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NH®OPMALUSA 3A ABTOPUTE

ITPABUJIA 3A JENNIO3UPAHE U ITIYBJIMKYBAHE HA CTATUUA

IMonaBaneTo Ha OKJIATUTE TPsIOBA A2 CE aApecHpa 0 peAaKLIUsITa Ha UMEHI
(textilejournal.editor@fnts.bg);

Jloxmanure TpsIOBa 11a ca HAMMCAaHU Ha OBJITapCKH €3HMK OT OBITapCKH aBTOPH M HA aHTIINHCKH (paboTeH)
€3MK 32 9y)KJIeCTPaHHH aBTOPH.

Crniopa3zymeHue 3a IpeXBbPJIsiHe HA ABTOPCKH NPaBa TPs0Ba 1a Ob/ie MOAMICAaHO H BbPHATO Ha HAaIllaTa
peIaknus 1o mnomia, hakc WM UMEHII, KOJIKOTO € Bb3MOXHO T10-CKOPO, CJIE MPEIBAPHTEIHOTO IPHEMaHe Ha
noknana. C moAnrucBaHeTo Ha TOBA CIIOpa3yMEHHE aBTOPUTE TapaHTHPAT, e LEHST TPy € OPUTHHAJICH 1 HE €
OuJ1 myOIIMKyBaH, M3Ipalia ce CaMo B CITUCAHUETO U Y€ ENUST TEKCT, AaHHH, (GUTYPH 1 TAOIHIIN, BKITIOUCHH B
TpyZAa ca OPUTMHAIHM M HEIyONMKyBaHM IpeIy TOBAa WM MOAABAHU APYTaje B KakBaro W 1a € Qopma.
[TpouechT Ha peleH3UpaHe 3armo4Ba ciIej MoydaBaHe Ha TO3M JOKyMEHT. B ciydail, ue JOKIaabpT Bede e
NpeAcTaBsH Ha KOH(EpeHIHs, TOH Moxe a ObJe MyONrKyBaH B HAIIETO CHHMCAaHHE, CaMO ako He € Oun
nyOnMKyBaH B OOIIONOCTBHIIHY MaTepHajin OT KOH(pepeHIUsATa; IpU TaKuBa Cllydyau TpsiOBa Jla ce HalpaBH
CHOTBETHOTO U3SIBJICHUE, KOCTO CE OCTABS B PEIAKIIMOHHUTE OCJICIKKH B Kpasi Ha CTATUSTA.

OO0 et M opopMITeHH e

O0eMBbT Ha TOKJIa/a He TPSAOBa Ma HATXBbPIsI 12 cranmapTan cTpanuiy (A4) B €1Ha KOJIOHA (CTpaHHUIa
ot 3600 3naka), Bxi1. Tabmuuum u urypu. @opmarst € MS Office Word (normal layout). Penenszenture cu
3aIa3Bart MPaBoOTO Ja ChKPATAT CTATHATA, aKO € HEOOXOIUMO, KAKTO U JIa IPOMEHSIT 3aIJIaBHATA.

3arnaBueTo Ha JOKJIaaa He TPAOBa 1a HaaxBepis 120 3HaKa.

II'bannTEe HMEHA HA ABTOPUTE, KAKTO M MBJIHUTE HAUMEHOBAHHUS HA HHCTUTYIHHUTE, B KOSITO paboTAT -
(akynTeT, Kareapa, YHUBEPCUTET, HHCTUTYT, KOMIIAaHUS, Tpaj U JIbpXaBa TpsiOBa /a ca SICHO TOCOUYSHH.
ABTOPBT 32 KOPECIIOH-/ICHITUS M HETOBUAT/HSUHUAT MM TPsIOBa J1a ca yKa3aHHU.

Pe3romeTo Ha TOKJIaa € HAa aHIIIMKCKY U HE TPOBA J1a HATXBHPIIA €/THA CTPAHHMIIA.

KarouoBuTe 1ymu TpsOBa 1a ca B paMkute Ha 4 710 6.

Quzypume u unocmpayuume ce HOMepupam nocied08amento (¢ apabcku yugpu) u mpsadea da ca
cnomenamu 6 mexkcma. @ueypume ce enazam 6 mexcma ¢ gopmam JPG ¢ munumym 300 dpi. Quzypume
mpsbea 0a Ovoam uHmezpupanu 8 Mmekcma 6 pedaxkmupyema popma.

Tabnuyume, coc 3aznasue u 1e2enda no Jiceianue, mpsaoea 0a 6vOam HoMepPUPaHU NOCIe008amMeIHO U
mps66a 0a ca cnoMeHamu 8 mekcmd.

Benesxckume noo nunus mpsoea da ce uzdseeam.

Ilpenpamkume (yumupana numepamypa) mpsoeéa 0a ce yumupam nocied08amenHo no peo Ha
nosaeA8aHe 8 MeKCmd, USNUCAHU Ype3 MPAHCIumepayus Ha JamuHuyd, Kamo ce usnoissam yugpu 8
K8aopamHu ckoou cnoped cucmemama Bankyeuwp.
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TEXTILE MATERIALS WITH SENSORY PROPERTIES AND
PHOTODYNAMIC ACTIVITY

Topic No: 5/6, Textile materials with photodynamic activity.
Nature of photodynamic activity.
Mechanism of action. Main groups of photosensitizers.
Fields of application of photodynamic therapy.

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.
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TEKCTUNHU MATEPUAJIN CbC CEH3OPHU CBONCTBA
N OOTOANHAMUWYHA AKTUBHOCT

Tema N25/6, TekcTunHn matepuanu ¢ $oToaNHaAMNYHA aKTUBHOCT.
CbLHOCT Ha poTOAMHAMMNYHATA aKTUBHOCT.
MexaHn3bm Ha pencrtene. OCHOBHM rpynu ¢poToceHcmbunusaropm.
O6nacTn Ha npunoXxeHne Ha ¢poToaMNHAMMYHATa TepanuA

Decncnasa CraHeBa', Uso Npa6ues’

' XumukomexHosozuyeH u MemasypauyeH yHusepcumem, 1756 Cogpus, banzapus
*Cogputicku yHusepcumem “Ceemu KnumeHm Oxpudcku’, MeduyuHcKu ¢hakyamem,
1407 Cogpus, bvneapus
E-mail: grabcheva@mail.bg

