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NH®OPMALUSA 3A ABTOPUTE

ITPABUJIA 3A JENNIO3UPAHE U ITIYBJIMKYBAHE HA CTATUUA

IMonaBaneTo Ha AOKJIaTUTE TPIOBA Aa Ce aApecHpa 10 PEAAKLIUATA HAa UMEHIT
(textilejournal.editor@fnts.bg);

Joxmanure TpsOBa 11a ca HaMMCaHW Ha OBJITApCKH €3WK OT OBITapCKH aBTOPH M Ha aHTIINHCKH (paboTeH)
€3MK 3 Yy JICCTPAHHH aBTOPH.

Cnopa3ymeHue 3a NpexBbpJIsIHE HA ABTOPCKHU NMpaBa TPsOBa Ja Objie MOANMCAHO ¥ BbPHATO Ha HaIlIaTa
penaKiys o moina, hakc Wi UMEHII, KOJKOTO € Bb3MOKHO TI0-CKOPO, CIIe/] MPEBAPUTEITHOTO IPUEMaHe Ha
noknaza. C moanucBaHeTo HA TOBA CIIOPa3yMEHHE aBTOPUTE TAPAHTHUPAT, Y€ LIEIHAT TPY/] € OPUTHHAJICH U HE €
OuJ1 myONIMKyBaH, U3ITpallia ce caMo B CIUCAHUETO U Y€ LENUST TEKCT, AaHHH, QUTYPH 1 TAOIHIH, BKITIOUCHH B
TpyJa ca OPUTHMHAJIHHM M HEMyONMKYyBaHH IMpEId TOBA WM IMOJaBaHU JAPyraje B KakBaTo W Ja ¢ ¢dopma.
[pornechT Ha perieH3UpaHe 3amouBa cie]| ModyJYaBaHe Ha TO3M JIOKYMEHT. B ciyuaii, ye ToKIaasT Beue e
MPEJCTaBsH Ha KOH(QEPEHIUs, TOW MOXe Aa Oble MmyONrMKyBaH B HAIIETO CIIMCAaHWE, CaMO aKo He ¢ Oui
nyOMMKyBaH B OOIIONOCTBHIIHA MaTepHajid OT KOHpEepeHIUsATa; IPU TaKuBa Cllydyau TpsiOBa Jla ce HalpaBH
CBHOTBCTHOTO U3SBJICHUE, KOCTO CC ITOCTAaBA B pEAAKIIUOHHUTC O€JIEKKH B Kpas Ha CTaTusiaTa.

OO0 cTi 1 opopmiteHHE

O0eMBbT Ha TOKJIaa He TPIOBa Ja HaAXBbpIA 12 cranmapTHU cTpaHui| (A4) B eHa KOJIoHA (CTpaHUIa
ot 3600 3naka), k1. Tabmuuu u urypu. @opmarst e MS Office Word (normal layout). Peuensenture cu
3ama3Bar IpaBoTo JIa CbKPATAT CTaTHATA, aKO € HEOOXOMMO, KAKTO H 1a IPOMEHSIT 3aIJIaBUATA.

3arnaBueTo Ha JOKJIaaa He TPsAOBa 1a HaTXBHpIs 120 3HaKa.

II'baHNTEe HMEHA HA AaBTOPUTE, KAKTO M MBJIHUTE HAUMEHOBAHUS HA HHCTHTYIIHHUTE, B KOSITO paboTST -
(hakynTeT, Kareapa, yHHBEPCUTET, HHCTUTYT, KOMIIaHUS, Tpajl U JIbpiKaBa TPsOBa /la ca SCHO MOCOYEHHU.
ABTOPBT 32 KOPECIIOH-ACHIS U HETOBHAT/HEHHUAT UMEN TpsiOBa J1a ca yKazaHH.

Pe3romeTo Ha TOKJIaa € HAa aHIIIMHCKY U HE TPOBA J1a HATXBHPIIS €/THA CTPAHHMIIA.

KuarouoBuTe 1ymu TpsOBa 1a ca B paMKuTe Ha 4 110 6.

Duzypume u unocmpayuume ce HOMepuUpam Nocied08amento (¢ apabcku yugpu) u mpsabea da ca
cnomenamu 6 mexkcma. @ueypume ce enazam 8 mexcma ¢ gopmam JPG ¢ munumym 300 dpi. Quzypume
mps66a 0a 6voam uHme2pupanu 8 meKcma 6 pedaxkmupyema gpopma.

Tabnuyume, coc 3aznasue u ie2endd no Jiceianue, mpsaoea 0a 6vOam HoMepPUPaHu NOCIe008ameIHo U
mps66a 0a ca cnoMeHamu 8 meKcmd.

Benesckume noo nunus mpsoea da ce uzdseeam.

Ilpenpamxume (yumupana aumepamypa) mpsoea oa ce yumupam NOCie008amMenHo no ped Ha
nosaesA8aHe 8 MeKcmd, USNUCAHU Ype3 MPAHCIUmepayus Ha JamuHuyd, Kamo ce usnonssam yugpu 8
K8aopamHu ckoou cnoped cucmemama Banukyeup.
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TEXTILE MATERIALS WITH SENSORY PROPERTIES
AND PHOTODYNAMIC ACTIVITY

Topic No: 2/6 Textile materials with sensory properties

Desislava Staneva’, Ivo GrabcheV’

'University of Chemical Technology and Metallurgy, 1756 Sofia, Bulgaria
*Sofia University "St. Kliment Ohridski’, Faculty of Medicine, 1407 Sofia, Bulgaria

E-mail: grabcheva@mail.bg

Abstract

The textbook "Textile materials with sensory properties and photodynamic activity" (ISBN
978-954-91951-6-3) is intended for the students of the Master's specialty "Medical Textiles" of
the University of Chemical Technology and Metallurgy, as well as for all those who work in this
field , conduct scientific research, apply these materials in practice and everyday life, or show
interest in smart textile materials. It aims to introduce them to two modern and rapidly developing
areas in the field of textile production, as well as to technologies for modifying textile materials to
give them new properties such as sensory properties and photodynamic activity. Textile materials
with sensory properties refer to the so-called intelligent textile materials, which can be used to
monitor various vital functions, changes in health status and early diagnosis, as well as various
changes in the environment. Their advantage is the ability to be worn constantly without causing
discomfort. Their preparation is related to the use of different types of indicator dyes, therefore
students need to familiarize themselves with the structure and principles of operation of optical
sensors and their application in modifying textile materials. The essence and mechanism of
action of photodynamic therapy are discussed. Various photosensitizers and their use in the
preparation of textile materials with various medical applications (antimicrobial, self-cleaning,
medicinal, etc.) are presented.ith various medical applications (antimicrobial, self-cleaning,
medicinal, etc.) are presented.
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TEKCTUJIHU MATEPUAJIN CbC CEH30PHU CBOUCTBA
N OOTOOANHAMUYHA AKTUBHOCT

Tema N22/6, TeKCTUNHN MaTepuann CbC CEH3OPHN CBOMNCTBA

Decucnasa CraHesa', so Npa6ues’

' XumukomexHonozudeH u MemasnypaudeH yHugepcumem, 1756 Cogpus, bozapus
*Cogputicku yHusepcumem "Ceemu KnumeHm Oxpudcku’, MeduyuHcKu ¢akyamem,
1407 Cogpus, benzapus

E-mail: grabcheva@mail.bg

Pe3ome

Y4eOHUKBT “TeKCTHIIHN MaTepraii ChC CEH30PHU CBOMCTBA U (POTOAMHAMUYHA AKTUBHOCT
(ISBN 978-954-91951-6-3) e¢ npegHa3HayeH 3a CTYIEHTUTE OT MarucThpcKaTa CHELUUaTHOCT
,»MEIUIIMHCKH TeKCTUI Ha XUMHUKOTEXHOJOTHYHUS U METATyprUieH YHUBEPCHUTET, KAKTO U 3a
BCHUYKH, KOMTO paboTAT B Tazu cdepa, MPOBEXKIAT HAYYHHW H3CIEIBAHUS, MPHJIAraT Te3u
Marepuaiy B MPaKTHKAaTa U €XEIHEBHETO CH WU MPOSIBIBAT MHTEPEC KbM HHTEIUTCHTHUTE
TEKCTHJIHU MaTepuaiu. Toil nMa 3a 111 Jja Ty 3a1103Hae ¢ IBe ChBPEMEHHU U Obp30pa3BUBAIIIHN CE
HampaBJIeHUs] B OOJacTTa HAa TEKCTHJIHOTO IPOU3BOJCTBO, KAKTO M C TEXHOJOTHUTE 3a
MoIU(UIMpaHe Ha TEKCTWIHUTE MaTepralid, 3a ja UM ObJaT NpuaieHd HOBH CBOMCTBA KaTo
CEH30pHH CBOICTBa M (POTOAMHAMUYHA AKTHUBHOCT. TEKCTHIHUTE MaTrepHalud ChC CEH30PHH
CBOWCTBA C€ OTHACST KbM T. HAP. UHTEIUTEHTHH TEKCTUIHU MaTepUat, C IOMOIITA Ha KOUTO
Morar Jia ce HabJIo1aBaT pa3IuyHu KU3HEHH (PYHKLUH, IPOMSIHA B 3PAaBOCIIOBHOTO ChCTOSTHUE
Y paHHa JMAarHOCTHKA, KAKTO U Ha Pa3IMYHU IPOMEHH B OKOJIHATa cpeia. TIXHO MPeTuMCTBO €
BB3MOXKHOCTTA 12 ObJIaT HOCEHH MOCTOSHHO, 0e3 Ja ch3aanar quckomMm@opt. [lomyuaBaneTo um e
CBbp3aHO ¢ ynorpe0ara Ha pa3IMYHU BHJIOBE WHIMKATOPHU Oarpmiia, 3aToBa CTYJIEHTHTE €
HEOOXOIMMO Jla Ce 3all03HAsIT ChC CTPYKTypaTa U MPHUHLMIIUTE Ha JCHCTBUE HAa ONTHYHUTE
CEH30pU M MPUWIOKEHUETO UM MpU MOJU(UIMPAHE HA TEKCTWJIHM Marepuaid. Pasrienana e
CBIIHOCTTa M MeXaHM3Ma Ha JelicTBue Ha QoroauHamuyHara Tepanus. [IperncraBenu ca
pa3iuuHu (POTOCECHCHOMIU3ATOPU U TSAXHATa ynorpeba mpu MojydyaBaHE Ha TEKCTUIHU
Marepuaiyd ¢ Pa3uYHd METULMHCKH MPUIOKEHUS (aHTUMUKPOOHH, CaMOIOYMCTBAIIM CE,
nedeOHM U . ).

34 CMUCAHMUE "TEKCTUN U OBNEKNO"
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Yact Il
TekCTHIHU MaTepHaJUd CbC CEH30PHU

CBOHCTBA

I1.1. CeH3opu — OCHOBHU NOHSITHA U
KjaacupuKanms

1.1. OnpenesieHue 3a ceH30p

Cnopen IUPAC XuMUYHUAT CEH30p WU

XEMOCEH30p ce iepuHUpa KaTo yCTPOUCTBO,
KOETO TpaHcPopMuUpa XUMHUYHA
uHpopmManus (Bapupama OT
KOHIICHTpalUATa Ha ompeeseHa mpobda 110
NbJIEH KOMMOO3WIIMOHEH aHalMW3) B
aHAJMTUYHO noJe3eH curdait. [1o To3u HaunH
XEMOCCH30pBT MpenocTaBsi uHGopMmarus B
peaiHo BpeMe 3a MPUCHCTBUE HA OTPEICTICHU
KOMITOHEHTH B MHOTOKOMITOHEHTHU CHCTEMH.

1.2. OCHOBHU NOHATHUSA

Crpykrypara u JeHCTBUETO Ha CEH30pUTE
C€ OMUCBAT OT CJIEIHUTE OCHOBHU MOHSITHS:

e AHAJIUT — BEIIECTBO, MPUCHCTBAIIO B
u3clie/IBaHaTa Mpobda, KOeTo MoXKe Ja Obje
ONMpPEeNEIeHO KAaUYeCTBEHO U/UIH
KOJIMYECTBEHO UM KBbM KOETO € HacOYeHO
JIECTBUETO HA CEH30Dpa.

Peuentop — cTpykTypa B CcbCTaBa Ha
CEH30pa, KOSITO pa3lo3HaBa U B3auMOJICHCTBA
C aHaJluTa W BB3/CHCTBA BbPXY CHUTHAJIHATa

enuHuua. ['onsamoTo pazHooOpasue ot

® pelenTopu IO3BOJIsIBA MPHU JU3alH Ha
ceH3opa jJa ce u3zbepe Hal-IOIXOASIIMS,
ChIJacHO IeJUTEe Ha NPaKTUYECKOTO
HPUIIOXKEHUE.

e CUrHajHa eIMHUIA — XUMHUYHA
CTPYKTYPa, KOSITO IPU ONTUYHHUTE CEH30PU CE
Hapuya xpomodop win ¢iryopodop, KOHTo
CH B3aMMOJEICTBA C €JIEKTPOMAarHUTHOTO
JTbUYEHHE Ype3 MOMTbLIaHe W/WIN U3JIbYBAHE
Ha CBETIMHA U CE NMPOMEHS B pe3yiaTar Ha
CBBP3BAHETO HA aHAJIMWTA C PeLenTopa upe3
U3MEHEHHE B EJEKTPOHHATa CH IUIBTHOCT,
4ype3 NpecTpyKTYPUPAHE U JIp.

e CurHaja — (QU3NYHO SIBICHUE, KOETO
MoOe Ja Ob/ie HAOMI0aBaHO OT YOBEK WM
pEerucTprupaHo ¢ IOMOIIITA Ha arnapar.

1.3. CTpykTypa u AeiicTBHE HA CEH30P

Ha ¢urypa 1 e npeacraBeHa cxeMaTH4HO
CTPYKTypaTa Ha CEH30p, KOUTO C€ ChbCTOU OT
pelenTop MU CUTHAJIHA €JUHHUIA.
CBBp3BaHETO HA PELENITOPA ChC ChOTBETHUS
aHAJIUT ce TpeAaBa Karo WHGOpPMAIUS OT
curHaimHaTta eauHuna. llpm onTuunuTe
CEH30pM Ta3u MHpOpMalUs Ce u3passiBa B
IPOMSIHA Ha IIBETA U/WIN (TYyOPECIICHITUATA.

