HePreTHYHUX

piBHIB MalOTh [Ba eHepreTUYHi piBHi 3 eHeprisMu £, Ta £, 3 BiamosimHumu ryctuHamu 3aceneHus N, ta N, .
Po3rnsiHeMO B3a€MO/IiF0 OKPEMOT0 aToMa 3 IIOJIEM BUIPOMiHIOBaHHS aOCOJTIOTHO YOPHOTO TiNla mpu Temmepatypi 1 .

Aromu, o MaroTh eHepriio F, (E2 > E1) 3HAXOIATHCS B 30yIKEHOMY CTaHi. BUAITUMO NesKy IUTSHKY,
sKa Oepe ydJacTh y PiBHOBXHOMY BHITPOMIHIOBaHHI, 1 3aCTOCY€EMO JI0 HEl 3aKOH PO3IIOJLTY aTOMIB 32 €HEpTisiMU
BosbiMana. 3rifgHo i3 3aKOHOM, YHClIa aTOMIB, 110 MalOTh eHeprio £, i E, BiANOBIAHO ZOPiBHIOIOTH

B E
N, =N ;  N,=Nye™, M
3BIIKH
N E,-E, v
1 _ e KT — ekT . (2)

VY craHi piBHOBaXHOTO BHUIIPOMIHIOBAHHS YHCIIO aTOMIB, 1[0 BHUIIPOMIHIOIOTH CBITJIO 32 MEBHHUH mHepiof
yacy, JOpiBHIOE YMCITy aTOMIB, IO TIOTJIMHAIOTH CBITIIO 3a IIel caMHUii Jac.

PO3IIIAHEMO KiBKICTh aKTiB BHIIPOMIHIOBAHHS 33 OIMHMINO 4acy. KinmbkicTh 30ymkenux atomis N, . Ix

nepexiZi Ha HIWKYMHA EHEepPreTUYHWil piBeHb, HIO CYNPOBODKYETHCS BHUIIPOMIHIOBAHHSIM (DOTOHIB MOXKe OyTH
caMOBUIbHUM a0o0 BigOyBaTHCs TiJ BIUIMBOM MAJAI0YMX EJEKTPOMArHiTHUX XBHJIb. KUIBKICTh CHOHTaHHHX

BUIIPOMIHIOBaHb 30y/KCHHX aTOMIB 33 OJMHHIIIO 4acy HpOIoOpLiliHa uMciy atoMiB N, 1 BINNOBIIHO HOpPIBHIOE

n =AN,, ne A - xoediuieHT IPONOPIHOCTI, IO OKa3ye BIMHOCHY KUIBKICTh aKTiB CHOHTAHHUX BUIIPOMIHIOBaHb
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3 ycboro umena atoMiB [V, . KinbKicTh akTiB BHIIPOMIHIOBaHHsS 30yIKCHUX aTOMIB, 3yMOBIICHHX IaJalOYUMU
XBUJISIMH, IIPONOPIIHHA TAKOXK YUCIy 30yIKeHnX aToMiB [N, Ta ryCTHHI eHeprii aJal0umX eIeKTPOMArHiTHUX XBUIIb
W(V,T ) Tak sk, W(V,T ) MPOTIOpILIiifHA IO BUIPOMIHIOBAILHOI 37IATHOCTI aOCOIOTHO YOPHOTO Tijla S(V,T ) , TO
KUIBKICTh BHMYIICHHX BHIIDOMIiHIOBaHb B IbOMY BHHIAnKy Oyme n, =B, N 28(V,T ) , ne B, - Binnosigawuii

Koe(illieHT IMOBIPHOCTI Iepexo/Iy aTOMIB i3 BHILOTO €HEepreTUYHOro piBHA E, Ha HIDKYHI piBeHb F; 3yMOBIIEHOTO