Pe3rome

Y4eOuukbT “TeKCTHIIHM Marepuaid CbC CEH30pHHM CBOWCTBA M (POTOIAMHAMHMYHA
aktuBHOCT” (ISBN 978-954-91951-6-3) ¢ npenHa3HaueH 3a CTYACHTHUTE OT
MarucTbpcKara CIeNHAIHOCT ,,MEIUIIMHCKA TEKCTHJI® Ha XUMHUKOTEXHOJOTUYHUS U
METAIYpruueH YHHUBEPCUTET, KaKTO M 3a BCHUYKH, KOUTO paboTAT B Tazu cdepa,
NpOBEXKIAT HAYUYHHM HW3CJEABAHMS, NMpUIaraT Te€3W MaTepuald B NpaKTUKATa U
€XKEIHEBUETO CU WUJIU MPOSIBABAT HHTEPEC KbM UHTEIUTEHTHUTE TEKCTUIIHU MaTepUaIu.
Toit mma 3a 11en1 Aa T'v 3aro3Hae ¢ ABe ChBPEMEHHU M ObP30Pa3BUBAIIN CE HAITPABJICHHUS B
o0nacTTa Ha TEKCTUITHOTO MTPOU3BOJICTBO, KAKTO U C TEXHOJIOTUUTE 32 MOAU(BUIIUPAHE HA
TEKCTUJTHUTE MaTepHalid, 3a Ja UM ObJaT MpUIaJeHU HOBU CBOMCTBA KAaTO CEH30PHH
CBOMCcTBAa W (POTOAMHAMHYHA AKTHBHOCT. TEKCTUIIHUTE MaTepHald ChC CEH30PHH
CBOMCTBA C€ OTHACAT KbM T. HAP. MHTEJIUIEHTHU TEKCTUIIHU MaTepUalid, C TOMOIITA Ha
KOUTO MOTAaT Ja ce HaOnawaaBaT pa3jiUdyHU KU3HEHU (YHKIUH, NPOMsSHA B
3JIPAaBOCJIIOBHOTO CHCTOSIHUE W paHHA JMArHOCTHKA, KAKTO U Ha Pa3jIMyHU MPOMEHU B
OKOJIHATa cpena. TAXHO MpeAMMCTBO € Bb3MOXKHOCTTA Jja ObaT HOCEHU MOCTOSIHHO, 0e3
na cb3gaBar guckoMdopt. IlomydyaBaHeTo UM € CBbp3aHO ¢ ynorpedara Ha pa3IuyHU
BUJIOBE MHJMKATOPHU Oarpuiia, 3aToBa CTYACHTUTE € HeOOXOIUMO J1a C€ 3al03HAAT ChC
CTPYKTypara v IPUHIUIUTE HA JEHCTBUE HAa ONTUYHUTE CEH30PU U MPUIOKEHUETO UM
npu MoauuUIMpaHe HAa TEKCTUIIHU MaTeprain. Pa3rienana e ChIIHOCTTa U MEXaHU3Ma
Ha nelcTBue Ha (doToaumHamuuyHata Tepanus. [IpencraBeHu ca pa3JIuvyHU
dboToceHcHOUIM3aTopHu U TIXHATA ynoTpeda Mpu rnotyyaBaHe Ha TEKCTUIIHU MaTEPHAIIH C
pa3TUYHU METMIIMHCKY MPUIIOKEHUS (AHTUMUKPOOHU, CAMOTIOYUCTBAIIH C€, JIeUeOHU U

zp.).

130 CMUCAHME "TEKCTWJ1 U OBNEKNO"
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TexkcTHIHH MaTepHaATH C
(poronuHaAMNYHA AKTHBHOCT

ITII.1. ChmHOCT Ha (POTOAMHAMMYHATA
Tepanus. MexaHu3bM Ha ielicTBHe

1.1. UcTopuyecKkHu cBe1eHUsI
B MemunuHCKaTa mpakTHKa TPETHPAHETO

Ha KOXXHHTE 3a00JsBaHHUS ChC CBETJIMHA
natupa ot npeau 1400 rox. mip. H. €. To3u Bua
Je4eHHe € M3BECTHO B MOMEHTA Karo
dbotorepanusa. Ts ce mpoBexjga MOJI
JEHCTBUETO HA YJITPABUOJIETOBA, BUIMMA WU
uH(ppauepBeHa CBETIIMHA PU OTChCTBUE WIH
NpuchCcTBUE Ha (HOTOCECHCUOUIU3ATOP.
Korato He ce mu3mnons3Ba
dboTocencnbuIM3aTop, ororepanusiTa ce
npuiara TJIaBHO B JepMaTojorusiTa 3a
JeYyeHue Ha pa3JIuuyHU 3a00JIIBaHUSA:
nepuuut Ha BUTaMuH D, HeoHaTalHa
KBJITEHUIA, [ICOPUA3UC, €K3eMa, BUTUIIUTO,
nonuMop(dHa CBETIIMHHA epymiusi, KoxkeH T-
KJIEThUEH JTUMQPOM, JIMXEH IJIaHYC U JJOPH 32
oOiekyaBaHe CHUMITOMHUTE Ha OojecTTa Ha
[TapkuHCOH.

[Ipu poroxumuoTepanusita ce MU3MOJI3BaT
dbotocencu-ounuzaropu (®C). Toma ca
CheAUMHEHUSI, KOUTO abcopOupar
CBETJIMHHATA €HEeprus W s mpenaBaT Ha
CbhCEIHUTE MOJIEKYIHU. Te B KOMOWHAIUs C
MOJIXOMIAIIO €IEKTPOMArHUTHO JIbYEHHE U B
NPUCHCTBUETO HAa KHUCIOPOJ TeHepupar
CUHIJIETHH KHUCJIOPOJHU MOJEKYIU HIU
paguKaiu, KOUTO MoOrar jJa YHHII0XKAaT
LEJEeBUTE KIJIETKH, BKIIOUUTEIHO PAKOBU U

MUKPOOHHU KJIETKH.
ToBa gBJIEHHUE CIIy4alHO € OTKPUTO Mpe3

1900 r. B MIOHXEH OT CTYAEHTA 110 MEAUIIMHA
Oscar Raab, koiTO y4yacTBa B TpOy4YBaHE,
CBBP3aHO C TOKCUYHOCTTA Ha Oarpuiara npu
pa3paboTBaHe Ha JAOKTOpCKaTra CH
nucepTanys. Bepexku MHOTOTO MTOBTOPEHUS
Ha eKCTICPUMEHTHUTE C U3CJICIBAHOTO B MAJIKH
KOHI[EHTpAIluu Oarpuiio akKpUJIMHOBO

TEXTILE AND GARMENT MAGAZINE

yepBeHo (¢urypa 66) Bbpxy Paramecium
Spp., TOM moayudaBa pas3JUYHHU
HEBB3NPOU3BOIUMHU PE3YIITATH.

/
HsC_ + ‘ CHg3
\ /
til/ 0 N

cr |
H H

®ur. 66. XumMuyHa CTPyKTypa Ha aKpUAHHOBO
YEpPBEHO

3aeHO CbC CBOSI HAayY€H PBKOBOJIUTEI
Hermann von Tappeiner ycraHoBsiBa, ue
HaOr0/laBaHaTa TOKCHYHOCT 3aBUCH OT
BPEMETO Tpe3 JACHS U KOJIMYECTBOTO THEBHA
CBETJIMHA, KOETO € SAMHCTBEHUST MPOMEHSIIII
ce napameTsp. [lo-kbcHo H. von Tappeiner
npuigara To3W moaxojn 3aeaHo c¢ Albert
Jesionek 3a KIMHUYHO JIEYEHUE HA KOXKHHU
KapIMHOMHU U T€ BBBEXJIAT TEPMHHA
»hortoqunamuuen pernomen. Ilpe3 1904 r.
Jodlbauer u von Tappeiner u Huber ipe3 1905
ca MBbPBUTE, KOUTO OIMHCBAT YCHEIIHOTO
boTONMHAMUYHO Je3aKTUBHpaHE Ha
O6akrepuu. [lo-HaTaThIIHUTE W3CIEABAHUS
MOKa3Bar, 4e (oToJuHAMUYHATA TEpamus e
edpeKTUBHA Cpelly mapa3uTH, BUPYCH,
OakTepuu, rpOmuxkm u ap. Taka
KOMOMHHUPAHETO Ha (POTOCCHCHOMIU3ATOP U
CBETVIMHA KaTO TEpaneBTUYHO CPEACTBO 3a
I'BPBU BT € MPHJIOKEHO B HA4YaJOTO Ha XX
BEK, HO € 07100peHo enBa npe3 90-te roguHu
Ha XX BeK.