AHanut

¢ PEUENTOP

CurHasnHa
. . eaAnHnUa

—>

CurHan -
MHPOopMaunAa

®@ur. 1. CtpykTypa U IeiCTBHE HA CEH30D
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CnpHUYEeBaTa CBETIHUHA €
€JIEKTPOMAarHUTEH NOTOK OT (OTOHU
(KBaHTH), YUATO E€HEPIHsl CE€ OMpPENeNsl ChC
cnenHoto ypaBHenue (1):

E =hv =hc/A

CobuiecTByBaT rojissM Opoil ceH3opH 3a
pa3lINYHUA aHAJWUTH W BBIPEKU TOBA
THPCEHETO Ha HOBU ChEIUHEHUS € aKTYaJTHO,
ThU KaTO M3MCKBAHUATA KBM TAX ca
pa3HooOpa3Hu, B 3aBUCUMOCT OT 3ajadara,
KOATO TpsiOBa 1a m3mbiaHABAT. [lo-BaxkHUTE
XapaKTEPUCTUKH, KOUTO OMPEAECTAT

(1)

KpAC€TO v € H€cCcToOoOTaTa Ha
CICKTPOMATHUTHOTO JTBYCHHUC, h —

MPHUJIOKCHUCTO HAa CCH30PUTC Ca CIICAHUTC:

* YUyBCTBUTEJIHOCT (Hall-MaJIKOTO

ONpe/IETICHO KOJTMYECTBO OT aHAJIUTA);

» OOparumocT;
* JInHAMHUYHOCT;
e JluHeliHAa 3aBUCUMOCT OT

KOHIIEHTpaLUMsATa Ha aHaJIUTa (ompenens
pabOTHHS UHTEPBAJI, B KOUTO CEH30pa MOXKE

Ja

Ce M3I0JI3BA);

* Bpeme Ha 0TrOBOp;

* MHOTOKpaTHO MPHUIIOKEHHUE;
TexHUUYeCcKH TapaMeTpu, CBbpP3aHU C

o0JacTuTe Ha MPUIIOKEHHE;

36

* [{ena.
1.4. E1eKTPpOMATHUTHO JIbYeHHUe

KoHcTaHTaTa Ha [lmank (h=6,626.10"J.s), . —
IhJDKAHATA HAa BBIHATA, ¢ — CKOPOCTTa Ha
CBETJIMHATA BB BakyyM (¢ = 2,998.10"' m.s").

Ha ¢urypa 2 ca npeacraBenu oTnenHuTe
00JIaCTH Ha EJIEKTPOMAarHUTHOTO JIbYCHUE.
['ama npuynMTe MMaAT Majdka IbJDKMHA Ha
BbJHATa M TroJjisMa €HEeprus, 10KaTo
pPaJUOBBIHUTE MMAT Malika €HEeprus Hu
rojasiMa JIbJUKMHA Ha BbJIHara. Buaumara
00JIacT MpeCTaBIsIBa MHOTO MaJika 4acT OT
LEUsl €JIEKTPOMAarHuTeH CIEKThpP U C€
HaMupa MEXJy YJITpaBHOJIEeTOBATa H
uH(ppauepBeHara o0IacT Ha CHEKThpa.

400 nm 500 nm 600 nm 700
BMOAMMA CEETNHWMHAG
PeHTreHoBM MRS aENH
—_—
ATpa- o
rama m:'-m 5 MHppa | paauo
< , 'BUOJIETOBU yeppeHu
mEtE‘rs ! '] 1 1 1 1 1 1 1 1 1 1 1 1 1
1013 o1 1077 107 10°% 10? 107! 10
AbHKHMHG
cm L ' 1 1 1 1 | 1 L ' 1 1 i | ]
Ha 107! 107 107 10°% 10} 107! 10 10?
BEbNHATA nm 1 1 1 1 1 1 L I 1 1 1 1 1 I
104 102 10? i0% 104 10% 107 io%
HectToTa Hz . L i I i 1 J '
1p=! 11 i 1017 1913 1012 pgt? 10 107
eHeprua  koal — — — ' ! ! I
P 10® 105 104 102 10° 102 104 10¢

@ur. 2. O0nacT Ha ENEKTPOMArHUTHOTO JIbYCHUE

CNMUCAHMUE "TEKCTUN N OBJNIEKJ10"
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Heiinusat oOxBar 3amouBa ot okoio 400 nm
(BuonieroBa cBetrnuHa) A0 700 nm (duepBeHa
ceemmHA). [IpexoabpT MEXIy IBE ChCETHH
o0nacTv BbB BHIMMATa CBETJIMHA € IJIABEH, a
[IBETHT U 00XBATHT Ha BCAKA OT TSIX € MOKA3aH
Ha ¢urypa 3.

700 nm, 400 nm

580 nm

@dur. 3. OcHOBHH II[BETOBE Ha BHUIUMATa
CBETJIMHA 1 00/1aCT, KOSATO 00XBaIlaT

bsnara cBeTnMHa ce moJsiyyaBa IpuU
CMECBAHETO HA YEpBEHA, 3€J€HAa U CHUHA
CBETJIMHA C €JHAaKbB MHTEH3UTET. To3u
IIBETOBU MOJIEN € U3BECTEH KaTo aJAUTHBHO
CMECBAaHE Ha ILBETHHU IMOTOLM CBETIHHA,
KaKTO € [I0Ka3aHo Ha purypa4.

S €

CHHS 3eJIeHa JyepBeHa aAJAUTUBHO
CBEeTVIHHA  CBETJIMHA CBETJIMHA CMECBaHe HA
AbJIZKHHA Ha BbJIHATa HUBETOBETE

@ur. 4. bsta cBeT/IMHA U ATUTUBHO CMECBAHE
Ha IIBETHU [TOTOIH CBETJINHA

BropuynuTte LBETOBE Ha CBETIMHATA CE
nojiyyaBaT 4ype3 KOMOMHUpaHE Ha JBa
OCHOBHU LBsTa CBETIHMHA B PaBHHU

TEXTILE AND GARMENT MAGAZINE

KOJIMYECTBA:
YEPBEHO + CHUHBO = NypHYypEH
(MamxkeHTa);
CHUHBO + 3€JI€HO = [[MaH;
YEPBEHO 1 3€JICHO = JKBJITO.

®ur. 5. CyoTpakTUBHO CMECBaHE Ha
OBETOBETC HAa IBETHHU BEUICCTBA

[Ipu paGora c uBeTHH BemiecTBa (Mpu
OarpeHe M reyar) ce U3MoJ3Ba Jpyr LIBETOBU
MOJIeJl, U3BECTEH KaTo CyOTPaKTHBHOTO
cMecBaHe Ha I[BeToBeTe. L[BeTHUTE BemecTBa
MOTTBIIAT ONPEACTICHH IhDKUHI Ha BHITHUTE
oT 0Osnara CBETIMHA U €JHOBPEMEHHO
OTpa3sBaT APYTHM ABDKHHU Ha BBIHHUTE.
[TomoOHO Ha angWUTHBHUS MOJEN U TMPHU
CyOTpaKTUBHOTO CMECBAHE Ha IIBETOBETE OT 3
OCHOBHU IIBSITA B Pa3inyHa KOHICHTPAIHS:
CUHbO-3€JeHO (IHuaH), NypnypHoO
(MaKeHTa) U KBJITO, TCOPETUYHO MOXKE Ja
C€ MOJY4Yd MHOTO HIUPOK CHEKTBP OT
MIPOU3BOJIHU [IBETOBE, KOUTO Ca MO-THMHH OT
u3xonHute. EMHOBpEeMEHHOTO cMeCcTBaHE Ha
[IBETHH BEII[ECTBA C XKBJT, IMaH U MaHKEHTA
IBSIT BOJIY JIO MTOJTy4aBAaHETO Ha ThMHOKAa(sIB
I[BAT, KAKTO € TTOKa3aHo Ha purypa 5.

1.5. EleKTpPOHHHU NpexoaAHu B

MOJICKYJINTE HA OPraHUYHUTE ChbeIMHECHUSA

NPpH B3aAaMMOJAENCTBHETO UM C

€JICKTPOMATHUTHOTO JIbYCHUE
XUMHUYHUAT CTPOEXK HA MOJEKylara
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onpenens HeMHUTe GyHKIIMOHAIHUA CBOMCTBA
U HAYUHDBT U Ha B3aUMOJIEHCTBHUE C
€JIEKTPOMArHUTHOTO JbueHUe. [[Be ca
ChBPEMEHHHUTE TEOPHUH, KOUTO JaBaT
KOJINYECTBEHA OIIEHKa Ha Bpb3KaTa MEXIy
CTPYKTypaTa U IBETa/JTyMUHECIICHIUATA Ha
OpPraHUYHUTE CHEAUHEHUS.

1. Teopusi Ha BaJICHTHUTE BPb3KU —

Crnopen Ta3u Teopusl €IEKTPOHHUTE JIBOMKH,
oOpa3yBallu BalleHTHaTa BpPb3Ka Ce€
JOKaJM3UparT MpU OINpeAeSIeHU aTOMHU B
MOJIEKYJIaTa.

2. Teopusi Ha MoJIEKYJIHUTE OPOUTAIHN

— Cnopen Ta3u Teopusl €IEKTPOHUTE Ha
BaJICHTHATa BpPb3Ka ca pa3IOJIOKEHU B
cucTeMara Ha MOJIEKYJHUTE OpOuTamu C
JUCKPETHA EHEPTHSL.

Enextponnurte, BUOpPAaiMOHHU U
POTALlMOHHM MPEXOJU Ca TPUTE OCHOBHHU
pexoAa B MOJEKYIUTE, BCEKH OT KOUTO C€
XapakTepu3upa C OIpejelieHa €HEPTrHUsl.
HeoOxoanmo ycinoBure 3a OChIIECTBSIBAHE Ha
IIPEXOJ, HA E€JIEKTPOHUTE B MOJIEKYJIUTE Ha
XUMHUYHUTE CHEJAUHEHHUS OT HOPMAJIHO
(HOMO) BbB BB30yneno (LUMO)
CbCTOSIHE € MOTbJIHATUTE (POTOHU J1a ca C
€HEeprus paBHa Ha pas3jiuKaTa MEXAY
eHeprusTa Ha Bb30yJeHOTO cheTosiHue EB u
€HEprusiTa Ha HOPMAJHOTO CBHCTOSHUE Ha
MoJiekynaTta EH, cbriiacHo ypaBHEHHE (2):

AE =EB—EH (2)

EHepreTnyHnTe HMBa B MOJIEKyJaTa ce
NPEACTaBIT Tpa@uIHO Ype3 auarpamara Ha
S1650HCKH, KOSITO € MpecTaBeHa Ha Gurypa
6. Ta e ompocTeHa BU3yanau3alus Ha
BB3MOXXHHUTE (POTOXMMHUYHHU MPOIECH, a
UMEHHO: abcopOmnus, dayopecueHus
dbocdopecreHnnsi, BbTpEIIHA KOHBEPCHS,
BUOpamuMOHHA pellakcanus,
WHTEPKOMOMHAIIMOHHA KOHBEPCHS, TACCHE Ha
duryopecueHnusra.

CHUHTIETHUTE CHCTOSHUSA, KBIETO
EJIEKTPOHUTE Ca C MPOTUBOTIOIOKEH CIIMH Cca
ob6o3Hauenu ¢ [S], ceoTBeTHO [S,, S, S, .....].
O0603HauEHUETO HA TPUTUIETHUTE ChCTOSHUS,
KBJETO EJICKTPOHUTE Ca C €HAKHB CIUH € C
[T],cborBeTHO [T, T,, T;.....]. BuOpauuonuu
HUBa Ca CBBP3aHU C BCAKO CHEPTETHYHO
HUBO. BepTukainute cTpenku, HaCOYCHU
Harope, OTroBapsAT Ha abcopOrius Ha GOTOHH,
3armoyBaimia OT HaW-HUCKOTO €HEPreTHYHO
CbCTOAIHUE S, Topanu ¢axTa, 4e MOBEYETO
MOJIEKYJIU Ca B TOBa OCHOBHO E€JEKTPOHHO
CHCTOSIHME MPU HOPMAJIHU yCIOBUS.
Abcopbuusra Ha GOTOH BOIH JI0 €IIEKTPOHEH
IPEXOo]l Ha Koe J1a € BUOparimoHHo HUBO (v =0,
1, 2) Ha mazeHo eNeKTPOHHO ChCTOosIHUE (S,
S,). ®@nyopecuentHa emucus obade ce
Ha0I01aBa €IMHCTBEHO OT OCHOBHOTO
BUOPAIIMOHHO CHCTOSIHUE HAa BbH30YIEHOTO
€JIEKTPOHHO HHUBO, T.e. TpsibBa ga ce
OCBIIECTBM BUOpAIMOHHA peJaKcaius B

paMKHUTE Ha S, HUBOTO.

ke uK @
i .
)
F"
7 ¥4 E

A — abcopbuus

®JI — pnyopecueHIHs

@& — pochopecueHust

BK — BbpTpenna kouBepcus

BP — BuOpanunonHna penaxcanus
UK — uHTEpKOMOMHALIMOHHA
KOHBEpCHs

I'®dJI - racene Ha
(hayopecueHusTa

®ur. 6. /luarpama Ha S0610HCKH
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[Io3HaTu ca HSKOIKO Bb3MOXKHU Ha4YMWHa,
IO KOHUTO CJICKTPOHBT MOXKC Oda OTAaIAC
HU3JIMIIHaTa CH CHCPIuA M Ja CC BBPHC B

OCHOBHOTO CHU CbCTOsIHME (S,), KOUTO ca
noka3aHu Ha ¢purypa 7.

EnexTpoHHO BB30YIEHO CHCTOSHHE

W3npyBarennu npouecu I

:I besusnpuBaresnHu npouecu I

v v

v v

CJICKTPOHHU ChCTOAHUA

C Onyopecuennus ) C Dochopecuenus D

IIpexon mexnay
BHUOpalMOHHH HUBA

IIpexon mexmy

v

Brrpemna
KOHBEPCHUs

Bubparronna
pesTaKCalys

HHTepkoMOMHAIMOHHA
KOHBEPCUSL

®@ur. 7. Bp3MOXXKHU TTPoIIECH Ha JIe3aKTUBAIS Ha (OTOBB30YICHUTE MOJICKYIH

[Ipomecutre Ha Ae3aKTUBAIUS MPOTUYAT
YCIOPETHO €/IMH C JIPYT, KaTo roJieMUHATa Ha
CKOPOCTHUTE KOHCTAHTHU OMNpeaAes
MPUHOCHUTE HA BCEKU €IMH OT THX.