TaIAf0YNMH XBUJISIMU.
KimpkicTh yciX BUIPOMIHIOBaHb 30Y/DKEHUX aTOMiB, TOOTO 3arajibHe YHcio (DOTOHIB, IO BUIIPOMIHIOIOTECS
3a OIMHUIIO Yacy, JOPiBHIOE

n=mn +n,=AN, + B, N,e(v.,T). 3)
Kinbkicts axTiB HornuHaHHA (OTOHIB aToMamMu /N|, BHACIHIJOK 4OrO BOHM NEPEXOAATH, IPOHOpLiKHA
KIJIBKOCTI CAMHUX aTOMIB 1 TYCTHHI €Heprii maJatoumx MpoMeHiB, TOOTO
n =B,Ng(v,T), 4)
ae B,, - BignoBingauit koedinieHT iMOBIPHOCTI epexoIy aToMiB 3 piBHA £, Ha piBeHb E,.
st piBHOB)KHOTO BUIIPOMIHIOBAHHSI KUIBKICTh aKTiB IOIJIMHAHHS NMOBMHHA OYyTH piBHA KUIBKOCTI aKTiB

BHITPOMIHIOBAHHS (n =n, ) . IpupiBasiemo Bupasu (3) i (4) Mixk cobot0, HiCTAaHEMO:

AN, + B, N,e(v,T) = B,,Ng(v,T). (5)
Po3B’spxemMo piBHSHHS (5) BiIHOCHO BHITPOMIHIOBAJILHOT 3/[aTHOCTI a0COJIIOTHO YOPHOT'O Tija, IICTAHEMO:
AN AN. AN
e(v,T)= - =3 N2 = 2
BIZNI_BZINZ 12 771 i /Tr_l (6)
BZI N2 B

21
KOG(I)IHIGZHTI/I A’BIZ’BZI BU3HAYAIOTBCA 3 TPAaHUYHUX YMOB. HpI/I HECKIHUCHHO BHCOKIHM TeMIeparypi
hv

(T - oo) ¢yukuis e’ — 1. 3 ppaxyBansam 1poro Gopmyia (6) HaOyBae BUITIALY

AN,

By | ™
B

21

g(v,0)=

3 ¢yHKIii po3moiny BUIUIHBAE, KOH 1 —> 00, s(v,oo) —> 00 . 3BiJICH BUILTHBAE, 0 3HAMEHHUK Y BUpa3i

B
(7) mpsimye 10 Hymns, omke —= = 1. TTizcTaBumo neit Bupas y gopmyiy (6), JicTaneMo
21
AN.

=2
& (V,T ) = T . (8)

e —1
st mocuTh MaJTMX 4acTOT €HEprisi KBaHTa BUITPOMIHIOBAHHS JIy’Ke MaJia TIOPiBHSHO 3 €HEPri€lo TEIIOBOrO

hv

Pyxy (hv << kT ) , TOMY MOHA OOMEKUTHCS JBOMA TIEPIIUMH YUIEHAMH PO3KIAAeHoi B psa pyHkii e’

hv
e”=1+h—v+...zl+h—v.
kT

kT
OTxe, popmyna (8) HaOyme TAKOTO BUTIISLY:
kT
e(v,T)=AN,—. )
(v.T)= 4N,
, 2nv’kT
B o6macTi Manux 4acToT (hv <<kT ) CIIPaBIDKYEThCST KinacuyHa (opmyia Penes S(V,T ) =—F.
c
[pupiBHiorouu 1o popmyiu (9), orpumaemo:
kT 2rv’kT 2nhv’
e(v,T)= AN, — = = 4N, =20 (10)
hv c c
3 BpaxyBaHHSIM OTpHUMaHHX KoedilieHTiB, hopmyina [lnanka (8) Habyne BUrIALy:
2nhv? 1
e(vI)="—F——FH—. (11)
e
e h=6,62-10"* [Tnc-c - crana Inauka; k =1,38-10" /Joc / K - crama Bonsimana. Po3mnoxin eneprii
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BHUITPOMIHIOBaHHS S(V,T ),— 3a YaCTOTOI0 V TIPH Pi3HUX TeMmeparypax 1 TpeacTaBiIeHo Ha puc.l.
c