1.2. Mexauu3bM Ha (pOTOAMHAMHUYHATA

Tepanusi
doToauMauHaTa Tepanus uMa

TepamneBTUYEH €(eKT, KOMUTO 3aBUCH OT
KOMOMHHMpAHETO Ha pa3JIMYHU TapameTpH,
npeacraBenu Ha ¢urypa 67. ToBa ca
KOJINYECTBOTO Ha OMOJIOTUYHO AaKTUBHOTO
BEIIECTBO - (POTOCEHCHMOMIN3ATOP, KOETO €
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HETOKCUYHO Ha THMHO, KOJIWYECTBOTO Ha
KHCJIOpOJa M XapaKTEPUCTUKUTE Ha
CBETIMHATA, OOMKHOBEHO OT BUAMMHS WIH
uH(ppauepBeHUs CIEKTHP (pa3npeaeeHueTo
Ha MHTEH3UTETa, B 3aBUCUMOCT OT
IbIDKUHATA HA BBJIHATA, XOMOT€HHOCTTA U
Bb3npou3zBogumocTtTa). [lpmu
dboTonuHaMUUHATA TEpamnus MoraTr jaa ce
U3I0JI3BAT PA3IMYHU CBETIUHHU U3TOYHUIIN,
HO OOMKHOBEHO J'bYEHHETO € MO-MaJKO OT
100 mW cm”.

dotoceHcubunuzartop

®ur. 67. Enementn Ha QoToaMHaMHYHATA
Tepanus

MexaHu3MBbT Ha 00Opa3yBaHETO Ha
CUHTIETEH KHUCIOPOJ U pajguKalu €
npencTaBeH Ha purypa 68.

— OO OEeWCTBUETO Ha CBETJIHHATA
dboToceHcnOuMM3aTopbT abcopoupa GoToH 1
npemuHaBa oT ocHOBHO (1DC;) 10 mbpBOTO
(1®C,") numm Broporo (2DC,") BB3OYIEHO
ceerostHue. OT 2<DC2* BB30Y/ICHO CHCTOSHHE
Yype3 BbTPELIHA KOHBEPCHS TOW ce BpbIlA 10
1®C,” cwhcrosuue. Korato ¢ B 10C,
Bb30yATeHO CHBCTOSHUE,
dhoToCeHCHOMIN3aTOPHT MOXKE /1a C€ BHPHE B
OCHOBHO CBHCTOSHHE, M3JIbUBAUKH
(dyopeclieHIIUS WM Ja TPEThPIH WHTEP-
KOMOWHAIIMOHHA KOHBEPCHUS U Jla TPEMHHE
BbB BB30YJICHO TPUILICTHO CHCTOSHHE
(3PC*), koeTo € ¢ Mo-HUCKA EHEPTUs U € TO-

132

IBIITO BpeMe Ha )KUBOT. OT cherostaue 3DC*
($OTO-CeHCHOUIN3AaTOPBT CHILO MOXKE J1a Ce
BbpPHE B OCHOBHO ChCTOSTHHE Upe3 U3JIbUBaHE
Ha cBeTiuHa - pocdopecuenuus. B
cberosinue 3PC* (hoToceHCcHOUIU3aTOpBHT
o0aue e MHOTO peaKTUBOCIIOCOOEH U MOXKe J1a
ydacTBa B JIB€ PEaKIUH, KOMTO BKJIIOYBAT
MOJIEKYJIEH KUCIIOPOI:

— npu peakuuute Tun I ce obpa3zysa ilon
paauKa ype3 eJIeKTPOHEH TpaHChep MEKITY
BB30yNeHHUs B TPHUMJIETHO CHCTOSHUE
dboToceHCHOMNIM3aTop U ChCEAHA MOJIEKYNa
Ha cybcrpara. MoH paamkamst, KoiTo ce e
MOJTyYnJI MOXKE Ja pearmpa Mo-HaTaTbhbK C
KHCJIOPOa B OCHOBHO CHCTOSTHUE, TIPY KOETO
Ce TmoJiydaBaT PEaKTHBHH KHUCIOPOIHU
BHUJIOBE, KOUTO BKIIIOYBAT CYyNEPOKCHACH
pamukai (O,”), Bogoponen nepokcus (H,0,)
u xuapokcuieHn paagukan (OH®), kouto
OKHCJIIBAT OMOMOJIEKYJIUTE W MPUUUHSABAT
KJIEThYHO YyBpEXJaHE M B KpaiiHa CMeETKa
arornro3a.

— npu peakumure tun II eneprusara ot
(dhotocencubunuzaropa Ha 3OC* TpUIIIETHO
HUBO C€ TPEXBBHPIS KbM KHCIOPOa, KOUTO €
B TpumieTHO cheTosiaue (CO,) U To BB30ykKIa
710 cHHIIeTeH kucnopos 'O,

Cwsirta ce, ue peakuute oT Tl [ u tum 11
(purypa 67) mpoTuyar €IHOBPEMEHHO IO
BpeMe Ha /1T, a CbOTHOIIEHNETO MEXKIY TAX
3aBUCH OT BHJIa Ha (POTOCEHCUOMIN3ATOPA U
MHKpoOcpenara, B koato ce npuiara O/ T.

cyBeTpar paankanm
T&  HO® H,0,0,°"
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CUHINETHO OCHOBHO CbCTOAHME

®ur. 68. doroxuMHUEeH MEXaHU3bM Ha peaklys
3a oJTy4aBaHe Ha Pa3JIMYHU PEaKTUBHU KHCIOPOIHU
BUAOBE (PaMKaJIH U CHHIJICTEH KUCIOPO.)
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1.3. CuHIJIeTEeH KM CJI0PO/
CHHITIETHUAT KHUCIOPOZ € ra3oo0pa3Ho

HEOPTaHMYHO BEIIECTBO C XUMUYHA (popmyria
O=0 u c KBaHTOBO CBCTOSHUE, IIPU KOETO
BCUYKM EJIEKTPOHMU ca cABOEHU. Toul e
KMHETUYHO HeCTaOUJIeH IPU TeMIieparypara
Ha OKOJIHAaTa cpela, HO CKOpOCTTa My Ha
pasmnajnaHe e 6aBHa. Hali-HucKoTO BH30Yy/1€HO
CbCTOSIHUE Ha JIByaTOMHAaTa KHUCJIOpPOJHA
MOJIEKYJIA € CUHIVIETHO ChCTOsIHME. TOBa € ra3
¢ (pu3nuHU CBOMCTBA, KOUTO CE€ pa3inyaBaT
eaBa JOJOBHUMO OT TE€3W Ha Hal-
pa3npoCTPAaHEHOTO TPUIIETHO OCHOBHO
CBhCTOSIHUE Ha Kucaopoza. [1o oTHomenue Ha
XUMHUYHATa CH PEaKTUBOCHOCOOHOCT
CUHTJIETHHUSIT KHUCIOPOJ € MO -
pPEaKTUBOCMOCOOEH KbM OpPraHHYHU
ChbEJIMHEHUS, HO € OTrOBOPEH M 3a
dboTopasrpaxjgaHe Ha MHOTO MHUHEpaJH.
VYyacTBa B pa3JIMuHU peakIuy B OpraHuyHaTa
XUMUS ¥ € BAKHA 4acT OT (OTOAMHAMUYHATA
tepanusi. Cieau OT CUHIVIETEH KUCIIOPOJ Ce
HaMUpaT B TOPHHUTE CIIOEBE Ha aTMocdepara,
a ChbIIO U B 3aMBbPCEHUS] TPAJCKU BB3IAYX,
KbJIETO TOM JOMpHUHACS 3a 00pa3yBaHETO Ha
yBpexaamus O0enute ApoOoOBe a30TeH
nuokcuag NO,. HUecto ce mosiBiIBa U
CHXKHUTEJCTBA B Cpe€AM, KOUTO CBHIIO
reHepupar 030H, KaTo OOpPOBH TOpHU C
(dhoTopasrpaxaaHe Ha TEPIICHTHH, ChIbPXKaII]