» MWM3iabuBare/iHa Je3aKTUBALUSA
[Ipu Hes W3TBYBAHETO € B OCHOBaTa Ha

BH3CTAHOBSABAaHE HAa OCHOBHOTO CHCTOSIHHE.
AXo ne3akTuBanusITa Ha Bb30ylneHaTa
MOJICKYJIa € OT CHHIVIETHO ChcTosiHue (S)),
NPOIECHT MPOTUYA MHOTO OBP30 U CE Haphya
¢giyopecuenyun — NpOABIDKATEITHOCTTA HA
nesaxtuBanmsaTa € or 10° 1o 10° sec. Tx
NpeNCTaBlIsiBa pellaKkcamus MPU MPeXo]
MEXIy HUBa C €JIHAKBa MYJITHIIJIETHOCT
(S,—S,). Ako ge3akTuBamusITa Ha
BBH30y/IcHATa MOJIEKYJa € OT TPHIUIETHO
cbctosiaue (T,) B OCHOBHO CHHIJIETHO
cheTostHuE (S,), MPOLECHT € C MO-TOIIMO
BpEMeTpacHe U ce Hapu4a gpocghopecuenuusn
— MPOIBIDKUTEITHOCT Ha JIe3aKTUBAIUATA OT
10° 10 10™" sec. To3u pexo1 € CHIPOBOIEH C
oOpbIIaHe Ha CIIMHA Ha efleKTpoHa. Huckust
JIMTIOJICH MOMEHT Ha MIPEXo/ia Mpeaonpeaess

TEXTILE AND GARMENT MAGAZINE

U cnabusgs MHTEH3UTET Ha
dbochopecnennuara. OcBeH ¢ HUCKAaTa CHU
BEpOsITHOCT, pocopecueHuusTa ce
xapakTepuszupa ¢ 0aBHa eMHUCHUSA Ha
CBETJIMHHH KBAaHTH, OTHOBO JIBJDKAIA CE Ha
3abpaHara MO MYJTHIJIETHOCT, JOKAaTO
dbyopecueHuaTa nporuda ObpP30 3apagu
rojsiMmaTa BEpPOATHOCT 3a mpexon. [lpum
U3KIIIOYBaHE HAa M3TOYHHMKA Ha BH30yXKmaHe
U3IbYBAHETO CE€ TMPEYyCTAaHOBSBA MPHU
¢dyopecueHnmnuaTa, HO OCTaBa HM3BECTHO
Bpeme pu hochopecrieHITUATA.

> DBesmsapuBare/Ha 1e3aKTHBALNA
Koraro mosekynata mma Bb3MOXKHOCT 3a

TpEenTeHus W poTaiuu, abcopOupaHaTa
CHEeprusi MOXe Jna ce mpeobpa3yBa B
KWHETUYHA TIPU COMBCHK C APYTH MOJICKYIIH.
ToBa siBIeHWE ce Hapuda BHOpalMOHHA
penakcanus (BP) m e mpumep 3a
0e3W3IbYBATEIIHO BH3CTAHOBSIBAaHE Ha
OCHOBHOTO CHCTOSIHUE Ha MOJIEKYJaTa.
EnexrpoHuTe OT mMo-ropHUTE BUOpAIIMOHHU
HuBa (v = 1, 2) mpeMuHaBaT Ha HYJIEBOTO
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BUOpanmonHo HUBO (v = 0) Ha nageHo
€JIEKTPOHHO ChCTOSIHUE (HAMp. S, ), IPU KOETO
BUOpAIMOHHATA EHEPTHUs ChILO CE MPEBPbBILA
B KuHeTH4Ha. [{pyr BuJ Oe3U31bUBATEIHU
npexoau ce HabnawIaBaT, KOrato
BUOpALlMOHHUTE HUBA Ha BbH30YJIEHOTO M
OCHOBHOTO CHCTOSIHME Ca C paBHA €HEprus,
IIPU KOETO CTaBa JUPEKTEH Ipexo, 0e3 1a e
CBIIPOBOJIEH C M3JIbYBAHE HA CBETJIMHHA
eHeprus. I[lpouechT ce Hapuya BbTpEILIHA
koHBepcusi (BK) u ce ochuiectssiBa Mexay
CBhCTOSIHUSA C €JIHAKBAa MYJITHUILIETHOCT. B
pa3TBOp TO3M HPOLIEC € ClIeJBAaH OT
BUOpAIIMOHHA peJlakcalys 10 Hal-HUCKOTO
€HEPreTUYHO HUBO, KaTO €HEPrusita OT Hes
MOKE Jla CE€ MPEXBBPJHU BBPXY OJHU3KO
Pa3I0JIOKEHUTE MOJIEKYIIN Ha Pa3TBOPUTEIIS.

CXO0/1eH Ha HEero MpoIIeC € TaKa HapeJyeHara
nHTepKkoMOuHamonHa koHpepcus (UK).
MexaHu3MbT € MJEHTUYEH C TO3U Ha
BBbTpPEILIHATA KOHBEPCHS, HO POTHYA MEKIY
HUBA C pa3inu4Ha MyiaturmietHoct — (S,—T)),
cleBaHO OT JApyru mnpouecu. IIpexoau ot
TaKbB TUI ca 3a0paHEHU [0 CUMETPHUSI, HO B
HAKOM CJIy4YaW CHNUH-OpPOUTANHUTE
B3aMMOJEWCTBUSL MOTar ga Obaar
JOCTAaThb4YHO CUJIHU U Ja IO HANPaBAT
Bb3MOXKeEH. BeposatHocrra 3a UK 3aBucu or
yuactBamute S 1 T chCTOSHUS.

1.6. XuMHYEH CTPOeK HA CUTHAJIHATA
ennHnna (xpomogop/ gpayopodop)

CurnanHarta eauHuna (OpraHuyHa
MOJIeKyJla) B chCTaBa Ha CEH30pa
B3aMMOJIeiicTBa C €JIEKTPOMArHUTHOTO
abueHue 4pe3 abcopOuus Ha CBETIMHHA
eneprus. Koraro ta3u eneprus e ¢ rojgeMuHa,
OTroBapsilia Ha BUAMMAaTa CBETJIMHA, TOraBa
CUTHAJHATa eMHUIIA C€ Hapu4ya XpoMoQop U
B3aMMOJICHCTBUETO Ha CEH30pa C aHaJuTa
BOJIH JI0 IIPOMEHS B [IBETA MY, KOETO MOXKE J1a
ce Ha0Iro1aBa C HEBbOPBKEHO OKO. AKO Clle]
abcopO1us Ha €JIEKTPOMArHUTHOTO JIbYECHHUE,
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XpoMo(OpbT M3IbYBA CBETIIMHA, TO TOM ce
Hapuya guryopodop.

CepluecTByBaT ONPENEIEHU HU3UCKBAHUS
ChIJIaCcHO, KOUTO €JIHO OpPraHUYHO
ChEJIMHEHUE MOXKE J1a UMa LIBSIT.

— Jla cbabpprka OTBOpEHA WK 3aTBOPEHA
CUCTEMa OT CIIPErHaTH JBOMHM BPB3KH, KOSITO
OTHOCHUTEIIHO JIECHO IPEMHUHABA OT OCHOBHO
BbB Bb30YyJE€HO CBHCTOSHHE, MOTTbIIANKU
€JIGKTPOMarHUTHU KBaHTH;

— B cucremara or cnperHatu BOWHH
Bpb3KHU Ja ObJaT BKIWYEHHU
enektTpouagoHopuu (EJ) u
enexktpoHakuentopuu (EA) rpymu, xouto
MOBUIIABAT JEJIOKAIU3aLUATA U, C KOETO Ce
HaMaJIsiBa 3HaYUTEIHO EHEPrusATa Ha IPexoa

OT OCHOBHO BbHB B’b36YI[€HO CBbCTOSHUC.
Omeopeua cucmema om cnpecnamu

0B0UIHU 8DB3KU
Ha ¢urypa 8 e mpencraBena xuMuvHara

CTPYKTypa Ha [3-KapOTeH KaTo MpeacTaBUTE
Ha XpoModop ¢ OTBOpEHa cucTema OT
CIIPETHATH JBOMHU Bpb3KU. [Ipn Hanuuue Ha
CTIPErHaTH JIBOMHM BPB3KHU ce 00pazyBa 00111
€JIEKTpOHEH 001aK, KOWTO MMa MOBMILIEHA
MOJBUKHOCT, IOPaJH KOETO € HeoOXoauma U
o-Majlka €Heprus 3a IpEeMHHAaBaHE Ha
MOJIeKyJiaTa BbB BB30yIE€HO CBHCTOSHHUE.
Konkoro mo-roisiM € Opost Ha CperHaTtute
JIBOMHU BPB3KH, TOJIKOBAa aOCOpPOIMOHHHTE
CIEKTPH CE€ U3MECTBAT BbB BUMMATa 4acT Ha
crnekTbpa. B cmywas mpencraBeHus -
KapoTeH cbabpka 11 cnperHatu ABOWHHU
BPB3KH U [IBETA MY € OPAHKEB.

®ur. 8. XuMu4Ha CTpyKTypa Ha J-KapoTeH
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3ameopena cucmema om cnpezHamu
0BOIIHU 8Db3KU

Ha ¢urypa 9 ca npencraBenu xpomodopu
ChC 3aTBOpPEHa CHCTEMa OT CIpErHatu
NBOIHM Bpb3kHU. HapacTBanero Ha Opos Ha
JBOMHHUTE BPB3KM CE€ MPOMEHS B pena:
HaTeH, aHTpaleH W OCH3aHTpAIeH, KOETO
BOIM JI0 M3MECTBaHE HAa MAKCHUMyMHUTE B
abcopOuronHuTe UM cnekTpu. CroiHOCTTa
Ha MAaKCUMYMHTE C Hail-roysiMa JbJKHHA Ha
BBJIHATA B TPUTE XpoModopa ca CHOTBETHO
311 nm, 370 nm 1 480 nm. B pe3ynTar uBeTsT
Ha OCH3aHTpalleHa € OpaHXXeB, ThH KaTo
a0COpOIIMOHHUTE My MAaKCUMyMU ca BbB
BUIMMAaTa 00JacT Ha €JIEKTPOMArHUTHHS
CHEKTBP, JOKATO HAPTEHBT U aHTPALIEHBT Ca
Oe3uBeTHU. BKIIIOUBaHETO B MOJIEKy/Iara Ha
xpomodopa Ha EJl m EA rpynu Bogm 1o
JIeNIOKaIN3alKs Ha eJIeKTPOHHATA TUThTHOCT.
Konkoro mo-romsima e momsipu3anusita Ha
MOJIEKyJiaTa, TOJKOBA IMO-UHTEH3WBHA €
abcopOrusaTa Ha UBULIUTE OT BUAMMATA YacT
Ha CIIEKTha.

Hadranen

1,8-Hadramumug

AHTpaneH bensantpanen

bensantpon AHTpaxuHOH

®ur. 9. Xpomodopu cbc 3aTBOPEHA CUCTEMA
OT CIperHaTH ABOWHU BPB3KHU: HadTalleH,
aHTpaleH, OeHzaHTpaneH, |,8-HadTanumun,
OEH3aHTPOH, AHTPAXUHOH

B Tabnuna 1 ca mpeacraBeHu Tpu
chenuHeHus: (eHos, HUTpoOeH3eH u 4-
Hutpodenon. Penonst npurtexana EJ|
XHUJIPOKCUIJIHA TPpyTIa, a HUTpoOeH3eHbT — EA
HUTPO rpyna. Biwkna ce, ue abcopOLnoHHUTE
UM MaKCUMYMH ca MpUOJIIN3UTETHO €THAKBHY,
HO MojapHara uM abcopOoupyemoct (g) e
paznuuHa. BxmtouBanero Ha EJ[ u EA rpynu

TEXTILE AND GARMENT MAGAZINE

B JBaTa CPCIIYMOJOXHH Kpas Ha
OEH3E€HOBOTO SIPO BOJIU A0 00pa3yBaHETO HA
JTHUTION, B PE3yJTaT Ha KOETO HACTBIIBA
H3MECTBaHE Ha MAaKCUMyMHUTE B
a0COpPOIMOHHUS CIEKThP KBbM MO-TOISIMA
IBJDKMHA Ha BBhJIHATA M HapacTBaHE Ha
MoJIapHaTa abcopOUpyeMOCT.