2
M
Jinst BU3HaueHHs WMoBipHOCTI mepexony W,,, iHAYKOBaHOTO MOHOXPOMATHYHHUMH IOJIEM BHU3HAYAETHCS
3arajJbHUM BUPA30M:

2 Acp(v
(VV21):__[OW\(}3)g(V_VO)dV (12)
e g (v - vo) - HopMoBaHa (yHKIis GOpMH JiHii 3 MAKCHMYMOM TIPH V.

Jo BHU3HAHHS HAsBHOCTI CHEPreTHYHHX 30H Yy KPHCTANaX MNPHUBOIUTH AaHANI3 pO3B’S3KIB PiBHAHHS
Hlpeninrepa st enexkTpoHa y Kpuctaii. Tak, 3acTocyBaHHs aJiadaTHYHOTO i OJHOENEKTPOHHOTO HAOJKEHHS
TIEPETBOPIOE PIBHSHHS I BCHOTO KPHCTANA B PIBHAHHS U OHI€] YACTHHKH.

AniabaTnuHe HaOMMKEHHS 0a3yeTbes HA TOMY, IO CEPeIHs IMBUAKICTH EIEKTPOHIB SK JETKUX YaCTHHOK
Habarato NepeBHIIye IIBHAKICTH sAIep. 3a 4Yac, NPOTArOM SKOTO €JeKTPOHH MpPOXONATh 3HAYHUM IIUIAX,
PO3TaIIyBaHHSA A1ep y KPUCTal IPAaKTHYHO He 3MIHIOEThCS. TOMY BBa)XKarOTh, IO SIpa IIPU LIOMY HEPYXOMi.

O/IHOENEKTPOHHE HAOJIDKEHHST € OJHMM 13 (yHIaMeHTaIbHHX METOIIB Teopii TBepaoro Tina. BoHo
HOJIATAE B TOMY, IO CIPaBXKHE MOTEHLIaIbHE I0JIe, K€ BU3HAYAETHCS MUTTEBUM IIOJIOKEHHSM BCIX €JEKTPOHIB 1

OIHUCYETHCS MOTEHLIaNbHOW eHepriero U, , 3aMiHIOEThCs Ha OJIE, CTBOPEHE YCEPEIHEHUM IPOCTOPOBUM 3apsIoM
pelITH eNeKTPOHIB Q(rl.) Ta HEPYXOMUMH 10HAMH KPUCTANTIYHOI TPATKH V(rl.)
U, (r)=0(r)+V (1)

Toni cramionapue piBHsHHS [lpeninrepa i-ro enekTpoHa MaTHME BHTIISN
72
—%Ad)(r)—i—[Q(r)—i-V(r)]d)(r):E¢(r). (13)

Po3B'sizok piBustHES (13) 3HaxomsTh Tak. O6umcmio0Ts () Ha OCHOBI OJHOETEKTPOHHHX XBHIBOBHX
(yHKII# HyTbOBOTO HAOMMKEHHS, MiAiOpanux iHTyiTHBHO. [Tichs nporo i3 cucremu piBHsIHB Ty (13) BU3HAYAIOTH
XBHJIbOBI (PyHKIIi B mepuioMy HaOJIMKEHHI, MOTIM - XBHJIbOBI (QYHKIII B IpyroMy HaOmmkeHHi 1 T.4. Y Teopii
TBEPZOro Tiia mose (2 YacTo pOo3IIIA0Th SK NOCTIHHY BEIUYMHY 1 BBaXKAKOTh, [0 BOHA J0PiBHIOE Hy/H0. Takum
YHHOM, 33jla4ya TIPO ENEKTPOHHI BIACTHBOCTI KPHCTana 3BOAUTHCS MO 33Jadi MPO PyX OIHOTO EJEKTPOHA B
MepiOMYHOMY IT0JIi KPHCTANIYHOT TPATKH.