CC B IbpBCTATAaA.
MOJ'ICKYJ'IHpHaTa OCHOBAa Ha OKCUAaTHUBHMUA

CTpEC ce KOpeHH B cnenupuyHara XMMHYHA
CTPYKTypa Ha Kucjopoja. Mojekynara my
MpUTeXaBa JBa HECABOCHU EJIEKTPOHA C
rapaJieJIHU CIIMHOBE B TPUILJIETHO ChCTOSIHUE
1 3aTOBa KMCJIOPOABT JIECHO MpUEMa IO eANH
eJIEKTpOH. B pe3ynrar Ha ToBa ce monxyyaBar
MHOTO arpecuBHHU paauKaloBU Gopmu
HapeueHW aKTUBHU KHCIOPOIHU (opMH -
cynepokcuzaer paaukan (O,’), XUIPOKCHICH
pagukan (OH") u BOZOpOIEH MEPOKCHI
(H,0,) npu peakuus tun I U cuHeTeH
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kucnopon ('O,) mpu peakuus tan 1. Ha
burypa 69 e mpencraBeH pena Ha
PEaKTHBOCIOCOOHOCTTAa HAa AKTHBHUTE
KHCJIOPOIHH ()OPMH U BpEMETO UM Ha KUBOT.

hv e/H (OH")
lc)2 3()2 (02.-)
Tun 1l Tun |
mn un H,0,
peakTusocnocobHocT
—
(OH*) @2 (02*) H,0,
e

BPEeME Ha HMBOT

®ur. 69. XapaKTepUCTUKU HA PEAKTHUBHUTE
KHCJIOPOJHU BUIOBE

CpmecTByBaT pa3JIMdHU METOAH 3a
noJiydyaBaHe Ha CHUHIJIETEH KHUCIOPOJ.
O6n1buBaHe Ha KHUCJIOPOAEH rais B
MPHUCHCTBUETO HA OPraHUYHO Oarpmio Karto
CeHCHuOuIM3aTop, KaTo HampuMep
METHJIEHOBO CUHBO With moppupuam. [onemn
CTaIlMOHAPHU KOHIICHTPAIlMH Ha CHHIJIETEH
KHCJIOPOJ CE€ OTYUTAT OT peakuusTa Ha
MUPOTPO3/eHATa KUCEIWHA B TPUIJIECTHO
BB30YJCHO CHCTOSTHHE C Pa3TBOPEH BHB BO/IA
KHCJIOPO/.

CHHTIIETHUAT KHUCIOPOJA, BBIPEKH UYe €
HepasaeiaHa 4YacT oT (oToamHaMUYHATa
Tepamnusi, € TPyAHO KOHTPOJIUPYEM, CTpaja OT
ciaba CeEKTUBHOCT U MMa Obp3a CKOPOCT Ha
pasyiarane B 6uosnoruyHa cpena. [Iposexaar
ce M3ClIeJBaHUSA 3a KOHTPOJHPAHO
0CBOOOYK1aBaHE HAa CUHIVIETEH KUCJIOPO U 3a
MHUNUUDPAHE HAa CEIEKTHUBHU
B3aUMOJEHCTBU, 3a Ja C€ MOJYYH
NOCJEeN0BaTEIEH U BB3INPOU3BOAUM
TeparneBTHYEH €PEeKT BbPXY IIeJIeBaTa ThKaH.

1.4. XapakTepuCTHKHN Ha
poTrocencuOmauzaropurte 3a

(oronuHaMUYHU LETH
BuB O[T ocHOBHaA posg urpae Buja Ha

dotocencubmnmmzaropsT (PC) m Heromara
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KOHIICHTpAIMs, a W3MO0JI3BaHATa CBETIMHA
TpsiOBa 1a e Onu3ka 10 aOCOpOIMOHHUS MY
MaKCUMYyM U J]a UMa MOJXO/SII UHTCH3UTET.
Crnen otkpuBaHeTO Ha (OTOAMHAMUYHUSAT
npoiiec B HauanoTo Ha 20 Bek ca 3anoyHain
Jla ce U3MOJ3BAT ,,CBETIIMHHO aKTUBUPAIIIU CE
Oarpmia‘ karo porocencudbunuzaropu. [Ipes
nocinequutre 20 TOOUHHU ce TpeAnpueMar
pa3IMYHU TOAXOAW 32 ONTUMU3UPAHE Ha
doronnnamuyHuTe cBoiictBa Ha ®C, upe3
Moau(pUIIIpaHe HA XUMUYHATA UM CTPYKTypa
WIK 4ype3 pa3pabOTBaHE Ha HOBHU KJIACOBE
®C. CrpykTypaTa Ha
boToceHcHuOUIM3ATOPUTE OMpeaeas
dboTouznuHnUTe U PapMaKOKHHETUYHUTE KM
CBOWCTBA WM KaTo CJEJICTBHUE BOAHU [0
pasiuuHa €(PeKTUBHOCT, CEJIEKTHUBHOCT,
METO/IH 3a MpUjIarane, CXeMHu 3a 00IbUBaHe U
CTpaHU4YHU e(eKTH (MosiBaTa B IbITOCPOUEH
nniaH Ha GOTOTOKCHUYHOCT).
AOGcopOIMoHHUAT criekThp B YB-Buaumara
0071aCT Ha BCEKU eA1H (POTOCCHCHUOMIU3ATOP
€ Moxe Ou Hail-BaxXHOTO MY (OTOPU3NIHO
cBoiicTBo. Jlobpe e ma chIiecTByBa
BHb3MOXHOCT 324 KOHTPOJ BBbPXY
abcopOIMOHHUTE CBOWCTBA Ha
dboToceHCUOUNTU3ATOPUTE, THhU KATO
pa3IMYHUTE ThKaHU H3UCKBAT Pa3JIUYHU
IBJDKMHU Ha BBIHUTE Ha Bb30yXKIaHe, B
3aBUCHUMOCT OT MSCTOTO, pa3mepa,
NJIBTHOCTTA U MUTMEHTAIUSITA CH.
JIb6ounHaTa Ha MPOHUKBAHE HA CBETIMHATA
npe3 ThKAHUTE € MPSAKO CBBP3AHO C
TBJDKMHATA Ha BbiHATa M. KoeuueHTsT Ha
MponyckaHe Ha OMOJOTMYHUTE THKAHU €
OTHOCHUTEIHO HUCHK IIPU MIO-MaJIKa IbJKUHA
Ha BBJIHATA W HAPAcTBa B JBJITOBbIHOBAaTA
ob6nact. TpsOBa na ce uma B TIpPEABHUI, 4e
BOJlaTa 3amouBa jga abcopOupa CHIHO
SHEPrusTa ¢ IbJDKMHA Ha BhJIHATA ITO-TOJIIMA
or 900 nm. Ha ¢durypa 70 e mpencraBeHO
B3aMMOJICHCTBUETO HAa CBETIWHATA C
ThKaHHUTE.
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Wavelength

®ur. 70. CxemMaTu4HoO HpeACTaBsSIHE Ha
IbJIOOYMHATA HAa TPOHUKBAHE Ha Pa3JMYHUTE
I'bKUHY Ha BBJIHATA B MOJIE/I HA ThKaH.