Tabmuna 1. AGcopOLIMOHHM MaKCUMYMHU
u MoJiapHa abcopOupyemoct Ha (eHoI,
HUTPOOCH3EH U 4-HUTPO(DEHOI

CheuHenne Amax, nm €

@ on 275 1450
@N o 268 7800
HOONOZ 312 12 000

Buoose enexmponu, uzzpasxcoauju
CuUZHalIHama eOUHUUA HA CeH30pa U
6D3MOINCHU €/1eKMPOHHU Npexoou npu
abcopbyua Ha eneKmpomazHUMHOMO
JbYeHue

3a 1a ce OCBhIIECTBM NpOLEC Ha
BB30y’)KJJaHEe Ha eIEKTPOHUTE B MOJIEKYJaTa,
e HeoOxoMMo eHeprusaTa Ha (hoToHa f1a Obie
TOYHO paBHA HA €HEPrusTa, OINpeeseHa OT
mmmpuHata Ha HOMO-LUMO 3onara unu
AE, cpriiacHo ypaBHeHue (2). [onemunara Ha
Ta3uW eHeprus 3aBUCHU OT BHUJA Ha
€NEeKTPOHUTE, KOUTO ydacTBaT B
U3rpaxK1aHeTo Ha Mosekynute. Te GuBar Tpu
BUJIA U Bb3MOKHUTE €JIEKTPOHHU MPEXOAH, B
KOWUTO MOTaT Ja y4acTBaT Ipu IpeMHUHABaHE
Ha MOJIEKyJiaTa OT HOPMaJIHO BbB Bb30YJICHO
ChCTOSIHME ca moka3aHu Ha ¢urypa 10.
Enexrponute, kouto o0pasyBar mnpocra o —
Bpb3Ka MEXJIy aTOMHUTE C€ Hapuyar CUrMa
eJeKTpOHU. Te ce HamMupar B OCHOBHO
ChCTOSIHUE HAa 0 — CBBP3BALIO0 HUBO.
Enexrponute, kouto oOpa3yBar CI0XHU
(1BOMHM W TpPOIHM) BPB3KM CE€ O3HauaBaT
KaTo 7w — eJIeKTpoHH. Te ce Hamupar B
OCHOBHO ChCTOSIHUE HA T — CBbP3BalO HUBO.
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To e ¢ mo-rojsiMma eHeprusi OT Ta3u Ha 0 —
CBBP3BAIIOTO HUBO. EnekTpoHuTe, KOUTO HE
ydacTBaT B 00pa3yBaHETO Ha BPB3KH, T.C.
CBOOOIHUTE €JNEKTPOHHU ABOWKH, C€
O3HAuaBaT C /7 W 3aeMaT T.H. HECBbp3BalllU
opOUTaNM, YUATO €HEeprusi € Mo-rojsiMa Ot
Ta3u Ha ¢ U @ — CBbp3BauTe HUBA. [Ipu
HAaCUTEHUTE BBIIIEBOJOPOJIU, KOUTO ca
U3TPaJIeHH CaMo OT 0 EJIEKTPOHU € Bb3MOXKEH
npexoga ¢ — o*. Ilpu cbeauHeHuUs,
ChIbpKaUlM NBOWHA Bpb3Ka MMa T
CJIEKTPOHU U IIPU TAX € Bb3MOXKEH MPEXOAbT
T — W%, 328 KOUTO € HEOOXOAUMO
€JIeKTPOMAarHUTHO H3TbYBaHE C IMO-MajKa
IbKMHA Ha BbJHara. [lpu chenuHeHus,
ChIBpKAIH HEOOOOIIeHU EJECKTPOHHU
JIBOVMKH, HEy4acTBaIIl BbB BaJICHTHA BPb3Ka,
mpu ¢ xerepoaromu O, N, S ca Bb3MOXKHHU
npexoauTe n — ¢* u n — m*, OT KOoUTo
BTOPHST W3UCKBA Hall-MaJko eHeprud. [Ipu
JIeJIOKaJTU3UpaHUTEe CUCTEMH, U3TPAZACHHU OT
IBITHA BEPUTH OT CIIPETHATH JBOWHU BPB3KHU
(pemyBamm ce JABOWHU W TPOCTU BPB3KH)
CIIPEKEHUETO BOAM [0 cOIMKaBaHE Ha
€EHEpruuTe Ha T U Tm* opOuTanuTe,
CJIEIOBATEIHO BH30YXAAHETO CE OKa3Ba IO-
JIECHO OCBIIECTBUMO, OTKOJIKOTO B JAPYTH
Mosiekynu. Hanuumero Ha xeTepoaToMu B
XUMHYHATA CTPYKTypa BIHUsiE OIAarompusiTHO
Ha QuIyopeleHTHATa EMUCHS, KOETO C€ IbJIKU
Ha HEMOJCJICHU EJIEKTPOHHU IBOWKH TIPHU
Te3n atomMu. OcBeH 4e OMxa MOIIM Jia ce
CIpeTHaT C HAJIWYHU JBOWHH BpPB3KH, TE
OCBIIECTBSBAT M 3a0paHEHUs MPEXOA OT
HECBBbp3Balla KbM aHTHCBBbp3Balla
opbutana. B To3u ciyuail HecBbp3Bamiara
opOuTana ce HaMuUpa Ha MO-BHCOKO
€HEepPreTUHYHO HHMBO OT CBBbp3Ballara, TO
npexoia n — m* € Mo-eHepreTUYHO U3rofIeH
BBIIPEKU pa3nnyHara cumerpusi. EHeprusrta
Ha ydacTBallUTe OpOMTaIM ompenend
¢doTrodu3nuHNTE CBOWCTBA HA MOJICKYIHUTE,
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KOHUTO MOrar Ja 6’bHaT OIIPCACIICHU YPC3
COICKTpPAaIlIHHU U3MCPBAaHHUIA.

o* (aHTUCBBP3BaLLA)

7+ (QHTMCBBP3BaLWA)
T [ ke
n (He cebp3BaLla)

EHeprua

T c—o*

7 (cBbp3BaLLA)

o (cBbp3BaLa)

®ur. 10. Bb3MOXHU €JIEKTPOHHU TPEXOIN
IIPY IPEMUHABAaHE HA MOJIEKyJaTa OT HOPMaJIHO
BbB Bb30yJICHO ChCTOSIHHE

1.6.1. IIBeTHU ChbeIMHEHUSA —
xpomodopu, cnekrTpodoromeTrpusi u
KOJIOpUMeTpHs

1.6.1.1. N3mepBaHe Ha HBeTa Ha
xpomogopure B pa3TBop

[lpy nBeTHHTE CHETUHEHUS BAJICHTHHTE
eJIEeKTPOHU MPEMHUHABAaT BHB BBH3OYICHO
CBCTOSTHHE TIPH TOTIIbIaHe Ha (POTOHH OT
BHJAUMAaTa 4acT Ha CHEeKThpa, T.C.
OCBHIIECTBSIBAT C€ E€JIEKTPOHHHU
abcopbumonnu npexonu. IIpomsinara Ha
TPENTEeHUSTa HAa aTOMHUTE B MOJIEKyJaTa
cboTBeTcTBa HAa MH(ppauepBeHara obnact Ha
eNIEKTPOMArHUTHHS CIIEKTHP. Br3npustuero
3a [BAT Ce MoilyyaBa OT He abcopOmpaHara
YacT Ha CITbHYEBHUS CIIeKThp. B Tabnuma 2 ca
NpeacTaBeHU 00JacTHUTE OT BHIUMUS
CIEKTBp, KOUTO ce abcopOupar OT JaaeHo
[[BETHO BEIIECTBO M CHOTBETHUS HETOB
HaOJII0/1aBaH LBSAT.

Ta6auma 2. AGCopOLIMOHHN MaKCUMYMH,
abcopOIMoHeH 1 HaOr0aBaH IBAT
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A max, nm | aGcopOoupan | HadJI0IaBaH
UBAT UBAT

400 - 430 nm BHOJICTOB KBJITO — 3€JIEH
430 - 480 nm CUH KBAT
480 - 490 nm | 3€JIEHO — CHH OpaHXeB
490 - 500 nm | CHHBO - 3€JIEH YepBEH
500 — 540 nm 3eneH ypIypeH
540 - 580 nm | *XBJTO — 3€IEH BHOJICTOB
580 - 590 nm KBIT CHH

590 - 630 nm OpaHKeB 3€JIEHO - CHH
630 - 700 nm YCPBCH CHUHBO - 3€JIEH

Cbc cmekTpodOoTOMETHp Ce M3MepBa
abcopOuusaTa Ha €JIEKTPOMArHUTHOTO
ATbPY4E€HUE OT pa3TBOpa UIH
cBeTIOMmOTAbIOIaHETO. B pesynrar ce
nojydyaBa aOCOpOUMOHEH CHEKTBHP.
[IponyckaHeTO Ha CBETJIUHEH JIbY, C
nHTeH3uTteT [,, mpe3 pa3TBOp Ha
U3CJIEIBAHOTO BEIIECTBO BOJIU J10 abcopOLus
Ha 4acT OT JIbYSHHUETO OT MOJICKYJIUTE My. B
pe3yiTar MHTCH3UTETHT Ha MPEeMHUHAIUS
CBETJIMHEH TIOTOK | € Mo-HUCHK OT TO3U Ha
u3xomuawust [, OueBHuIHO, KOJIKOTO 1MO-1e0er e
CIIOAIT, TTPe3 KOWTO MPEMHUHABA JTbYa, TOJTKOBA
no-roxsma me Obne abcopOuusara u
CHOTBETHO TO-HHCHK KPalHUS HMHTCH3HTET.
bposT Ha MonekynuTe, KOUTO (POTOHHTE IIIE
CpCIIHAT, 3aBHCH OT KOHIICHTPAIUSITa MM B
pa3ztBopa. lloHexke Bcsika MoJeKyjaa uUMa
pasnuyHa CIOCOOHOCT J1a B3auMOJIeHCTBa
ChC CBETIIMHHHUTE KBaHTH, HEOOXOAMMO € Ja
Oblle BBBEACH U OIIEC C€IWH KOC(HUIINEHT,
KOWTO J]a XapakKTepus3upa TOBa CBOICTBO, a
MMEHHO MojapHa abcopOupyemocT. EmgHo
ChEeIMHEHNE UMa MOJIapHa abcopOupyeMocCT
eIMHHMIIA, KOTaTo B KIoBeTa ¢ iebennHa 1 cm u
pa3TBOp ¢ KoHIeHTpamus | M, uzmepenara
abcopOuusi e paBHa Ha 1. OOGoOmaBaiiku
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Ka3aHOTO, a0copOLUATA HA CBETIMHEH MOTOK
OT pa3TBOpP 3aBHCHU OT jAebeliMHATa Ha
KIOBETaTa, KOHIIEHTpauusaTa M MoJlapHaTa
abcopbupyemoct. KonuuecTtBoTo Ha
abcopOupaHaTa OT BeIeCTBaTa CBETIMHHA
SHEeprusi Ce OMpEeeNs ChIIACHO 3aKOHA Ha
byre-Jlam6epT-beep, npeacrtaBeHn c
ypaBHeHue (3):

A =lg (Illo)=&.c.b 3)

KBJIETO:

A —un3MepeHara cBeTIMHHa adcopOuus

[ — MHTEH3WBHOCT Ha TPEMHHAJIATa TIPe3
pa3TBOpa CBETIIMHA

[,— MHTEH3WBHOCT Ha MaHAJIATa CBETINHA

b — nebenrHa Ha MOTTBIIAIIMS CIION WU
JhJDKWHA Ha KIOBETAaTa, cm

C — KOHIIEHTpAIUs Ha IMBETHOTO
BemecTBo, mol L'

&—MoJnapHa abcopoupyemoct, Lmol "' cm’”

MonapHata abcopOupyemMocT € €
KOHCTaHTA, KOATO 3aBHCH OT XHUMHUYCCKHS
CTPOEXK Ha BEMIECTBOTO, MOPAAH KOETO €
MHOTO BaXHa crnenu@uyHa HETOBA
XapaKkTepucTHKa. BeposTHOCTTa 3a mpexon
BJIMSI€ BBPXYy CTOMHOCTTAa Ha MoJIapHAara
abcopbupyeMocT U oTpas3daBa
WHTEH3UBHOCTTa Ha abcopOuusTa. 3a aa ce
MOJTyYH Ka4€CTBEHO U IOCTAThYHO HACUTEHO
OIBETSIBAHE HA TEKCTWJIHUTE MaTepHualu,
[BETHUTE CHECAWHEHUsS TPsOBa Ja mMmar
croitHocTu Ha £> 10",

A, A,
nm A nm 5)

®ur. 11. AOCOpOIIMOHHY CIIEKTPH Ha:
A) TpudeHNIMETAaHOBO OArpHIIO;
b) azo6arpuno
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[Ipumepu 3a aOCOPOLIMOHHU CHEKTPHU Ha
IBe Tpynu Oarpujia ca MpencTaBeHW Ha
¢urypa 11. OcHOBHUTE XapaKTEPUCTUKH Ha
a0COpOIMOHHUS CIIEKTHP ca: aOCOPOIIMOHEH
MaKCUMYM; HHTEH3UBHOCT Ha abcopOuusaTa u
¢opma Ha abcopOumoHHaTa KpuBa. Bbpxy
BB3MPUATHETO 32 [BAT OKA3Ba BIIMsE HE CAMO
a0bcopOUMOHHUSA MAaKCUMYM U
WHTEH3UBHOCTTAa Ha aOCOpOIUs, HO CHIIO
Taka U (popmara Ha abcopOIIOHHATA KPUBA.
TsscHa MBULA CBC CTPBMHHU CKIOHOBE
/durypa 11A/ m nobpe odopMeH muk
MPUHAJUICKHN HA YUCT U OPUIISTHTEH IBST Ha
pasztBopa. OTChCTBHETO Ha J100pe H3pa3eH
MaKCHUMYM H TMOJIETaTH CKJIOHOBE Ha KpUBara
ca XxapakTepHHU 3a MbTeH BT /purypa 11b/.

oTpaxeHue /
° 4,0 o
— ° (] /
1
nagaw, vy |y o o L
/‘. [} npemuHan vy | ° L]
abcopbuua Ha < (] € MO-Ma/TbK UHTEH3UTET
cBeTnHaTa ot e @ / [} *
Monekynute
y | X o ° ™~
3arybu ot /
pasceiiBaHe

®ur. 12. A) SfBaeHusi, mpoTHYAIIU MPHU
TOTTaJIaHe Ha eJICKTPOMArHUTHO JTBbUCHUE BHPXY
KJIETKa, ChIbprKala abcopoupaiio Bemniectso; b)
Pa3ceiiBane Ha cBeTMHAara B 3aBUCUMOCT OT
pasmpenercHHeT0 Ha OarpiiHUTE MOJICKYIH B
cyocTpara

[TomagHaNoOTO €IEKTPOMArHUTHO JIbYEHUE
BBpXy KieTkata (purypa 12A), cbabpxaina
a0copOupamo BelEeCTBO HaMalsBa
WHTEH3UTETA CU B PE3YNITAT MPOTUYAHETO HA

CJIICAHUTC SABJICHUA .
° OTPAKCHHUEC HA YaCT OT JIBYCHUCTO OT

BbHIIHATAa W BBTPCIIHATA CTpaHa Ha

Marepuaia, OT KOMTO € U3rOTBEHA KJIETKATa
* abcopOuwmsi Ha 9acT OT JIBUYCHUETO OT

HaMUPpaluTEe CC B KJICTKATa BCIICCTBA
° pa3ceﬁBaHe Ha 4acCT OT JBYCHUCTO OT

MaTcepualsla Ha KJIETKaTa HWJIU IIbK OT
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CyCIIeHIMpaHH YaCTULIM, HAMUPAIIHU CE B HEST

*  yBeJIHMYaBaHE HA PA3CTOSHUETO MEXKITY
YJacTUIMTE BOJAM 10 HaMmaliABaHE Ha
pasceiiBaHeTo, KOETO € MOKa3aHo Ha Gpurypa
12b.

1.6.2. JyMuMuHecHeHUUSA H
JIYMHHECI€HTHH CheIHHEeHUsI

JJymunecuennusitTa obo0OmraBa
nopeaunara OT NMPOLECH, CBBP3aHHU C
U3ThYBAHETO HA IMOThIIHATATA CHEPTHUs MOJ
dopmara Ha CBETIAMHA, B pe3yiTaT Ha
CJICKTPOHHU TIPEXOJHW Ha MOJEKYJIUTE Ha
JaJeHO ChEIMHEHUE B 3aBUCHUMOCT OT

YCJIOBUATA, IPU KOUTO CE HAMUPAT.
OnyopecreHIuATa nMa HIKOJIKO 0COOeH!