PosrisiHeMO 1esiki 0COOIMBOCTI pyXy €JIEKTpOHA B KpHCTaJli Ha IPUKJIAAL JIHIHHOT MOJIeNi KPHCTaIITHOTO

tina. s Mozmens BU3HAYAETHCS TMOTEHIATBHOI EHEPri€l0 eNeKTPoHA V(rl.). OyHKis V(ri) - mepioguyHa 3

nepiomoM a , To6To V(x + a) = V(x) .

Jus  crupomeHHS OOMEXHMOCS —PO3TIIAAOM  OJHOBHMIPHOTO KpucTaiga (TOOTO HECKIHYCHHOTO
TIPSIMOJTIHIHHOTO JIAHITFO)KKA OJHAKOBUX aTOMIB, IO 3HAXOIATHCS HA TIOCTIHHINA BiICTaHI a OOWUH BiJ OIHOTO).
Pisasaas Hlpeniarepa ams cTamioHapHUX CTaHIB y BOMY BHUITAAKY Ma€ BUTIISA

nod’
_E£+U(x)¢=E¢, (14)
Abo
2
%ﬂ&(x)q):o, (15)
e X2 zz—m(E—U).

72
Piustaast (15) - oninifiHe audepeHmianbHe pIBHAHHA APYrOro MOPSAKY 31 3MIHHUMH TEPIOAWYHO
Koe(illieHTaMu, OCKIJIBKH y Pa3i BiICYTHOCTI 30BHIIIHBOTO TTOJIS x2 (x + a) = xz (x) JUtsl Oy IIb-SIKOTO X .
[TpoBeneMo NOCIiKEHHS 3aralbHOTO BUTJISIY PO3B'S3KIB LLOTO PiBHSIHHS, KOPUCTYIOUUCH NEPIOAMYHICTIO
¢$yHKLil x2 (x) , PE3yIBTATOM SIKOI €

d? 2
$+xz(x+a)¢(x+a)=%+x2(x)¢(x+a). (16)

3 (16) BuaHO, 110 SAKIIO (YHKIIIS (])(x) € PO3B'SI3KOM PIBHSHHS X1I1a. TO (QYHKIISA ¢(x —-a ) Takox Oyne

posB'siskoM Toro xk piBusHus. Sxmo Cd, (x) i G0, (x) - Oyab-iKUX [Ba JOBUIBHUX JIIHIHHO HE3aJEXKHUX
po3B's13kH piBHAHHS (15), TO HOro 3arajibHUI PO3B’SI30K MOXKHA ITOIATH Y BUIJISII
(I)(x) = C1¢1 (x) + Czd)z (x) ,

e C, i C, - noBinbHi cTami.
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Puc.1. Po3nonia eneprii BANPOMiHIOBaHHS 32 4ACTOTOI V Ta TeMIepaTyporo T

Joenemo, mo cepen po3B's3kiB piBHAHHA (15) icHye Takuii po3B'sSI30K d)(x), KOJH 7SI OyAb-SKOTO X
d)(x—i-a):?ucb(x), ne A - crama. Km0 Takuii po3B'A30K iCHY€, TO MOro TakoX MOKHA IOJATH Y BHIVIAAL
& (x)=Co,(x)+Cyh, (x)

JInst CHpOLIeHHsT PO3paxyHKiB BHOEPEMO JIiHIIHO He3aleKHi PO3B'S3KH ¢, (x) id, (x) Tak, 00 BOHH

33I0BOJIbHSIN YMOBaM
¢,(0)=1. ¢{(0)=0
¢2(0):0’ (bz( )
V TakoMy BHIQAKYy KaxyTb, W0 (yHKUil ¢, (x) i ¢, (x) YTBOPIOIOTh (DYHIAMEHTAIBHY CHCTEMY
posB's3kis). Toxi npu x = 0 BUMOrK CD(x + a) = XCD(x) i@ ( + a) LD ( ) 3AIUIIYThCS TaK:
Cdy (x)+ G, (x) =2
Gy (x)+ Gy (x) =1

abo
[4)1( k]C+¢z ) =0
a)C, +| ¢ (a)-1]C, =0.
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Po3B's3ku wiei cuctemu niHiiiHUX oaHopiauux piBHsaHb (BinHocHO C| 1 C,) icHyIOTH 32 yMOBH
¢,(a)=2 ¢,(a)
¢1(a)  ¢5(a)-2