1.5. CBoiicTBa H a

(poroceHcnOnIM3aTOPUTE
Uneannusatr ¢oroceHcubunuzatop 3a

doronuHamMuuHa Tepamus TpsOBa na uMma

CJIETHUTE XapaKTEPUCTUKH:
a) JIECHO J1a CE CHHTE3UDA;
0) Jnma ObJie XMMUYECKH YHCT U C MO3HAT

ChCTaB;
(B) ma mpuTekaBa BUCOK KBAaHTOB JIOOMB

Ha cuHniereH kucaopon (O ot 0.2 10 0.8);
(r) mawuma cuiHa abcopOIus B uepBeHara

oOmact Ha Buaumus criekTwsp (680—-800 nm) ¢
BUCOK KOC(UIMEHT Ha eKCTUHKIuA (€,,.),
Harp. 50 000=100 000 M 'cm ' nm 3a in vivo
JICYCHHE, TMOpaJy IMPEUCHIOTO BIUSHHE Ha
XeMOoTIIOOMHA U MeJIaHMHA B 00J1acTTa C I0-
HUCKa JbJDKMHA Ha BhJIHATA. ToBa 1M03BoJIsIBa
BBHBCK/IAHETO HA MHHHUMAIIHO KOJIMYECTBO
(dboTOCEHCUOMIN3aTOp U TEHEPUPAHETO Ha
TOJISIMO KOJIMYE€CTBO PEaKTUBHU YaCTHIIH,
() ta mpuTexaBa ABITa
MPOIBDKUTEIIHOCT HA XUBOT B TPHILICTHO
ChCTOSIHME W CHEpTHs Ha TPHUIJICTHOTO

-1
CBhCTOSTHHE MO-rojiiMa ot 94 kJ/mol
(¢) edheKTUBHO W HPEAMMHO Ja ce

HaTpynBa B aTaKyBaHUTE ThKaHW (HAIp.

TyMOpHA ThKaH);
(k) 1a mpUTekaBa HUCKAa TOKCMYHOCT Ha
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ThMHO, @ CBIIO M HETOBUTE METa0OIUTHU
(MpOYKTH, MOy YEHH [TPH PA3MaJaHETO MY );

(3) ma O6bae craluieH, pa3TBOPUM B
TEJIECHUTE ThKAHHU TEYHOCTHU U JIECHO Jia CE
BBbBEX/JA B TSJIOTO Ype3 MH)KEKTUPAHE MU

JIPYyTH METO/TH;
(1) ma ce otmenst ObP30 OT TSIOTO CIIET
3aBBpIIIBAHE HA TEPATIEBTUYHUS MPOIIEC.

1.6. Biusinue Ha poToceHcHOMIN3aTOPA
doTOCEHCUOUTU3ATOPHUTE Ca BaXEH

KOMIIOHEHT BbB ()OTOAMHAMUYHATA TEPAITHSI.
OT T4X 3aBUCH HMHKYOAllMOHHOTO BpeEMeE,
IbJDKMHATa Ha BbJIHATA, CBETJIMHHATA 1034,
MOJIEKYJIHHUS OTTOBOP Ha KJETKUTE Ha
TepanusitTa. MHOTO ChEIMHEHUS Ca
u3cieaBaHu 3a npuwioxenue BbB O[T, kakto
in vitro, Taka u in vivo. 3cnenBanusara B
obylacTTa ca akTyajJdHHU, ThH KaTO €
HE0OXO0OUMO ISIIOCTHO pazOupaHe 3a
MOJIEKYJIHUSI MEXaHU3bM Ha JCUCTBHE Ha
boToceHCHOUTU3ATOPUTE, TAXHATA
e(DEeKTUBHOCT MPHU TeHEpUpPaHEe Ha CUHTJICTEH
KHUCJIOpOJ, aUHUTETAa HAa KIECTHYHHUTE
CTPYKTYPH U TIXHATA PEAKIIHSL.

ITI.2. OCHOBHHM TpPynmu

(PporocencudnIN3ZaATOPH
doTOCEHCUOMIN3ATOPUTE UMAT IbJra

CHUCTeMa OT CIPETHATH JBOWHU BPB3KH U
abcopOupar cBeTIMHA BHB BHIMMAaTa WU
WH(ppadyepBeHaTa 001acT, mMopajau KOETO ca
IIBETHU CheAWMHEHUs wim Oarpuia. Haii-
U3CIICIBAHUTE (POTOCCHCUOMITN3ATOPH ca:
nopQupUHU; XJIOPUHU; PTATOUHAHUHH;
CUHTETUYHH Oarpuiia v MPUPOTHU BEIIECTBA
(burypa 71). Cpen TiIX Hal-UIUPOKO
M3M0JI3BaHUTE (OTOCEHCHOUIU3ATOPHU ca
nop(UPHUHUTE U CPOTHU HA TAX CHETUHCHHUS.

nophupun xemarornopduprx XJIOpUH
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®@ur. 71. Ctpykrypu Ha (a) mopdupusn, (b)
xeMarornopupuH, (¢) XJIOpuH

2.1. Iloppupunn

B npuponara mopdupunuTe UTpasT BakHA
posii BbB (POTOCHMHTE3aTa, TPaHCIOpPTa Ha
KHCJIOpPOJ, peakKmuuTe Ha OMOIOTUIHO
oKHcIeHue u peaykuus. Te ca gobpe
pa3TBOPMMHU BBB BOAA, ThH KAaTo ChIBpPIKAT
KaTHOHHHU TPYyMNH, KOETO OMpenens u
roJIeMHusIT UM aQUHUATET KbM KICTHUHUTE
CTPYKTYypHU (BKIIOYUTEIHO OTPHULATEIHO
3apenenutre JJHK u PHK), xakro um ummar
KamalyTeT 3a MPOW3BOACTBO HA CHUHIVIETEH
KUCJIIOPOJ, 3a pa3jJuKa OT TEXHUTE
€JIEKTPOOTPUIIATEITHH M HEYTPAITHU aHAJIO3H.
[IspBOTO NpHnoxkeHne Ha MoaepHara O/IT e
noknansaHa npe3 1913 r. u nbpBUTE
BEILIECTBAa, KOUTO ca OJOOpEHHU KaTO
¢dorocencudbummzaropu B Kananga npes 1993
r. ca umenHo nopdupunure. IloBeuero
nopdupunu ce aktuBupar npu 440 nm in
vitro m npu 630 nm in vivo, nopagu
HAJIMYUETO HA HAKONKO (Q-MBHIM, KAaKTO €
nmokasaHo Ha urypa 72.