XapaKTePUCTHUKU:

®  pa3JIMYeH LBAT, KOUTO CE€ ONpPENes OT
MO3UIUATA Ha (IIyOPECIEHTHUS MaKCUMyM
Ao IPU A, =435 nm, HAOTFOTABAHUSIT LIBSIT €
KBJIT; TIpA A, =455 nm, IBETHT € OPAHKEB;
npu A, =550 nm — HBETHT € YEPBEHO —
BHOJICTOB.

® UHTEH3UTETHT Ha (IyopecUeHU U
3aBHCH OT U3TOYHHKA Ha cBeT/IMHA. KonkoTto e
MO-TOJISIMO ChbPKAHUETO HA TIO-KbCU BhJIHU
(A<375 nm), ToAKOBa TMO-WHTEH3WBHA €
dnyopecuennusara. Koraro M3TOYHUKBT HE
ceabpka UV nbuu, dayopecuupar camo
T€3U CHEIMHEHHUs, KOUTO MOMITbIIAT BbHB
BUAMMaTa obnact. PasmpenenenueTo Ha
eJEeKTpOHHATa IUIBTHOCT 3a BCSKa €aHa
XUMHUUYHA CTPYKTypa € YHHUKAIHO,
o0ycnaBsmo U HEHHUTE cnenudUuIHU
bnyopecueHTHH CBOHCTBA U
xapaktepucTuku. ToBa OT CBOs CTpaHa JaBa
Bb3MOXHOCT 3a HUACHTHU(]UKAIUATA Ha
MoJieKyJiaTa. AKO ce TIOJX01u B 00paTHUS pel
T.e. Ja ce u3bepe KOHKpETHa eHepreTuyHa
pasiiuka Ha IPaHUYHUTE OPOUTAIIU, MOXKE Ja
Ce MOJIy4d ChEIAUHEHUE C eMHCHA IpHU

JKeJlaHa JbJKMHA Ha BhJIHATA.
Jpyra ocoO0eHOCT € 4yBCTBUTEIHOCTTA Ha
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¢ryopeciieHTHaTa EMUCHS CIPSIMO Pa3IHIHU
BB3/ICUCTBHS U BB3MOXHOCTTA W Ja Oble
,,BKJIIOUBaHa” W ,y3KiarouBaHa’. ToBa mMoxe
7a ce ABJDKM Ha PA3IUYHU MPUYUHU KaTo
KOHIIEHTPAIlMOHHO TaceHe, NMPUCHCTBHE Ha
pa3IMYHU CheTUHEHHS, POMSIHA B CpeiaTa v
np. HanpuMep MHTEH3WBHOCTTA Ha
bnyopecuneHmusTa HE € MPaBo
MPOMOPIIMOHANIHA HAa KOHIEHTpAlusATa Ha
¢dyopecuupamoro BEIECTBO, a MHHaBa
npe3 MakcumyM. [Ipuanna 3a To3u “ed ekt Ha
camornoracsiBaHe” e, 4e Bb30yIeHHUTE
MOJIEKYJIH HE C€ Je3aKTUBUPAT upe3
U3TbUBAHE, a Upe3 MpeAaBaHe Ha EHEPTHUsl Ha
CHCETHUTE MOJICKYITH.

dnyopecueHTHATa CIHEKTPOCKOMUS €
U3BECTHA omle Karo (IyopoMeTpusi Wiu
CHeKTpopayopoMeTpuss U € BUJ
eJIEKTpOMarHuTHa crnekTpockonus. Ts
aHanu3upa (iayopecueHusATa Ha mnpobara
npu oOnbyBaHEe C; MOHOXpOMaTHUYHA
CBETJIMHA.

Buoose nymunecuenyus
Cnopen Bujga Ha BB3OyXkmaHe ce

pa3jindaBaT HAKOJIKO OCHOBHH THIIA
JIYMUHCCICHII U

e DOTO-ITyMUHECIIEHIINS;

e Panuo-nyMUHECHEHLINS;

e EnexTpo-myMUHECIICHINS;

e Tpubo-1yMUHECLEHLINS;

o XeMHU-TTyMUHECLICHIHUS.

Ot ¢dotodu3nuHa riaeaHa TOYKa HaM-
uHTEpecHa € (OTOIYMUHECICHIIUATA, MPU
KOSITO KaTo M3TOYHUK Ha BB3OyXKJaHE ce
M3M0J3BaT CBETIUHHU JIbUYHU OT
yATPAaBHOJIETOBAaTa U BUJIMMaTa CHEKTpaIHa
obmacTt. Haii-o6mo BemecTBaTa,
MpUTEKaBalld CBOWCTBOTO Ja M3JIbYBAT
bnyopecineHTHAa €eMUCHUS C€ Hapuyar
bnyopodopu. EnexkTpoHHUTE CIEKTpU HA
bayopodopute oTpazsBaT €HEPreTUYHU
MpexoJu OT OCHOBHOTO U BB30OYIEHOTO
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CHhCTOSTHUE Ha MOJIEKYJUTE, KATO TIPEXOIBT OT
OCHOBHO BBB BB30YJIEHO CHCTOSHUE C€
XapakTepusnupa ¢ aOCOPOIMOHEH CIEKTHD, a
npexoabT OT BB30YyJAEHO B OCHOBHO
CBhCTOSTHUE € M3JIbYBaTelieH. BhB BB30yICHO
ChCTOSTHUE MOJICKYJIUTE TMPUTEKaBaT JBa
HECJIBOCHU €JIEKTPOHA, KOUTO MOTAT J1a MMatT
eqHakBa (mapaJjiesHa) WJM pa3jauvyHa
(aHTHMapaneaHa) CIUHOBA OPUCHTAIHS,
KOETO ONMpeaeNis U ChbOTBETHATAa
MYJTHIUIETHOCT Ha Bb30YJACHOTO ChCTOSTHHUE

(purypa6).

1.6.3. ®oTopu3NUHN XapaKTePUCTHKH

HA MOJIEKYJIUTE
C momomra Ha abcopOUMOHHUTE U

bayopecueHTHH crnekTpodoToMeTpu ce
U3MepBaT CHOTBETHO aOCOPOLUMOHHUS U
(ryopeclieHTeH CTIeKThp Ha ChEAMHECHUSATA.
Ilo TO3M HAadYuH Cce OmpenensaT
EKCMEepUMEHTATHO OCHOBHHUTE
boToPM3MYHM XapaKTEPUCTUKHU Ha
xpoMmodopute u/mim ¢ayopodopure. Tosa
ca abcopOUMOHHUAT U (IIyOPECHEHTHUST
MaKCUMyM, MoJjapHara abcopOupyeMocCT,
KBAHTOBUAT J00MB U CTOKCOBOTO
OTMECTBaHe.

1.6.3.1. CToKkCcOBO OTMECTBaHE
[TompoOHusAT mperyien Ha auarpaMara Ha

S6noncku (purypa 6) mokassa, 4e eHEprusiTa
Ha U3JIbYBAHETO OOMKHOBEHO € MO-HHUCKA OT
Ta3u Ha abcopbuus. Pasnukara mexmay mo-
Oorarus Ha eHeprus mMuk (aGcopOIMOHHUS
MaKCUMyM) U TO-HUCKO €HEPreTHUYHHUS UK
(pryopecuieHTHUST MaKCUMYM) ce 1epuHupa
karo CTOKCOBO OTMECTBaHE Ha HMMETO Ha
HeroBus otkpuBaren Sir G. G. Stokes npe3
1852 1. or yauBepcurera B KetimOpuk. To3u
napaMeTbp NMOKa3Ba pa3inyusiTa B
CBOIICTBaTa M CTPYKTypaTra Ha OCHOBHOTO
ChCTOSSHUE S, U NBPBOTO BB30YAEHO
CUHIVIETHO CHCTOSIHME S, HA XpoMO(pOpHUTE
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cuctemu. Tpii kKato abcopOuuUsATa U EMUCHUSATA
ce 00ycnaBAT OT €JHU U CBIIU MPEXOaUu B
najgeHa MoJeKyyna, abCOpOIMOHHUAT |
EMHUCHOHHHST CHEKTHP Ca TOYTH OIJIeIaTHO
CUMETPHUYHHU, KaTO EMUCUOHHHUSAT CIEKTHD €
M3MECTEH KbM IMO-IBJITOBBIHOBATA YacT Ha
CJIIEKTPOMATHUTHHUS CIEKTHP, KOETO €
nmokasano Ha purypa 13

CrokcoBo usmecTeaqe
—

495 nm 518 nm

MNHTEH3nBHOCT

AbnXuHa Ha BbAHaTa

®ur. 13. CTOKCOBO OTMECTBaHE KaTo
byHKIHS OT aOCOpOIMOHHUS U (PIIyopecIieHTeH
CHEKTBP

OTkKJIOHEHHUsITAa OT TOBa MPAaBUJIO HaM-
YeCTO ca pe3yJITaT OT pa3InyHU BbTPEIIHO- U
MEXAYMOJEKYJIHU TPEHOCHU, HANPUMED
MPOMsIHA B CTPYKTypara Ha MOJIEKYJlaTa BbB
Bb30Y/IEHO CHCTOSTHUE U IMpepa3npe/eieHue
Ha eJeKTpOHHAaTa IIbTHOCT. Pa3nukara B
SHEepPTUUTEe Ha HUBATa Mpu abcopOus € mo-
BUCOKAa OT Ta3u mpu (IyopecreHUIHus Hu
yuciaeHo, CTOKCOBOTO oTMecTBaHe (V, -V;)
MOJKE /12 Ce OTPEZIeIN B cm’' ¢ ypaBHEHHE (4):

(vp—vp) = e .107,cm™? 4)

KbJIETO A, € NbJDKMHATAa HAa BbJIHATA Ha
a0COpOIMMOHHUA MAaKCUMyM, a A, €
IbJDKUHATA Ha BbJIHATA Ha (PIyopeclieHTHHS
MaKCHUMYM.

CTOKCOBOTO OTMECTBaHE OOHMKHOBEHO
Bapupa B mupoku rpannnn 20 + 200 nm u ce
IBJKK Ha Oe3u3iabuBaTelHa 3aryba Ha
€HEeprus, ChbIbTCTBAIIA (PIyOPECUEHUUATA.
BrnusHne BBpPXy CTOMHOCTTAa Ha TO3H
napaMeThp OKa3BaT pa3IMYHU (PaKTOpH,
€IUH OT KOUTO € MOJSIPHOCTTA Ha

pasTBopuTENsA. B mosspHM pasTBOpUTENN
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(IIyOpeceHTHUSAT MaKCUMyM OOMKHOBEHO €
OTMECTEH KbM IO-TOJIEMUTE ABJKUHU Ha
BBJIHATA, Th KaTO MOJSIPHUTE Pa3TBOPUTEIH
cTa0uau3upar noBedye BB30YIEHOTO
cbcTtossHue. [Ipu abcopOuus Ha
€JEKTPOMAarHUTHO JbYEHHE NOpalu
npepasnpenejgeHue Ha €JIeKTpOoHHaTa
NJIBTHOCT, JUINOJHUAT MOMEHT Ha
MoOJIEKyIuTe ce npoMmeHs. ToBa Halara
NpEOpPUEHTAUUS HAa JUNOJUTE Ha
pa3TBOPUTEIIS, KOSITO Ja ChOTBETCTBA Ha
HOBOTO paslpeleeHne Ha €JIEKTpOHHAaTa
IUIBTHOCT BBbB BB30yJlE€HATa MOJIEKYJA.
BcnencTBue Ha T€3U B3aMMOACHCTBUS, YacT
OT EHeprusiTa Ha Bb30yIEHOTO ChCTOSHUE CE
pa3celiBa U €MUCHOHHUIT CHEKTBD Ce€
OTMECTBAa KBbM NO-TOJEMH ABJIKMHHU Ha
BBJIHATA.

1.6.3.2. CosiBaToXpoMHu3bM
[Ipou3xoabT Ha COJIBATOXPOMHOTO

OTMECTBaHE B €ENEKTPOHHO -
a0copOIMOHHUTE CIEKTPU € CBBP3aH C
NpOMSHA Ha E€JNEKTPOCTATHUYHHUTE H
JMCTIEPCUOHHY CHITU MEX]Ty Pa3TBOPUTEIS U
MOJICKYJIUTE Ha Pa3TBOPEHHS B HETO
xpomodop.

UV/Vis/NIR abcopOLuoHeH CIeKTbp Ha
XUMUYHOTO CHEAUHEHUE MOXE Ja Obiae
TIOBJIMSIH OT 3200MKaJIAIIaTa IO Cpea, B TOBa
YHCIIO U PA3TBOPHUTENAT OU MOT'BJI J1a IOBEJIC
JI0 TIpOMsIHA B TO3UIHMATA HA MAKCHMYMHUTE
Ha aOCOpOIMOHHHUTE W E€MHCHOHHU HBHIIH.
To3u peHOMEH € HapedeH COBaTOXPOMHU3BM
3a TbPBU BT OT Hantz, kaTo mpe3 roquHuTe
ca mMpaBeHHW OMWUTH 3a NMPOMsSHA Ha
HaWMEHOBAHHUETO, MOPaIX Pa3MHHABAHUSATA
C MbPBOHAYAIHUS CMHCHJ, MPHIAIACH OT
Hantz, HO TEpMUHBT € TOJKOBA IIUPOKO
U3I0JI3BaH B JIUTEparypara, 4e Heromara

npoMsiHa 61 OMITa U3KITFOUMUTETHO TPYIHA.
N3pa3siBaHeTO HA MPOMEHUTE B CIEKTHPA

cTaBa 4Ypce3 CHCHI/I(l)I/I‘IHI/I CIICKTPOCKOIICKH
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TEPMUHHU, KOUTO MMaT 3a IeJ Ja TOKakar
II0COKaTa Ha U3MECTBAHE U ca MPEICTaBEeHH
Ha purypa 14.