AbGo
2= (a)+ 0 (a) |h+[ ) (a) s (a)— ) (a)d,(a)]=0 (17)

HInsxom nudepeHIitoBaHHS 3 BpaXyBaHHIM piBHSHHS (15) j1erko nepekoHaTHcs, M0

d ’ !
[0 ()92 () = 9] (x)9: (x)] = 0.
OTxe, Tpetiit nonanok (17) siBiste coboro (yHKIIIO, SIKa € CTAIOI0 BEIUYUHOIO, 1i 3HaYeHHS st X = 0

IIEPETBOPIOETHCS B OAUHUIIO. TaKoro jk 3HaYeHHs Habupae s GyHKUis i ;s X = a . [lo3naunmo ¢, (a) +¢, =2L.
LluM caMuM BH3HAYUTHCS HE OZMH, a ABA PO3B'3KU piBHsHHS (15): O, (x) id, (x), SIKi 33/I0BOJIbHSIIOTh

HeoOXixHUM BuMOraMm. Po3s'zku ¢, (x) i¢, (x) JIHIMHO He3aleXHi, 1 1X 3py4YHO IJISl MOJAHHS 3arajibHOro
PO3B'SI3KY B3STH Y BUTIIAL

¢=Cld5](x)+C2d)2 (x) (18)

Cawmi po3B's3ku ¢, (x) io, (x) He MOXyTb OyTH 3Haii/IeH], AKmo QyHKIis ¥ x) HEBi/IOMa, a mapamerp

E wuedikcoanmii. Ilpore 1me He meperikomKae omepyBaTtH (GyHKISIMH (I)l(x) i o, (x) JUISL BCTaHOBJICHHS

3araJlbHUX BIaCTUBOCTEH PO3B'SA3KiB piBHAHHS (15).
[IpunycTnMo crodaTky, mo crana L 3a moxymem Oimbiua Big oamuumi [L|>1. Toxi xopeni A, i A, €

nificHuMu 1 pisHEMU. ToMy 3 pIBHSHHS cD(x+ a) =k®(x) BUIUIMBAE, L0 y BHUMAAKY, KOIM X —> 00, OJAHA 3
GyHkuii O, (x) abo ¢, (x) HEOOME)XEHO 3pOocTae, a KOJIM X —> 00 , HeOOMEXEHO 3pocTae iHma. BHacmigok mp0ro

mpu |[L| > 1 Hi omuH i3 pO3B'SI3KiB d)l(x) io, (x) a OTXKe, 1 JOBUIbHA JiHIHHA KOMOIHAIA iX 31 cTaJuMH
koedinienTamu (18) He Moxe OyTH XBWILOBOIO (DYHKIIEIO eneKTpoHa B Kpucraii. Lle o3Havae, 1m0 B KpucTaii He
icHye cTaHiB 3 eHepriero £ , s sikux [L|>1. Taki eHeprii yTBOPIOIOTH 3a00pOHEH] eHEpreTHYHI 30HH.

SIKIo e BpaXyBaTH YacOBHi MHOKHHK € ', TO y pa3i BiCYTHOCTi 30BHIIIHIX CHIIOBHX TIONB MOKJIHBI
MOBHI XBHJIbOBI (DYHKIIIT B KpUCTaNi MOYKHA MTOJIATH Y BUIJISII

v, (x,t) _ Pl (x)e—i(oat—kx)
v, (x,0) =B (x)e ), (19)

i xBwii ommcyroTh "BUTBHHH pyX" eIleKTpoHa B KPHCTali, KOJMH BCi Aif04i HA HHOTO CHIIM OOMEKEH1
B32€EMOJIIEI0 3 10HAMM KPHCTAIIYHOI IPaTKM Ta IHIIMMHU €JIEKTPOHAMH, a 30BHIIIHIX CHJIOBUX IOJIB Hemae. BoHu
Ha3MBaIOThCA XBWIsIMHA bioxa. Ha BiAMiHY Bif IUIOCKMX XBWIb J¢ Bpoiiis, 110 MOIIMPIOIOTECS Yy BIJIBHOMY