ﬂ Naphtalocyanincs
Soret Q-bands P

phthalocyanines

bacteriochlorins

Absorbance

IV - 59\\ chlorins

400 500 600 700 800

Wavelength ()

®ur. 72. AG6copOHOHEH CHEKTHp Ha
nop(UPUHOBU (POTOCCHCUOMITN3ATOPH C XapaKTCPHH
MBUI: Soret-uBHIIA U YeTHPU Q-UBULIN

2.2. Xn1opunu
Jpyr Kjaac cbeIMHEHUS, M3I0J3BaHU

mupoko BB D/IT ca xyopuHUTE, KOUTO Ca
MPOU3BOJIHU Ha XJopoduia u ce moaydyanar
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OT CIIUPYJIMHA. XUMHYHATA UM CTPYKTypa ce
MOJTy4aBa upe3 peAyKIus Ha MOPPUPUHUTE U
uMar Mo-100pu aOCOpOIIMOHHM CBOMCTBA,
KOWTO MOTaT JOMBJIHUTEIHO J1a C€ MOA00pAT
ype3 KOMIUIEKCOOOpa3yBaHEe Ha METaJHU
HOHHU. B 3aBUCMMOCT OT CTpyKTypara cu ce
aKTUBHpPAT CHhC CBETJIMHA B oOjacTra Ha
650—700 nm. Hsixou OT TsX ca B ThbproBcKara
mMpexa Foscan®, Verteporfin®,
Bremachlorin®, Photochlor®, a npyru Bce
olmle ce u3cienBaT. XUMUUYHHUTE UM
CTPYKTYpH ca IIpeJcTaBeHu Ha purypa 73.

(®)

®ur. 73. Crtpykrypu Ha (a) xmopus, (6)
BetepnopduH, (B) 2-[1-xexkcunokcuetun 1]-2-
nesuHUI nupodeHodopobu-a

2.3. PrajlonMaHNHHA
OT1 1928 . pTanonmaHMHNATE CE U3IOI3BAT

KaTo Oarpmiia, OTIAMYABAIIM CE C TEPMHYHA
CTaOMIIHOCT, MHTEH3MBEH ILBSAT U TOJsIMA
uHepTHOCT. [10-KbCHO HaMUPAT NPUIIOKEHNE
B o0macTu KaTo €JNEKTPOHHUKATA,
¢oroBonTanMTE, enekTpodororpadusra,
enexkrpokaraau3ara u O®AT. Te umar
MHTEeH3UBHA abcopOuus B obnacrra 670—700
nm (4epBeHara CBETIMHA), KOETO MO3BOJISIBA
IBJI0O0KO TPOHUKBAHE B THKaHUTE, A00PO
reHepupaHe Ha CHUHIVIETEH KHUCIOpPOI U
roaxsima ¢gortocrtabunnoct. Morat na
KOOpPOAMHUPpAT METAaJlHU HOHU BBB
BBTPEIIHOCTTA CH, KOETO Ch3/1aBa Pa3INuHU
BB3MOXHOCTH 32 peryaupaHe Ha GU3NUHUTE
UM CBOWCTBA 4Ype3 CUHTETHUUYHO
Moauduuupane. OcHOBHATa XMMHUYHATa
CTPYKTypa Ha (GpTalOUMAHUHUTE €
npeacTaBeHa Ha purypa 74.
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®ur. 74. DranonraHul

2.4. benrasackara po3a
XUMHMYHATa CTPYKTypa Ha OeHrajckara

po3a e mpeacraBeHa Ha ¢urypa 75. Ts
MPOSIBSIBA IPOTUBOTYMOPHA M aHTUMHKPOOHA
akTuBHOCT. M3cneaBaHa € KaTo
(hoToceHCcHOMIM3aTop, KaKTO OTIACITHO, TaKa
U CBBbp3aHa C HaHOYACTUIM. 31puBa cHitHa
dbnyopecueHuus cien BB30yXIaHE CbhC
ceermHa mmpu 520 nm. [leiictBuero i ce
OoTpaHMYaBa OT TOBa, Y€ € XUIAPOPUIHO
ChEMHEHNE, KOETO TPYIHO MPOHHUKBA B
KJIETKUTE. 3a MpeojoJiiBaHEe Ha TO3HU
HEIOCTAaThK C€ HM3MOJ3BAT METOIHUTE Ha
HAaHOTEXHOJIOTUATA, C KOETO Ce€ IMomoOpsBa
NPOHUKBAHETO W Mpe3 KIeThYHATa
MeMmOpaHa.

®@ur. 75. X¥UMHUYHA CTPYKTypa HA CUHTETHYHOTO
Oarpuio GeHraiackara posa
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2.5. DeHOTHA3HHOBH IIPOU3BOAHH
OcHOBHaTa XMMHYHA CTPYKTypa Ha

(deHoTHa3uHUTE € MpeacTaBeHa Ha (urypa
76.

Iz

®ur. 76. OcHOBHAa XMMHUYHA CTPYKTypa Ha
(heHOTHAZMHUTE

OCHOBHU NpeACTaBUTEIN Ha
GbeHOTHa3MHOBHUTE NMPOU3BOIHU ca
METHJIEHOBOTO CHHBO U TOJYHJAMHOBOTO
CHUHBO, C XUMUYHU (OPMYIIH, MPEICTAaBEHU
Ha purypa 77. MeTHI1€eHOBOTO CHHBO UMa J1Ba
abcopOoHHu nuKa npu 635 nm u npu 670
nm. Hamupa npusoxxeHue B MeIUIIMHCKaTa
NpPaKTUKa MMOPaJy HUCKATa CU TOKCUYHOCT U
TeHepUPAHETO Ha CHUHIJIETEH KHUCIOPOA U
XHUJIPOKCUIIHU PaIUKaJIi, KOETO PeAN3BUKBa
amornrTo3a Ha kjeTkuTe. ToIyHAMHOBOTO
CUHBO MMa abcopOrroHeH UK mnpu 620-660
nm U nposABsiBa nmo-ciabo u3paseHa
aKTUBHOCT KaTo (hoToceHcuOummsarop 3a
(dboToguHaAMHYHA TEpaIus.

CHy CH,

(@) o ‘ ®
N s NS N2 s NH,

= ™
N N CHy

®ur. 77. XUMHYHY CTPYKTYPHU Ha: a) METUIEHOBO
CHHBO; 0) TOlyHJUHUBO CHHBO

2.6. XunepuuuH

XHUNEepUIUHBT € TPUPOAECH MUTMEHT
U30JUpPaH OT XBIATUA KAaHTApUOH (BHU]
Hypericum) u TpagumuoHHO HaMupa
NpuUJIoKEeHHE B HapoaHaTta menuiuHa. [Ipe3
nocJaeJHUTE TOAMHU TOH € OO0EKT Ha
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3a4bJI00YCHN OMOXMMHYHHM H3CIICIBAHUS C
el JOKa3BaHEe Ha HeroBmarTa
AaHTUJENpPECUBHA, aHTUHEOIIaCTHUYHA,
MPOTUBOTYMOPHA M aHTUBHPYCHA (YOBEIIKH
uMyHoaeuuuT U Bupyc Ha xematut C)
akTuBHOCT. ChIIO Taka B CPaBHUTEIHO
HOBHUTE 0o0JlacTH Ha MEIHMIUMHCKATa
dhoToxumus u HOTOOHONOT S, HHTCH3UBHUTE
W3CIIC/IBAaHMS Pa3KpHBAT, Ye XUIICPUIIUHBT €
obemaBan, HOB TEpPalmeBTHYECH U
JTUATHOCTHUYEH areHT IMpHU JICUYCHUE U
OTKpuBaHe Ha pak (poToamHAMHUYHO
aKTUBUpPaHE Ha MPOM3BOJACTBOTO Ha
CBOOO/IHU paJIUKaIIn).

a)