XunepxpomHo

XHUNCOXpOMHO batoxpoMHo

WHTexsuter

XunoxpomHo

AObmakuHa Ha 8bakata [nm]

®dur. 14. CxeMaTu4HO O3HAUYEHHE Ha
NpOMEHHUTE B aOCOPOIMOHHHS MAaKCHUMyM H
MolapHaTta abcopOupyeMocT Ha €IHa
abcopOImoHHa MBHUIIA

ConBaToOXpOMU3MBT € IPOMSIHA B LIBETA HA
OarpuiHUsS pa3TBOp MpU NpOMsIHA B
NOJIIPHOCTTA HA PA3TBOPUTEJIS:

e OTpPULATENEH COJIBATOXPOMU3BM —
IPU HEro IBETHT Ha 0AarpusoTo ce U3MEeCTBa
XUIICOXPOMHO C HAaMaJIIBAHE HA ITOJISIPHOCTTA
Ha Pa3TBOPUTEIIS;

® [IOJIOXKUTEIIEH COJIBATOXPOMHU3BM —
IPU HETO LIBEThT Ha 0arpusoTo ce u3MecTBa
0aTOXPOMHO C IOBUIIABAHE IOJIIPHOCTTA HA

Pa3TBOPUTEIIS.
[ToHacTosIieM B pe3yaTaT Ha UHTCH3UBHHU

u3cieBaHUsl € MOKa3aHo, Ye € HaJule
CeJleKTHUBHA MU mnpedepeHUHATHA
COJIBaTallMs Ha MOJIIPHUTE MOJIEKYIIH, KOETO
ce IbJKM Ha iBa (pakTopa:

e HecneuupuUyHa acolMALMSI MEXKIY
MOJIEKYJIUTE Ha Pa3TBOPUTENS HU
pa3TBOPEHOTO BEIIECTBO B T.HAap.
“MHKPOOOKpHKEHUE ” HAa MOJIEKYJIaTa;

e cneuuduuHa acommamnus Ha
MOJIEKYJUTE Ha Pa3TBOPUTENS HU
Pa3TBOPEHOTO BEILIECTBO (BOJOPOIHU BPB3KU
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U/UAW TOHOPHO-AaKULENTOPHHU
B3aUMOJICUCTBUS ).

N3MeHeHHnETO B COEKTPUTE Ha
aymuHO(OpHUTE MOXKE fa ObJe U PE3yNTaT OT
B3aMMOJICHCTBUETO MEXIY MOJICKYJIUTE Ha
Pa3TBOPEHOTO BEIIECTBO, HANPHUMEp, MOSBA
Ha eKCMMepHa (pIyopecueHIHs, TaceHe Ha
¢dnyopecuenuuara u ap. ToBa ca T. Hap.
KOHLIEHTPALMOHHU €(eKTH, KOUTO MOTaT Jia
ce m30erHar, kato ce paboTH C pa3peneHu
pPa3TBOPU C HUCKH KOHIEHTPAUUH OT
nopsabkana 10°-10°mol L.

1.6.3.3. ®akTOopu, BIAMSEIN HA
(payopecueHuuaTA

[Ipu pa3TBapsine Ha (GIAyOpPECUEHTHO
ChEMHEHUE B PA3TBOPUTENIU C pa3fiuuHa
NOJIAPHOCT MOXeE Jaa ce HabmomaBa
SBICEHUETO GIYOpECIHEHTEH
colBaToXxpomMusbpM. Toll ce ABJIKHU Ha
JOCTAThbUYHO ToJsiMaTa NPOMsSHA B
pa3npeaeNeHUeTO Ha €JEKTPOHHATa
IUIBTHOCT (OTTaM W JHUIIOJHUS MOMEHT)
MEXJy OCHOBHO M BB30YIEHO CBHCTOSHUE,
npeau3BUKaHa OT B3aUMOJEHCTBUETO C
paztBoputens. OnTuMaiHaTa reoMeTpusi Ha
aTOMMTE OT BELLIECTBOTO U OT Pa3TBOPUTEIIS €
pa3nuyHa, a KakTo Bede Oelre Ka3aHo,
€JIEKTPOHHUTE MIPEXOAM ITPOTUYAT 32 BPEME,
MO-KpaTKo OT HEOOXOAMMOTO 3a MPOMSIHA Ha
aapeHuTe koopauHatu. Oka3Ba ce, ue
COJIBaTallMOHHUTE €(EeKTH ca Hail-CHUIIHO
M3pa3eHu B ciyudas Ha pa3TBapsiHE Ha
NONSIPHO CHEAUHEHUE B MOIAPEH
pasrBopured. Toi e cmocoOeH na npean3BuKa
Bb3HUKBAHETO HAa HMHAYUHUPAH JHUIOJEH
MOMEHT, KOMTO ce Hacjarpa BBPXY
COOCTBEHHS NUMOJEH MOMEHT Ha
Monekyinara. OcBeH ToBa, S, U S, He ca
COJIBAaTUPAHHU €IHAKBO €(EeKTUBHO IOpaau
HEpaBHOBECHATa reOMeTpHs Ha Bb30yJAEHOTO
cherosinue. CosBaranusiTa BKJIOYBa Oorara
rama OT Bb3MOXKHU B3aUMOJICHCTBUS, KOUTO
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BOIAIT 10 0Opa3yBaHe Ha BOJOPOAHH BPB3KH,
Ban pgep BaancoBu B3ammoaencTBHS,
xunpohoOHn B3aumoseicTsus u ap. Tosa ca
HSKOW OT MPUYMHUTE E€HEpreTHYHara
pa3iimka Ja ce MPOMEHHU B pa3jUYCH
pa3TBOpHUTEN, OTKBJIETO M IbJDKMHATA HA
BBJIHATA CHOTBETHO Ha abcopbuusta u

¢iryopeciieHTHaTa EMUCHS € Pa3INYHA.
AKO TpU €JIEeKTPOHHHUS NPEXoa uUMa

MOBHILIEHUE Ha COOCTBEHHSI TUTIOJICH MOMEHT
Ha MoJeKynarta, abcopOuusaTa, ChbOTBETHO
eMucusiTa, ce HalironaBa MpH IO-rojsMa
IbJDKMHA Ha BhiHaTa (purypa 15). Coygast
Ha 0aTOXpOMHO OTMECTBaHE C€ O3HadaBa
KaTo MOJIOXKHUTEJIEH COIBAaTOXPOMHU3bM. To3u
eeKT e OTpHIATENICH, KOraro IUMOJHUST
MOMEHT Ha MOJIEKyJlaTa c€ IMOHW)XXaBa IpH
Bb30yKJ1aHE, KOETO CHOTBETCTBA Ha
XUIICOXPOMHO OTMECTBAaHE KBbM MO-

KBCOBBJIHOBATA 00JIACT.
3a MpaKTUYECKU LEJIH € BaXXHO Ja ce

YyCTAaHOBM B KOH pPa3TBOPUTEI
¢ryopeclieHTHUTE CBOWCTBA ce Habo1aBaT
Hali-1o0pe.

LTy [ AIT

®ur. 15. BiusHue Ha NONAPHOCTTA Ha
pa3TBOpPHUTENS BBPXY CHEPreTUYHATA pasJIMKa
HOMO-LUMO. (a) JIumoaHusAT MOMEHT Ha
MoOJIeKyJlaTa BbB Bb30YJEHO CBHCTOSHHUE € TIO-
BUCOK OT TO3U B OCHOBHO. (b) Jumonnust
MOMEHT Ha MoOJEeKyjiaTa BbB Bb30yJEHO
CBCTOSIHHE € TIO-HUCHK OT TO3U B OCHOBHO

1.6.3.4. KBaHTOB A00HB HA
dayopecuenumst

KonnuecTBeHa XxapakTepHUCTHKa 3a
CIIOCOOHOCTTa Ha BEIIEeCTBaTa Ja W3JIb4Bar
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abcopOupanara CBETJIMHHA €HEPrus €
bayopecueHTHHAT KBaHTOB no0uB. Tou
MOKa3Ba KakBa 4acT OT BB3OYyIEHUTE
MOJIEKYJIA CE€ BPBIIAT B OCHOBHO CHCTOSIHHE
(S,) upes mzpuBane Ha potoH. M3mepBa ce B
nmuana3zona ot 0 10 1 umm ot 0 % 10 100 % u ce
neduHNpa KaTo OTHOLICHUETO MEXTy Opos
doronn, m3nmpuenu npu penakcarms (N') kbM
o6mms 6poii abcopoupanu potoru (N*) o
ypaBHeHuUe (5).

N/

N abs (5)

CDF=

[IpakTHdyecku KBAaHTOBUAT JOOHWB Ha
bnyopecneHus ce ompenens CupsiMo
CTaHJAPT C MO3HAT KBAHTOB I00MB, ChITIACHO
ypaBHeHue (6),

st2
Py = @Sf%%;—t, (6)
KBAETO 1, € KOe(PUIUEHTHT Ha IpeuynBaHe
Ha pasTBopuTeNs, / € (QIyopecueHTHHUST
HHTEeH3UTET U A e abcopbnusita B
MakcuMyMma. BenuuuHuTEe C UHIEKC Sf
OIMCBAT CTaHAapTa, a Te3u 0e3 MHIEKC ce

OTHACST 10 aHAJIUTA.
T'onsiMO BMsiHME BBPXY CTOMHOCTUTE HA

KBaHTOBHUs JOOMB OKa3Ba TeMIleparypara.
Haii-uecTo moBuIIaBaHETO W BOIHU 10
MMOHWKaBaHE B KBAHTOBHS JIOOMB M BPEMETO
Ha JKMBOT Ha BB30YyJIEHOTO chCcTOsiHUE. ToBa
ce IbJDKM Ha (akTa, 4e MPU MO-BHCOKH
TeMIepaTypu ce OlarompusITcTBa
BHOpamuoHHaTa pexakcanusa. Jpyru
(dbakTopH, BIUSCIINA BbPXY KBAHTOBUS JOOUB
ca: MoJsIipHOCTTa Ha paszTBopuTensi, pH Ha
cpenara, MIpUChbCTBUE HA METAJHU MOHU WIIH
JIPYTU ChEAUHEHMS, TaCsAIIM WU YCUJIBAIIN
dnyopecnennuaTa. KBantoBusaT 100UB € 110-
BHCOK B TBBPAM MPOOH, OTKOJIKOTO B TCUHH,
KOETO c€ JBJUKM Ha HaMmalsBaHETO Ha
BEPOSTHOCTTA 3a 0€3M3JIBUYBATEIHO
MIPEMUHABaHE KbM OCHOBHO CBCTOSIHUE C
yBeJIMYaBaHE BUCKO3UTETA HA CpeiaTa.
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1.6.3.5.Bausgsunmue H a

KOMILJIEKCOo0pa3yBareis
Ouenka Ha ePeKTUBHOCTTA Ha

B3aMMOJEHCTBUETO JNUTAHA-METal U
CcTaOMITHOCTTa HA KOMIUIEKCA MOXKE Ja ce
Halpasy, MPUJIATaliKu TEOPHUTA 32 TBBPAU U
MEKHU KUCEIMHU U OCHOBH. ATOMUTE C HUCKA
NOJISIPU3YyEeMOCT MMAaT IMO-MajlbK aTOMEH
paanyc, CbOTBETHO IMO-KOHIICHTPUPAH 3apsi.
Texnure opbUTaIM ca MO-MaJIKH OT TE3H Ha
aTOMHUTE C BHCOKa IMOJSPHU3YEMOCT U TIO-
HHUCKa eJeKTpooTpuuarentoct. [IspBute ce
HapuJar TBbP/HU, @ BTOPUTE ca MO3HATH KaToO
MEKH KHCEJIWHHU WU CHOTBETHO OCHOBH.
[Topagu TOBa 5 €lIeMEHTHTE M TO-JEKUTE d
€JIEMEHTH TPEIOYETEHO B3aUMOACHCTBAT C
aromu Ha HeMeTtanu oT VI A u VII A rpyna Ha
NepuoJuYHaTa CUCTeMa — a30T, KUCIOPO[,
XJIOp U T.H. OpOuTanure Ha MEKUTE OCHOBH —
P CIIEMEHTHTE U MO-TEXKKUTE d €JIEMEHTH — C€
NPUIIOKPUBAT Hail-e(DeKTUBHO C OpOUTANIN HA
MEKHU KHCEITUHH, PEICTAaBUTENN Ha KOUTO ca
csipata u pocdopa.

CnuHBT Ha eJEeKTpOHAa € €IUH OT
OCHOBHHUTE (PakTOpHu, OmpeaensIu
doroduznunute mpouecu. [IpexonsT Mmexay
HUBA C pa3jIMyHa MYJITHUIUIETHOCT € MHOIO
Hee()eKTUBEH MW HE OKa3Ba ChLIECTBEHO
BIIMSIHUE BBPXY (DIIyOpEeCIIeHTHUTE CBOMCTBA.
dakTop ce 0ka3Ba AOI'bJIIHUTEIIHATA EHEPTus,
HeoOxonuma 3a oOpbllaHe Ha cnuHa. B
NPUCHCTBUETO HA IMO-TEXKKU aroMmu, obaue,
nopajagM COUH-OPOUTATHOTO
B3aMMOJICHCTBHE, CIIMH-3aMbPCSIBAHETO Ha
opOUTaIUTE CTaBa MO-TOJIIMO U MPEXOABT OT
CHUHIJIETHO B TPUIUIETHO CBHCTOSIHUE Ce€
oObnexkyaBa. HaOnwaxaBaHarTa
MHTEPKOMOMHAIIMOHHATa KOHBEPCHUS ce
IPOsIBSIBA B TO-TOJIsIMA CTEIEH 3a CMETKAa Ha
NOHM)XaBaHETO Ha (IyopecHeHTHUS
UHTEH3UTET.

1.7. A3mepBaHe Ha NBeTa Ha

TEXTILE AND GARMENT MAGAZINE

xpoMmodopuTe BHPXYy TBbpAa MaTpHIa
(TeKCTHJI, XapTHs, NoJuMepeH UM u ap.
MaTepHaJIn)

[[BeThT Ha TEKCTUIHUTE MaTepuaiu ce
nojy4aBa Mpu OarpeHe ¢ pa3audHu Oarpuia
U MOXe€ Aa O0bJe KOJIHMYECTBEHO
oXapakTepH3WpaH C MOMOIMTA Ha
KoJopuMeThp. L[BeTHT € pesyinrar or
B3aMMOJICHCTBUETO HA CBETIIMHEH U3TOYHUK,
npeaMmeT u Habmoparen. OOEKTUBHOCTTa U
PECTIEKTHBHO KOJIMYECTBEHATA OIICHKA Ha
I[BETHT 3aBUCH OT TpH (pakTopa:

e BHUJ Ha CBETIMHHUS HW3TOYHHUK, INPHU
KOWTO ce HabOJogaBa OmMBETEHATa
MOBBPXHOCT;

®  B3aMMOJICHICTBUETO HA JTBUYEHUETO OT
CBETJIMHHUS HU3TOYHHUK C YACTHIMUTE Ha
0arpuinoTo;

e CHocCoOHOCTTa Ha JNBUYEHHUETO
(MOTBIIHATO, OTPA3€HO M Pa3CesHO OT
OI[BETEHATa IMOBBPXHOCT) Ja MPEIAM3BHKA
NCUXO(DU3MOIOTHYHA PEAKIUS B YOBEUTKOTO
OKO M MO3BK.