npocTopi, y XBusAx bioxa Bemuunnu F (x) i P (x) HE CTaji, a MPOCTOPOBO MOJIYJIbOBaHi, TOOTO TMEPIOTUUHO
3MIHIOIOTBCS B3IOBXK JAHIIIOXKKA 3 TIepiooM a. Uepes Taky mpoCTOpOBY MOAYJISILIO pU BibHOMY momupenHi WV -
XBWJIb Y KPUCTANll BEMMYUHY Fik Ha3MBalOTh KBa3iiMITyJIbCOM €JIEKTPOHA, TOI SK IIPU PYCi €JIEKTPOHA Y BiIbHOMY

MPOCTOPI TaKa BEJTHMYHHA € TIPOCTO IMITYJIHCOM.
Y TpuBUMIpHUX KpHUCTajax IUTocka XBUWIA bioxa mMae Buris, ananorigauii (19). Timeku P(X) 3aMiHIOETBCS

N

Ha QyHKmito P(7 ), sika Mae Ty X IPOCTOPOBY IEpPIOJUYHICTb, IO M cama rpaTka, a XBHJIbOBE 4YHCIO K - Ha
- d

XBUJIbOBUI BEKTOp K , SKOMY BifIOBinae KBasiimmyibsc 7k .

BubopoM KBa3iiMIyJbCy BH3HAUAE€THCS 3 TOYHICTIO IO CTAJOr0 MHOXKHMKa XBHIIbOBa (yHKIis bioxa.
OTxxe, BU3HAYAEThCS 1 €HEPris eJIeKTpoHa O, sika BXOAWTH y cramioHapHe piBHsHHsA Lllpexminrepa sk cranmit
napaMeTp. TakuMm 4nHOM, y MeXaxX KOXXHOI 30HM JOIMYyCTHUMI 3HaueHHS €Heprii eJIeKTpOHa MOXKYTh OyTH ITOJaHi K

¢byukmii - kBasiimmynecy  E=FE ( p) . 3Bimcm oTpuMyeMo = oa(k) , ockuibkn FE =Hho. O6ugsa ui
CIIBBITHOIIICHHSI HA3WBAIOTHCS 3aKOHAMU JIHCIIEPCii €IEKTPOHHUX XBHIIb 200 €JIeKTPOHA B KpPUCTAII.

Peaizariist MOXKIMBUX CHEKTpOTpaHC(HOPMATOPIB ITpeCcTaBlIeHa Ha Takili OJIOK-CXeMi, [0 BKIIOYae B cebe
Ha0lp BY3bKOYACTOTHHX JEMOAYISATOpIB (puc.2). BumpomiHiOBaHHs [esKOi LIMPUHU CIEKTPY h(a)-i- A(D)

moTparuisie Ha 0ok I, B KoMy BimOyBaeTbes aHawi3 (IEKOAYBaHHS) BHUAY CHEPTETHYHOTO CHEKTPY (ONTHYHHUH,
pamioyacTOTHUH, PEHTIeHIBCHKUH, Y -BUITPOMIHIOBAaHHS, KOCMIUHI IPOMEHI 1 T.1.). Bxignumu npuctposimu 6oy [