@ur. 78. XuMHu4Ha CTPYKTYpa Ha a) XUIEPULIMH U
0) KypKyMUH

XUOEepUUUHBT UMAa HUCKA
LIUTOTOKCUYHOCT Ha TBMHO W 3HAYUTEIIHA
aHTHPAKOBAa AKTUBHOCT NPU KOMOHMHHpaHE
cbec cBerinHa (purypa 78a). CBeminHa ¢
MakcuMyM npu 590 nm ro akTuBHpa, KOETO
BOAM 10 (GiayopeclLUeHTHAa €MHUCHS B
yepBeHara crekTpaiHa obnact. HeroBoro
BpEME Ha IOJIY>)KMBOT B KpbBTa € 2 4aca, a
II'BJIHOTO MY €JIMMHUHUpPAHE OT OpPraHu3Ma €
npubnuszurenHo 38.5 4. [leiicTBuero my
3aBUCH OT KOJMYECTBOTO U MSACTOTO My Ha
npunioxenue. Cien obibuBaHe 3amoyBa
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IIOJIy4aBaHETO HA PEAKTUBHHU KHCIOPOAHU
BU70Be. l[Ipenu3BuKBa KJIETBYEH CTpPEC U
aKTUBUpPAHE HA KJIETKUTE HAa HMMYHHATa
CHCTEMA, KOETO € CBbP3aHO ChC CKOPOCTTA HA
arorTo3ara.

2.7. KypkymMuH

KypkyMuHBT € monugeHOTHO MPUPOIHO
CheMHEHUE, YHUATO XUMUYHa (opMmyna e
npencraBeHa Ha ¢urypa 786. [lopaau
cnenquPUYHUS CU HBAT U OUOJOTUYHO
JIEICTBUE C€ M3IOJI3BAa U KaTO IOAMpAaBKA.
Nma aHTHOaKTEpHAIHU U AHTUOKCUIAHTHH
cBoiicTBa. Hamupa paznuyHu MeTuIMHCKU
NPUJIOXEHUsS] MPU JeUYeHUe Ha paHH,
yepHOApOoOHU OOJECTH UM CTAaBHU
Bb3MajeHusi. HeroB oCHOBEH HENOCTAThK €
cirabara pa3TBOPUMOCT BBB BOJA, KOETO
HaMmajsiBa HeroBaTta OMOHAJIHYHOCT.
JlericTBueTO My ce moamomara 4ypes
pa3nuyHu MoAuduKanuu (Kancyiupase,
JUTIO30MH, JIMIIOMPOTEUHU), Ype3 KOUTO Cce
MOBUIIaBA HEroBaTta OMOCHBMECTHUMOCT.
[Tono6psiBa ce u HeroBara (POTOTOKCHYHA
aAKTUBHOCT.

2.8.1,8-Hapramumuaun payopodopu

XuMu4YHaTa CTpykTypa Ha 1,8-
HaTaTUMUHUTE TPOU3BOAHU KOMOMHHUpA
JB€ MOJICUCTEeMHU: HadTaJleHOBO SJPO H
nukapOookcu umuaHa rpyna (-OC-NR-CO),
CBbp3aHa B IIECT YIEHEH IHKBJ, KaKTO €
nokazaHo Ha ¢urypa 80. Ilpu obawuBaHe,
noisipuzanuaTa Ha 1,8-HadTanumunHaTa
MOJIEKyJla C€ OCBIIECTBABA B pe3yaTaTr Ha
noHopHoO-akumenTtopHo (JA-A)
B3aUMOJEHUCTBUE MEXAY €IEKTPOH
aKUENTOPHUTE KApOOHUJIHU TPyHH OT
UMHUJIHATA CTPYKTypa U 3aMECTUTENs B
yeTBbpTa no3unus (C-4) Ha HaTaICHOBOTO
anpo. Tazu mnoaspuzanusa BOAU 10
U3IIbYBaHEe Ha (DIyOpecleHTHa eMHCHUS C
pa3IUYHM HIOAHCH HA CHH, JXBIT, 3€JICH U
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opaHKeBo-4yepBeH LBAT. Ilo To3uM HauuH
BapUpaiKy eJIeKTPOHI0HOPHATA CIIOCOOHOCT
Ha 3aMectutelst B C-4 mo3uLus MOXKE 1a ce
MoJeNMpa cuHTe3a Ha 1,8-HadTanumMuaHuTe
ChEIMHEHUsI C MPEABAPUTEIHO 33JaJECHU U
JKEJIaH! LIBETOBU CBOMCTBA U MHTEH3UTET HA
¢iryopeciieHTHaTa EMUCHSL.

A
|

o320,

®ur. 80. XumuuyHa cTpykrypa Ha 1,8-
Ha(TaTUMU]]

B 3aBucumMocT OT TOBa KakBa
bnyopecuenunus usdabuBart 1,8-
HapTanumuauute QGayopodopu Te ce
pa3IesT Ha CIIETHUTE JIBE TPYIIH:

e M3npuBamuy BHOJETOBA, CHHS WU
CHUHBO-3€JIeHa (PITyOpEeCICHITUS C MAKCUMYMU
B obmactTa 380 - 460 nm;

e l3nbpuBamu OT XBJITO-3€J€HA J0
OpaH)XeBO-uepBeHa (PIYyOpEeCIHEeHIUsS C
MakcuMymu >460 nm.

N3cnenBanusara Ha (GoTODU3UYHUTE
CBOMCTBa Ha NPOM3BOAHUTE Ha 1,8-
HadTanmuMuIHUTE (PIyopecleHTHH Oarpuia
MOKa3BaT, 4ye T€ Ce OTIMYaBAT C UHTEH3MBHA
(ryopeclieHIIus, ¢ BUCOK KBaHTOB JOOUB U
NPOABJKUTEIHO BpEME Ha XHBOT Ha
Bb30yZIEHO CBHCTOSHUE, KOETO T'M NpaBH
MOJIE3HW WHCTPYMEHTH 3a W3CJICJBAHUS U
nuarHoctuka. [lopanu xapakTepHHUTE CH
(GOTOXMMHUYHU CBOWCTBA U OHONOTUYHA
AKTUBHOCT T€ HaMHUpaT MNPUIIOKEHUE B
pa3IU4HM 00JIACTH KAaTO XUMUS, OUOJIOTUS U
MaTepualio3HAaHHUE, 3a MapKUpaHe H
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BU3yalM3ausi Ha pa3nuuHu obektu. Upes
CrieIMasieH qu3aiiH Ha 1,8-HadTanumuaHuTe
NPOM3BOAHU Ca CH3AAaJECHH
BHUCOKOC(EKTUBHU M CEJICKTUBHU CEH30PHU
CHUCTEMH 3a OTKPHMBAHETO Ha Pa3jIUYHU TIO
Npupojia 3aMbPCHUTEIN B TEYHA Cpeja.
[TonyuyeHnu ca u pa3aUuYHU XETEPOTCHHHU
MOJUMEPHU CEH30PH 3a MHOTOKpaTHa
ynorpebda 3a OTKpHBaHe Ha METAJTHU HOHU U
npotoHu. Te HamMupaT HpPUIOKEHHE 3a
MoJiyyaBaHe Ha JMArHOCTHKA U KJIETHYHH
nzobpaxenusi. Ha TsixHa ocHOBa ca
pa3paboTeHu TEparneBTUYHU CPENICTBA KaTo
NPOTUBOPAKOBM JIeKapcTBa H
dbocencubunuzaTopu 3a GOTOAMHAMHUYHA