[Tpu B3anmopelicTBUETO Ha Osi1a CBeTIIMHA
U ONBETEHAa MOBBPXHOCT, 4YacT OT
CBETJIMHHHTE JTbUU CE OTPa3sIBaT, a JPyTH Ce
npeuynsar. [[pedyneHuTe 1b41 MpeThPIIsiBaT
abcopOuust m pasceiiBane. CtaHmapTHaTa
kosopumeTpuuHa cuctema CIE (Comission
Internationale de 1'Eclairage), cw3nanena
npe3 1976 r u uszBectHa ome karo CIE
L*a*b* (purypa 16) mo3BossiBa TpPUU3MEPHO
NpEJCTaBsIHE Ha BB3MPUEMAHUS BT MPHU
CTaHJIapPTHU yCIIOBHs Ha HAONIOJCHUE U TIPU
TOYHO CTaHJapTU3WpPaHU CBETIUHHU
W3TOYHHUIIH.

L* = 100 (Light)

W Green

-b* Bluc

L* = 0{Dark)

®@ur. 16. Tpummepuo CIELAB
[[BETHO MPOCTPAHCTBO
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[lenTpanHara BepTHKaJIHA OC Ha I[BETHOTO
nOpoCcTpaHCTBO, npeacrtaBs L* unm
KOOPJAMHATHUTE, CBBP3aHU ChC CBETIOCTTA,
KouTO npuemMat croitHoct ot 0 (uepno) 1o 100
(6s110). JIBeTe 1BeTHU KoopauHaTH a* u b*,
MPEJICTABAT CHOTBETHO YEPBEHO/3ENICHUS U
KbJITO/CUHUS 1BAT. [Ipeceynara Touka Ha
TPUTE OCH OTrOBapsi Ha CHUB IBAT. AKO IIpH
JIBE Pa3JIWYHU BB3JCUCTBHUS C€ MOJIydaT
TOYKU C KOOPJIMHATH, KOUTO CHBIAJAT, TO
TOTaBa HAMa IIBETHAa pa3jHKa MEXKIY

HaOJII0JaBaHUTE OOEKTH.
KayecTBeHa W KoJIMYeCTBEHa OIl€HKA Ha

BCUYKH LIBETHUTE U OCJIM THhKAHH MOXKE /1 CE
MOJIy4d Ype3 H3UYHMCIsABAHE Ha IBETOBH
koopauHatu L*, a*, b*, um3mon3Baiiku
ypaBHeHus 7-9:

L*=116 (Y/Y0)'* - 16 (7)
a* = 500 [(X/Xo)"> - (Y/Y0)'"?] 8)
b* =200 [(Y/Y0)"? - (Z/Z0)"*] )

Kb1eTo X,, Y,, Z, ca TPUCTUMYJIHUTE
CTOMHOCTH Ha ONpeJelieHa axpoMaTHhyHa
CBETJIMHA, U3I0JI3BaHA IPU OCBETSBAHE, a X,
Y, Z ca crtoiiHOCTHTE, AedUHUpAHU 3a
uBeTHUTE ThkKaHu. CroiiHOCcTUTE Ha Y, ce

HOpMaJIM3upar 1o TakbB HauuH, ye Y, = 100.
Pasznukara B usera AE* ce usuucisasa

CBbITIACHO YPAaBHCHHUC 10 u ce u3nmoa3Ba 3a
KOJIMYCCTBCHO OIIPCACIIAHC HA LIBCTA.

AE# =[(AL# )+ (Aa* Y + (Ab* ]2, (10)

kpaeTo AL*, Aa*, Ab* ca pa3nukara B
KOOpDAWMHATUTE Ha KOHTPOJIHATA ThKaH H

oOpaboTreHara ¢ Oarpuia ThbKaH.
HapacrBane Ha nBernara pasnuka AE* e

CBBP3aHO C YBEJIMYABAHE HA PA3CTOSHUETO
MEJK]1y IBETE TOYKH, C KOUTO CE OMMCBA LIBETA
Ha U3CJIEABAHUTE MOCTPHU.

B TekcTUIHOTO NMPOU3BOICTBO,
MPUJIOKEHHUE Ca HAMEPUJIMU pPa3jIu4yHU
dnyopecuenTHU cheauHeHus. Hampumep
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ONTUYECKUTE M30ENUTENN MPUTEkKaBaT
crocoOHOCT 1a abcopOupar eneprus ot YB
4acT Ha CHEKThpa M Ja HU3IbUBAT CHUHS
CBETVIMHA BBB BHUAMMATa 00JACT. TSIXHOTO
W3IOJI3BaHE BOJM IO MOBUIIABAHE CTETICHTA
Ha Oecliorara, ThH KaTo J00aBSIHETO Ha
¢iryopecueHus KbM 00111aTa MHTEH3UBHOCT
Ha OTPAXEHHETO € MPUYMHA ONTHYECKH
n30eIeHUTE MaTepHUAIIU J]a POSIBSIBAT CTETICH
Ha Oenora mo-rojsima oT 100 %. Ocsen
ONTHUYECKUTE u30enuTenau, 3a OarpeHe B
TEKCTUJIIHOTO MPOU3BOJICTBO CE€ M3MOI3BAT U
duryopeclieHTHH Oarpuia, KOUTO H3IBYBAT
KBITO-3€JI€Ha, OpaH)KeBa WU YepBEHA
bnyopecuennus. C T4Xx ce moiydyaBar
CUTHAJHU Npeana3Hu obOlNekmna,
nogo0psiBaly BUAMMOCTTA HA HOCEIIUS TH.
OcBeH pa3JIUMYHUS HIHAHC Ha
biyopecueHTHATa €MUCHUS, KOUTO ce
oTpeiesisi OT MO3UIMATa Ha (IyOpECLEHTHUS
MaKCUMYyM, (hIyopecleHIIUATa IPUTEkKaBa U
IPYyTH XapaKTEepHU OCOOEHOCTH.
Heo0xommMo € M3TOUHMKBT Ha CBETIMHA J1a
U3IBYBA C TOJIIMAa MHTEH3UBHOCT B 00acTTa
Ha MOTJTbIIAHE Ha Marepuala, KOeTo Ja
npean3BUKa Bb30Y>KJaHETO Ha MaKCUMaJeH
Opoil GarpuiIHM MOJIEKYJH, KOUTO CIIe/l TOBa
Jla ce Je3aKTHUBUpAT 4ype3 MU3JIbUBaHE Ha
norejHaraTa cBetrinHa. Hampumep mnpu
obmpuyBaHe ¢ 365 nm YB cBerinHa Ha
TEKCTUJIEH MaTepual, oOpaboTeH C
ONTHYECKH u30enuTels, ce HabnrogaBa
dbnyopecuieniius ¢ Makcumym npu 440+10
nm.

EctecTBeHara cBeTJMHAa NpUTEk,aBa

roJsiMo chAbpxKaHue Ha Y B mbuenue, koeto e
NOAXOASIIO 3a U3MEpBaHEe Ha
dayopecueHuusTa U 3a OCBETSIBaHE ce
u3noa3Ba u3tounuka D65 (durypa 17). Toit
UMUTHpA JHEBHATa CIIbHYEBAa CBETJIMHA C
pazmuped YB numama3oH ¢ nBeTHa
Temmeparypa npubnuzurtento 6 500 K.
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®ur. 17. I'paduuHo nmpencraBsHe Ha
ceeTiiMHaTa, usnbuBaHa or CIE cranpgapren
CBETJIIMHEH U3TOYHUK D65

YcraHoBeHO, ue ¢uyopecleHTHaTa
eMUcHs MOXe Ja Obje omnpenesieHa 4pes
pa3iiukata B CHEKTpaJHUTE KPHUBU Ha
OTpa)XeHue, KOUTO ce MoJiyyaBaT MpHU
o0bYBaHE C M3TOYHUK Ha cBeTiauHa DOS.
AKo HapacTBaHeTO Ha (JIyOopecCLEeHTHUS
MaKCUMyM CTaBa MpPaBOIPONOPIIMOHATHO C
HapacTBaHE Ha M3CIIEABAHOTO BEIECTBO, TO
TOBA MO3BOJISIBA KOJHUYECTBEHOTO MY

oTpeielisHe.
Teopusita Ha KyGenka-MyHK ce n3mnomi3Ba

3a aHaIM3 Ha CIEKTPUTE Ha OTpaKeHHUe,

MOJIy4eHH OT ciabo abcopOupariu obpasiy.

Ts u3pa3zsiBa 3aBHCUMOCTTa Ha OTPAKEHUETO

0T KOHIeHTpamusTa. KoHIeHTpamusTa Ha

0arpuI0TO B U3CJICABAHUTE MOCTPH MOXKE J1a

Ce OTpeIeu ChC clIeHOTO ypaBHeHueE (11):
K (1-Rx)

2T an
S 2.Rx

KBJICTO:

K - xoeduneHT Ha MOTTBIIAHE;

S - xoeduMeHT Ha pa3celiBaHe;

Rx —orpaxenue.

VYpaBuenueto Ha KyOGenka-MyHK ce
Tpujara 3a oxapakTepusupaHe [[BETOBETE Ha
Pa3IUYHM [IBETHHU IIOKPUTHS B TCKCTHIIHATA U

TEXTILE AND GARMENT MAGAZINE

XapTueHaTa W Jp. npoMunuieHoctu. [lpwu
TE3W MPHUJIOKEHHUS CE MpUemMa, ue
pa3ceiiBaneTo (S) Ha OarpuiioTo UIH
NMUTMEHTa 3aBHCH OT CBOWCTBara Ha
cyOctpara, nmokaro abcop6rusita (K) 3aBucu
OT CBOICTBATa Ha IIBETHOTO ChEANHECHHE.
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Metallic stents have been largely used over the last decades to treat vascular dis-
eases like coronary artery or peripheral vessel stenosis. Although they remain the gold

standard for vascular treatment, they are subjected to in-vivo complications such as corrosion,
structural failure, fractures, and re-stenosis due especially to the material which is used.
Polymeric stents were developed as an alternative to replace commercial metallic ones
presenting several failures caused especially by the used metals. Among those materials, the
polyethylene terephthalate (PET) have been used to develop stents since PET is suitable for
several biomedical uses such as vascular prosthesis. Braiding technique was used since it
provides flexible structures. In this paper methods and materials for the development and
characterization of PET braided stents were given and the main results were highlighted. Results
bring out that PET braided stents show very promising structural and mechanical performances
comparing to metallic stents. They guarantee in particular a good flexibility and stability to cyclic
loadings predicting their long term behavior. As a conclusion, PET-braided vascular stents show
a huge potential to replace commercial stents but their manufacturing parameters should be
carefully chosen.

Keywords: Polymeric stents, non-biodegradable, PET, braiding.
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Introduction

Despite advances in cardiovascular stent
materials and designs to decrease post-
deployment complications, starting from the
“Wallstent” implanted in 1986 (1) until today,
problems such as corrosion, structural failure
and fractures causing inflammation, early
thrombosis and in-stent re-stenosis are still

existing (2),(3),(4),(5),(6),(7).

These complications are mainly due to the
metallic material used as well as to the
structure itself, more precisely, to a poor
tolerance of the organism to their long-term
presence, to an excessive rigidity causing a
high mechanical stress on the vessel wall, to a
lack of flexibility especially in tortuous
arteries or to a low resistance to fatigue
caused by in-vivo cyclic displacements due to
the blood flow, etc. For this, stents are
classified by the European authorities as the
most implantable medical devices showing
important risks of local and general
complications after implantation.

Research is advancing on all fronts,
especially towards the use of other materials.
Among the solutions that could be promising
in reducing complications related to
commercial stents, several research groups
developed and characterized polymeric
vascular stents, braided or knitted, using non-
biodegradable polymers such as polyethylene
terephthalate (PET), polypropylene (PP),
polyurethane (PUR), polyamide (PA), etc. (6)
(8)(9) (10) (11) (12). From the results, PET-
braided stents are found to be the best
candidates to replace metallic stents.

This study gives a review about polymeric
non-biodegradable stents, and then
summarizes and discusses the main findings
about PET-braided vascular stents.

Materials and Methods

A literature review was performed in order
to compare between findings of the different
studies held about non-biodegradable
polymeric stents. First of all, we should point
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on the main problems encountered with
commercial stents.

Weaknesses of commercial stents

Bare metallic stents (BMS) have been
largely used over the last decades to treat
successfully vascular diseases like stenosis.
Generally, 316L stainless steel and Nitinol
Ni-Ti alloy stents are the most common
commercial ones. 316L stainless steel is used
because it is cheap and easily processed (13)
and Nitinol is well known for its shape
memory effect and flexibility which is 10 to
20 times greater than stainless steel (2).

Although metallic stents remain the gold
standard for vascular treatment, they are
subjected to chemical and mechanical fatigue
inducing in-vivo complications after a certain
time of implantation. Studies have proved the
possibility of immunologic reactions of the
host tissues to the significant release of
metallic ions (5) (14) . Corrosion, fretting
wear and fracture have been also found in
metallic stents (14). In fact, due to in vivo
cyclic displacements, some Nitinol self
expanding stents showed fracture
occurrences of up to 50% after one year
especially on the superficial femoral artery
(4). Moreover, deformations have been
observed in stainless steel stents due to the
lack of flexibility (2).

Metallic Drug Eluting Stents (DES) were
then developed in order to reduce early in-
stent restenosis rates found in BMS.
However, they have shown increased stent
thrombosis and endothelial dysfunction when
compared with BMS (15). Also, they could
delay healing of the vascular wall, which have
raised concerns about the long-term safety

(16).

Currently, bioresorbable stents are under
development to reduce complications of
previous stents. Bioresorbable polymeric
stents (BRS) (15) and biodegradable
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magnesium alloy stents (BMgS) were
developed, with the idea that they would
gradually disappear after providing healing of
the arterial wall. Multiple clinical trials
confirmed an increased rate of thrombosis
and myocardial infarctions with BRS (17)
(18). Observations report that BRS problems
may be partially explained by relatively weak
bioresorbable polymer material, low radial
strength leading to strut disruption (17),
asymmetric material degradation from local
stress concentration and microstructural
damage from stent crimping and
implantation. Magnesium alloys offer
superior mechanical properties and uniform
degradation behavior to polymeric materials.
However, they are prone to the same
asymmetric strains and degradation
introduced by crimp(18).