€ ONTHYHI KOJIIMAaTOpH, KOJIMBAIbHI KOHTYpPH 3 YyTJIMBHMH aHTEHAMH, AETEKTOpH 7Y -BHIpoMiHIOBaHHS. biok II
ABJIAE COOOI0 [EMOJYJNIIOIOUY CHCTEMY, B SIKOMy BiOyBa€TbCs pO3KIAJaHHA CKIaAHOTO 33 CIIEKTPOM
BUITPOMiHIOBAaHHS Ha OKPEMi 4acTOTH (), . ToJi MOHOCKIIaI0BI BUIPOMIHIOBaHHA MOTPAIIAIOTL Ha OJIOK NpHiAMayiB
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III. Mix neMOIyJIIOI0U0I0 CUCTEMOIO 1 OJIOKOM IpuiiMadviB icHye 3BOPOTHIH 3B'si30Kk. Ha BuXozi 3 Takoi cucteMu
OTPHMYETBCSI CUTHAN 3aJaHOT 9acTOTH @, IO BigmoBizae eneprii /@, . Posrmsuyti Moxyni I, 11, III npamtorots Ha
BijoMHX (I3UUHMX 3aKOHOMIPHOCTSIX Ta SIBHIAX PE30HaHCy, iHTepdepeHlii, nudpaxuii, qucnepcii, poroedekry,

epexry Komnrona i 1.1 Taka cucrema poOUTH CeNEKI[iI0 Ta B3a€MHE IMEPETBOPEHHS BXIAHOTO CUTHAIY 3a
BIJITIOBITHIMH YaCTOTaMH, TOOTO 3a EHEpri€lo.

I o T

ITagarote BiriHe
BHITP OMIHKOBAHHSA BHIT] O MIHIOB AHHS
h(ew+Am) T,

—_— —=

_— =

- = —

v EOM AIlTT A%

Puc. 2. Biok-cxema cnekTporpancpopmaropa

Cucrema tpancdopmanii goBxun xBu043Bp, 1m0 HOCHTH OUTBII yHIBEpPCAJIBHHN XapakTep (YHKIIOHYE
BiZOBiHO /10 3akoHy byrepa-Jlambepra-Pabpukanra

I(x) =1, ", (20)
e 1 0> I (x) - IHTEHCHBHOCTI BiJIIIOBiTHO TIA/Ial0YO0i 1 XBHJIi, III0 MIPOHIIIIA KPi3h CepeOBHUIIe; O - KoeillieHT
migcunenss; 3 - koedimieHT nocnabieHHs cepeNloBUIa; X - TOBIIMHA apy cepenoBuina. 3 GopMyJId BUIHO, IO B
OINITHYHO aKTUBHOMY CEPEIOBHIII (OL > 0) IHTEHCHBHICTh BUTIPOMiHIOBaHHS [ (x) 3HAYHO 3pPOCTAE MpH 301IbIICHH]

TOBLIMHY IIapy cepenoBuiia. Taka cuctema TpaHcopMallii CHEKTPaIbHOTO CKIIaAy BHIIPOMIHIOBAHHS Ma€ s
niepesar (6).

Kocwmiune BUTIpOMiHIOBaHHS | Ta BiIOWUTE BUIIPOMIHIOBAHHS CUCTEMOIO JI3epKa 2 MOTPAIUIsTe Ha aKTUBHUI
CHEeKTpabHUI mepeTBoproBau 3 (puc.3). Tomi mepeTBOpEHUH CHEPreTHUHHUI CHEKTP Y HEOOXITHHA YaCTOTHHMA
Jiara3oH MOTpAIUIsLe 10 MiACHIIOBaYa BUIIPOMIHIOBAHHS 4 1 pEECTPYETHCS MPUiMadeM BUTIPOMIHIOBAHHS 5.

il

1B

Puc. 3. Cxema cnocody ynipikoBanoi Tpancopmanii 10B:KHH XBHIb.
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3amnpornoHoBaHui crocid TpaHcdopmarii JOBXHH CBITIIOBHX XBWIb Ha 0a3i iHpopManiifHO-eHepreTHIHOTO
TIePETBOPEHHSI CBITIIOBOTO CIIEKTPY MICTUTH B c00i €peKTHBHE poOOUe CepeTOBHUINE PE30HAHCHOI ONITHYHOT HAKAYKH
mapiB JyXHUX METaJliB, sKe JTO3BOJIAE 3MIMCHIOBATH 3aCENCHHS BEPXHIX aTOMHHUX PIBHIB Ta 3YMOBIIOE IHBEpCHE
3aCeJCHHS BIJHOCHO HIKYE pO3MIMIECHUX CHEPreTHYHHX piBHIB. lle CTBOpIOE MOXIUBICTH CHEKTPaIbHOT
TpaHcdopmallii XBUIIb IIKPOKOTO KOCMIYHOTO Jliala3oHy B Harlepe/l 3a/laHui 1HTepBall IOBXKHH XBHUIIb.

BucHoBkn

1. IIpoBeneHO TEOPETUYHI TOCIIPKEHHS CIIEKTPOSHEPTETHYHMX TIEPETBOPIOBAYIB.

2. 3niliCHEHO CHCTEMHUI aHalli3 KBaHTOBOi TeOpii BHIPOMIHIOBaHHS Ta HOro B3aeMOAil 3 HaWOLIbII
NPUJIaTHAMH CEPEIOBUIIIAMH.

3. OTpuMaHi 3aKOHOMIPHOCTI TPUIATHI U PO3B’A3KY 3a/1adi 3 TEPETBOPEHHs €HEPTii pi3HUX Jiala3oHiB
€HEPreTUYHOTO CIIEKTPY.
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P.A. TKAYVK, B.I. KY3b, 5.M. POGYJIOBA

TepHOMNBCHKUI HALIOHATIBHUIT TEXHIUHUI yHIBepcuTeT iMeHi IBana [Tyiost

ONNPOMIHEHHA HIKIPHU JIFOAWHMU I3 BESIIEPEPBHUM KOHTPOJIEM TA
PEI'YJIIOBAHHAM ITAPAMETPIB ITPOIECY

Cmamms npucesiveHa no6ydosi yO0OCKOHA/IEHUX MeXHIYHUX 3aco6ie 0451 gpomomeduyHUX mexHo02il npu
/AiKyeaHHi 3axeoprosaHb wkipu (ncopiasy, ek3em) WAIXOM IMNYAbCHO20 ONPOMIHEHHSI NOWKOOXCEeHOi nosepxHi i3
6e3nepepsHUM KOHMPOJIeM NPoYecy ma peeyA8aHHAM napamempis y iHMmepakmugHoOMy ma a8momMamu4yHOMY pexcumax.
3anponoHoganuli nioxid 3abe3nevye sukopucmogysamu subpani Kpumepii 051 onepamugHO020 KOHMPOJII0 napamempie
npoyecy ma nidguujeHHsi epekmugHocmi mexHi4HUX 3aco6ie Ha 0CHO8I ONMUKO-e/1leKMPOHHUX npucmpois.

Karuosi cnosa: wkipa, iMnyabcHe 8UNPOMIHIOBAHHS ONMUKO-e1€KMPOHHUX NPUCMPOi8, KOHMPOAb CMAHY.

R.A. TKACHUK, V.I. KUZ, B.M. ROBULOVA

Ternopil Ivan Pul’uj National Technical University
SKIN EXPOSURE OF HUMAN CONTINUOUS MONITORING AND ADJUSTING THE PROCESS PARAMETERES

Abstract - The article is devoted to the construction of advanced technical equipment for photomedic technology in the treatment
of psoriasis, eczema by pulsed radiation damaged skin with continuous supervision and control of the process parameters in an interactive
and automatic modes.

The proposed approach provides the use of selected criteria for operational control of process parameters and improve the
efficiency of means-based optoelectronic devices.

Keywords: skin, pulsed radiation optoelectronic device, status monitoring.

Beryn

B mpaktuuHi MeOWNWHI UII HOBOTO 3aCTOCYBaHHS HAOyBarOTh TEXHOJOTIi, CIIPHYMHEHI OiONOTIYHOIO
TIEF0 KOHTPOJFOBAHOTO YJIBHTPAa(ioIeTOBOTO BIUIMBY, AKi IepeadadaroTh OMPOMIHEHHS XBOPOI TOBEPXHI IIKipH
6i000’exra (BO) # 3yMOBJIE€HA BIACTHBICTIO MOJIEKYJ PEUOBHH, IO BXOATH O CKJIAAY KIIITHH )XKHBHUX OpPTaHi3MiB,
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