Towards non-biodegradable polymeric
Stents

Several research studies have been carried
out with the aim of avoiding the
complications encountered with commercial
vascular stents in use today. According to the
literature, the development of non-
biodegradable polymeric stents is one of the

most promising avenues. Indeed, synthetic
non-biodegradable polymers used for
medical purposes have proven their
effectiveness in various medical applications
(vascular prosthesis, sutures, artificial
ligaments, etc.) thanks to their interesting
properties, namely good biocompatibility, the
possibility of modifying their composition
and their physical and mechanical properties,
their low friction coefficients, the possibility
of modifying their surface chemically or
physically, etc. Furthermore, they do not
cause carcinogenicity, immunogenicity,
teratogenicity or toxicity. In addition,
polymers are less rigid than metallic
materials, which would limit the long-term
stress exerted on the vessel wall, and
consequently reduce the risk of restenosis.

In this axis, several research groups have
studied the potential of non-biodegradable
polymeric stents, braided or knitted, in
polyethylene terephthalate (PET) (6) (8) (9)

(10) (19), in polypropylene (PP) (6) (11),

polyurethane (PUR)(12) "(20) and polyamide
PA (6). These studies are summarized in
Table 1.

Table 1. Studies reporting the development of non-biodegradable polymeric vascular stents.

Authors Year Material and technique used

Van der Giessenetal. (8) 1992 PET- braided stent for coronary arteries.

Irsale and Adanur (9) 2006  PET- braided stents, tubular for the coronary arteries
and bifurcated for the aneurysm.

Yuksekkaya and Adanur 2009 PET- braided stents.

(10)

Schreiber et al. (12) 2010 PUR-braided stent.

Freitas et al. (11) 2010 PP braided and knitted stents for coronary arteries.

Singh and Wang (20) 2015  Knitted stent composed of elastic parts in PUR and
rigid parts in PET.

Rebelo et al. (6) 2015 PET, PA and PP braided stents for coronary arteries.

Jaziri et al. (19) 2019 PET-braided stents for peripheral arteries.
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After the analysis of results described by
these studies, we can conclude that braiding
technique and PET polymer are the most
suitable to develop non-biodegradable
vascular stents. In fact, braided stents had the
best results in terms of dimensional stability,
lateral strength and recovery of the original
shape than knitted stents (11). In addition, the
most significant disadvantage of knitted
stents is the difficulty of their removal from
the human body. When placed in an organ, it
is difficult to bend and remove the dilated
knitted stent (21). Singh and Wang '(20) also
developed a knitted stent composed of elastic
parts in PUR and rigid parts in PET in order to
improve their mechanical behavior.
However, the problem detected when using
PUR is that it has shown phenomena that
should be minimized, namely relaxation and
creep stresses. Also, because of its
mechanical properties much lower than those
of Nitinol, PUR must be used with thicker
fibers (6). Rebelo et al. (6) demonstrated that
PET braided stent showed better mechanical
performances than PA and PP stents,
comparable to those of commercial Nitinol
stents.

For all these reasons, we will focus on the
materials and methods used to develop and
characterize PET-braided stents.

Development of PET-braided vascular
Stents

The objective is to develop PET braided
vascular stents able to replace metallic stents
in use today and able to maintain the integrity
of'their structure and physical and mechanical
properties in short and long term.

Braided stents were manufactured using a
vertical or horizontal braiding machine. The
possible braiding parameters to vary in order
to obtain the ideal stent design are the wire
(monofilament) diameter, the stent internal
diameter (or more precisely the mandrel
diameter which is a cylindrical support for the
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produced braid), the braiding angle, the
braiding pattern and the number of wires in
the braid. After braiding, PET stents should be
stabilized in a heat-setting machine in order to
fix the filament helical geometry in the stent.

In this work, PET monofilaments
(TROFIL®, MONOFIL-TECHNIK GmbH,
Germany) were used to develop polymeric
braided stents. Stents were braided with a 24-
carriers horizontal braiding machine (Steeger
HS100/24, Steeger GmbH, Wuppertal,
Germany) using cylindrical mandrels as a
support for the braided structures. In order to
obtain stable structures, the stents were
stabilized in a dry-heat stenter (Heraeus
UT6120, Geminibv, Netherlands) at 180C
during 75 min. All the braided stents are open
loop stents (Figure 1(A)). 2.1.2.

Various parameters were considered in the
design of the stents for comparison and
optimization purpose: (1) braiding angle:
defined as the angle o between the braid axis
and the monofilament axis (Figure 1(B)) (2)
filament crossing pattern, (3) stent diameter,
and (4) filament diameter. Two braiding angle
ranges were taken into account: low (between
30 and 40) and high (between 50 and 60).
These ranges are not defined more precisely
here because the final braiding angle after the
relaxation of the braid varies. In fact, open
braided structures (with very low cover
factor) can have a wide range of stable relaxed
states, represented as pairs of diameter and
braiding angle.

Any axial force leads to change of the
angle in the structure.25 During the
manufacturing, the braiding angle is adjusted
by the control of the relation between the
mandrel diameter, the rotation speed of the
horn gears and the braiding velocity. In the
current case, the take-off velocity was set
between 0.8 mm/s and 1 mm/s in order to
obtain angle values between 45 and 65, which
are standard values in the field of stents.

57



L

However, this limitation did not prevent the
interpretation of the results as the differences
regarding the stent behavior were significant
between the two angle ranges.

Regarding the braiding pattern, two
interlacements were compared: a more rigid
one (diamond [1:1-2]) and a more flexible
one (regular [2:2-1]), both represented in
(Figure 1(B), (C)). Actually, the overall
rigidity of a stent influences the movement
between neighbor filaments and 1s expected
to affect the fatigue and friction properties in
the structure. Plain pattern (1:1-1) (simple
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1/1 wire crossing) was excluded from the
study because its production, for the same
number of filaments as the other samples,
would require double larger braiding machine
with 48 carriers, arranged in 1 full — 3 empty
arrangement (partial occupation). Such
machine was not available in the laboratory.
The preliminary tests with 12 wires in plain
pattern led to too loose braids if the same
mandrel diameter was used. In order to take
various anatomic con- figurations into
account, three mandrel diameters (stent's
internal diameters) were considered (6, 10,
and 14 mm).

R R

WA

Figure 1. (A) Some developed stents (B) “Diamond 1: 1-2” braiding pattern (C)
“Regular 2: 2-1” braiding pattern

Evaluation of stents key performances

In order to compete with commercial
stents, PET-braided stents should meet
certain criteria. They should have the capacity
to support the arterial wall while avoiding all
the risks and complications encountered with
commercial stents. In fact they have to be
enough flexible, elastic, resistant to radial and
longitudinal compression and fairly stable
structurally and mechanically over the whole
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period of its implantation. Table 2
summarizes the key performances to be
assessed.
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Table 2. Stents main performances and their in-vitro assessment methods.

Studied performance Measurement Measured characteristic
method
Ability to adapt to the anatomy of Cover factor Cover factor
the implantation site and uniformity calculation (6)
of the stent
3 points bending test, Bending force
(ASTM F2606-08) Bending stiffness
Flexibility Measurement of the Percentage of unchanged
bending diameter (6) bending diameter
Compression between  Lateral compression force
Crush resistance parallel plates test
(ISO 25539-2:2012)
Resistance to longitudinal Longitudinal Longitudinal compression
compression compression test (22) force
Elongation Longitudinal Elongation
elongation test (22) Longitudinal rigidity

Static and dynamic maximal
radial forces

Static and dynamic
radial compression
tests
(ASTM F3067 — 14)

Percentage of radial force
change after dynamic
compression

Resistance to radial compression

Percentage of the
diameter’s elastic recovery
Percentage of radial force
loss after fatigue

Accelerated fatigue
test Percentage of the
diameter’s elastic recovery
after fatigue

Fatigue resistance

The cover factor CF,, of a vascular stent is defined as the ratio between the stent area covered
by the material used and the total stent area (6) (23). In other words, it is the amount of fibrous
material deposited on the surface of the mandrel during the braiding operation. Vascular stents
should have a cover factor between 20 and 30 % (i.e., porosity of approximately 70-80 %) (24)
(25) to minimize surface thrombosis(26). The CF,, is calculated as follows:

O¢ N
21 Qg cosa

CF% =[1-(1- )2]><100 Eq.1

With:

@,: Monofilament diameter (mm) ; N : Number of wires ; a : Braiding angle (°) : It represents
the angle between the wires and the longitudinal axis of the braided structure(6) and measured by
image processing (Fig.2).
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Fig. 2. PET-braided stent showing the braiding angle a.

Flexibility is one of the main performances
for vascular stents since they could be
subjected to bending actions, especially when
implanted in the peripheral arteries (27) (28)
(29). For this, they must show a minimum
bending stiffness which is measured via a
three-point bending test (ASTM F2606-08)
(Fig.3.4), and they must have the ability to
maintain at least 75% of the original diameter
when flexed (6) (30). For that, the percentage
of the unchanged bending diameter is
calculated as the ratio between the diameter at
the midpoint of the bent section (Fig.3.8) and
the initial stent diameter.

The lateral compression strength should be
sufficient to prevent the stent crush after
implantation, so in order to measure it, a
lateral compression between plates test is
performed (/SO 25539-2:2012) (Fig.3.C). In
addition, stents should be resistant to
longitudinal compression otherwise they will
be easily compressed at their ends and should
be elastic enough. For purpose, longitudinal
compression and extension tests were
performed according to recommendations of
“GoreMedical"”(22) (Fig.3.D.E).
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Additionally, the radial compression
behavior should be assessed in particular the
radial force and the diameter's elastic
recovery. In fact, the radial force is the load
the stent can sustain before permanent
deformation occurs or the stent is completely
destroyed (13). Furthermore, every stent
should recover 100% of its initial diameter
afterradial loading. For those reasons, a radial
compression test using a dedicated radial
compression machine is performed (ASTM
F3067 — 14) (Fig.3.F). The long term
behavior of PET-braided stents could be
predicted by performing a dynamic radial
compression test and an in-vitro axial fatigue
test(Fig.3.F.G).

CNMUCAHMUE "TEKCTUN N OBJNIEKJ10"



BPOI 2/2023

10 1

(R e b

17 13

Fig. 3. Characterization methods: (A) Three points bending test (B) Unchanged bending
diameter measurement (C) Parallel plates compression test (D) longitudinal compression test
(E) Elongation test (F) radial compression test (G) Accelerated fatigue test.

Results and Discussion

All studies about PET-braided stents have
demonstrated the huge influence of the
braiding parameters on the stents
performances(6)(9)(10)(19)"(31). The cover
factor of PET-braided stents is an important
parameter that must be taken into account
when designing the stent(10) and could be in
the same range as the metallic braided stents if
the braiding parameters were chosen
correctly(6)(19). Jazirietal.(19), developed a
PET stent having a cover factor of 35 %,
larger than what is obtained for a metallic
braid (20%) used as reference in order to have
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similar radial strength. Actually, polymer
material being less stiff than Nitinol, it is
necessary to increase the quantity of material
involved in the braid to obtain a similar radial
strength. For that purpose it is necessary to
increase either the diameter of the filaments
involved in the braid or the number or
filaments over the circumference, or the braid
angle which all contribute to increasing the
cover factor.

Regarding the bending behavior of PET-
braided stents, bending stiffness can be
between 10 and 20 times less stiff than Nitinol
braided metallic stents. With respect to the
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bending diameters, different PET-braided
stents were characterized by values around
95% of the nominal diameter (above the 75%
minimum expected for commercial
peripheral stents)(19).

Lateral and longitudinal compression
forces are highly dependent on
manufacturing parameters. Furthermore, the
braiding angle has been found to be the
braiding parameter which directly influences
the mechanical properties of the developed
braids (6) (9) "(31). Stents with a higher
braiding angle are more resistant to lateral
compression. For higher braiding angles, the
wires are deposited more and more towards
the transverse axis, resulting in greater
resistance to transverse forces acting during
lateral compression "(31). In addition, a
higher braiding angle also improved the cover
factor and compactness of the stent resulting
in a higher resistance to lateral forces (6). In
addition, stents with larger monofilament
diameter have a higher longitudinal
compression force due to their high flexural
rigidity, as in longitudinal compression stents
are also subjected to flexion and buckling (6).
Also, stents with higher elongation showed
lower longitudinal rigidity "(31).

Comparing with commercial Nitinol stents
(22), developed PET stent show lateral and
longitudinal compression forces and
percentage of elongation in the same range of
commercial stents and even higher in some
cases"(31).

All of the previously mentioned studies
have investigated the structural and
mechanical properties of developed PET
stents only in a static state, which can predict
their behavior only in the short term (during
and immediately after implantation).
However, the investigation of the PET-
braided stents behavior under cyclic loadings,
in particular their behavior to dynamic radial
compression and to in-vitro fatigue, have
been reported only with Jaziri et al. (19) (32).
Results of cyclic radial compression tests
showed that the PET-braided stents present a
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100% elastic recovery after 20 % diameter
compression over 2000 repetitive loading
cycles despite the friction that occurs in the
braid. Regarding the radial force, it is highly
influenced by the stent design and the
braiding angle in particular. Furthermore, it
came out that radial strength remains stable
after long term repeated fatigue stress up to
100.000 cycles with no wire breakage.
Compared to metallic braided stents, it was
observed that polymeric stents are more
flexible and less subjected to inter-wire wear
due to friction(32).

Conclusion

This study demonstrates that PET braided
stents have the potential to mimic the
mechanical performance of commercial
metallic stents, if all of their design and
manufacturing parameters are carefully
chosen. In fact, the combination between PET
and braiding could guarantee flexibility and
radial strength at the same time. PET admits a
low stiffness compared to metals (elastic
modulus of PET of 2500 MPa against 80 GPa
for Nitinol), and it is widely used in medical
applications because of its interesting
characteristics. Braiding technique can
increase the flexibility of stents, especially in
mobile environments such as the superficial
femoral artery (SFA) and could limit the
crushing of stents in a tortuous implantation
environment, or what is called as the "kinking
phenomenon". This could be a promising
solution especially in the stenting of
peripheral arteries which remains a
challenging surgical procedure. Further work
is now necessary to determine the most
suitable stent design and further animal tests
are important in the next step in order to
assess in-vivo long term behavior of these
devices.
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