TCpaIm-A.
I[O MOMCHTA HMMa pcauna H3CICIABAHHA,

CBbp3aHM ¢ mpujgarane Ha 1,8-
HadTanuMuaIUTe U MOAMQPUIMPAHU C TIX
BUCOKOMOJIIEKYJIHHU CHhEAUHEHUS,
BKJIFOUUTEIIHO U TEKCTUITHU MaTepuaju KaTo
dboToceHCHOMIM3aTopu B aHTHOAKTEpHATHA
dboTronMHaMUYHa Tepanus 3a MPeooIsiBaHe
NPEIM3BUKATEICTBOTO Ha aHTUMHUKpOOHATa
PE3UCTEHTHOCT CHOPSIMO HM3MOJI3BAHUTE B
KIMHUYHATAa MPaKTUKa aHTHUOUOTHUIH.
OTiio)keHU BBPXY TEKCTHJIHM MaTepHald U
npu oO0JdbYBaHE, Te HE MO3BOJISBAT
Pa3BUTHETO Ha MATOT€HHU MUKPOOPTaHU3MHU.
ToBa ru npaBu MOAXOASIIHU 32 TOJTyYyaBaHe Ha
AHTUMUKPOOEH TEKCTUJ U MPEBPH3KH 3a
paHnu. Bbopeku ToBa CHHTE3MPAHETO U
IPUIOKEHUETO Ha Te3u Piyopodopu BbpXyY
TEeKCTUJIHUTE MaTepHalid MpeJCTaBIsABa
UHTEpecC, ¢ LeJl NMOCTUraHe Ha Hai-
MOJXOJISALIUTE YCIOBUSA 32 MPUITIOKEHHE, TO-
I[eJIeHAaCOUYeHO JAeHUCTBUE M A00pwu
MOTPeOUTEIICKH CBOMCTBA.

2.9. OnoOpenu ¢oroceHCHONIN3ATOPH
3ain vivo K1TUHUYHO NPUJI0KEHH e
doToceHCUOUIN3aTOPUTE, KOUTO ca

0o00peHN Bede 3a KIMHUYHO MPUIOKEHUE
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ca: noppupuH, OAKTEPUOXJIOPHUH, XJIOPUH,
¢dranonuanut (gurypa 79).

'C&*@

Porphyrin Bacteriochlorin Chlorin Phthalocyanine

ex: 407 nm ex: 374 nm ex: 405 nm ex: 635 nm
em: 620 nm em: 795 nm em: 670 nm em: 700 nm

®ur. 79. XuMru4yHa CTPYKTypa Ha 0100peHHTE 3a
KIMHUYHO TPHIOKEeHHE (HOTOCCHCHOMIN3aTOPU H
($hoTOHUZNIHNTE UM XaPAKTEPUCTHKH

II1.3. O6aacTu Ha NpUJIOKEHHE HA

(poronunamuuHara repanus
doroaguHaMUYHaTa Tepanus € ePeKTUBEH

MHCTPYMEHT 3a JICUEHHE Ha PaK, KaKTO U 3a
¢dorone3akTuBupane Ha OaKTepHH, BUPYCH,
I'bOUYKHU U TAPA3UTH.

3.1. ®oroaMHAMHUYHATA AHTHUTYMOPHA

Tepanus
doToAMHAMUYHATA AHTUTYMOpPHA

Teparus ce Hapek/1a Ha YETBbPTO MSICTO CPeJL
NPOTUBOTYMOPHUTE METOJM 3a JIEUECHUE,
cilel XUpypruuHaTa MHTEpPBEHUHUS,
XHUMUOTEpanuATa U Jpuerepanusra. Ts
HaMuUpa MPUIOKEHNUE U IIPU Pa3INIHU JIPYyTH
3a00J15BaHMsl KaToO Bb3pacToBaTa MakyJlHA
NereHepanus, peBMaTOUAEH apTpPHUT,
aTepOCKJIEpOTUYHMU miaku u ap. Ilpm
dboTogMHAMUYHATA AHTUTYMOpPHA TEpamus
(OTOYYBCTBUTEIHUTE BeUIECTBa TpsAOBa 1a
ce mpuiarar cuctemMHo. Cnes Bb30yK1aHe Ha
borocencubunuzaropa ce reHepupa
CHUHIJIETEH KHUCIOPOJ, 4Ype3 KOWUTO ce
YHHUUIOKAaBaT TYMOPHUTE KJIETKHU.
AnTHpakoBara (GOTOIUHAMHUYHA TEeparus ce
Ipuiara B KIMHUYHATA IPAKTUKA OT HAKOJIKO
NECETUIIETUS] 3a TPETUpPAHE HA AKTMHOBA
Keparo3a HMJIM Ha 0a3zalHO-KIEThUYeH
KapLUHOM.
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3.2.AHTUMHKPOOHA (poTONMHAMUYHATA
Tepanus (ADIT)

[lopagu MacoBOTO HaBIHM3aHE Ha
aHTHOMOTUIUTE ITpe3 X X BeK, NPOy4YBaHUATA
U npakTtuueckata ynorpeba Ha ADAT
ocTaBaT ABJIrO0 BpeMeE€ B 3aCTOHW.
AHTUMHUKPOOHUTE MPUITOKEHUS HaA
dboTonMHAMUYHUTE TIPOLIECH Ca MPEOTKPUTHU
ensa npe3 90-te roguHu Ha XX BEK, Clel
nosiBaTa Ha IbpBaTa PE3UCTEHTHA MHPEKIIUS
KbM IPWIAraHUTE JOTOraBa B KIMHUYHATA
NpaKTUKa aHTUOMOTUIIM. MHOTOroIUIIHATA
U HEKOHTpoNupaHa ynoTpeba Ha
AHTHOMOTHUIIM BOAU N0 TPOIBIKABAIIO
CBETOBHO HAapacTBaHE Ha JIEeKapCTBEHAaTa
PE3UCTEHTHOCT CpeJ MHOTO KJlacoBe
NaTOreHHu MUKpoOu. MHorosjekapcTBeHara
PE3UCTEHTHOCT Ha MaTOTEHHUTE OAKTEPUHU Ce
npeBpblla B CEpUO3HA 3amjiaxa 3a
oOmrecTBeHOTO 3apaBe. CBETOBHATA 3/paBHA
opraHu3alnus OpeaynpexjgaBa, 4ue
HabnuxaBa "moOCT-aHTUOMOTHYHA epa, B
KOSATO NpeOHUTE HapaHsABAaHUA U
0OMKHOBEHUTE MH(DEKIIUU MOTaT J1a yousar".
I'pam-nonoxurennure u I'pam-
OTpHUILIATEIHUTE cynepOaKTepuu, KaTo
Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas
aeruginosa u Enterobacter species, T.Hap.
natorenn "ESKAPE", ca cmocoOHu na
YCTOAT HA IMOYTHM BCUYKHU BHI0BE/KJIACOBE
AHTUOMOTHIIM, M3MOJ3BAHU B KIMHHUYHATA
npaktuka. [lopaaum ToBa HamupaHeTro Ha
HOBHM moaxoau 3a 6opba c
MYJATUPE3UCTEHTHUTE OaKTepUU CTaBa BCe
[10-BaYXKHO 1 HAJIO)KUTEIHO.

AHTUMUuKpoOHaTa (GOTOMMHAMHUYHA
tepanusi (ADJT) e obemaBamn moaxom 3a
JieueHre Ha OakTepuasHu WH(EKIUU, KOUTO
ca HemoJaTIuMBU Ha aHTUOWoTUIHU. To3m
METOJl € M3BECTEH C MHOTO HMMEHa, Karo
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aHTUMUKpoOHa GOTONMHAMHUUYHA
MHAaKTUBANUS, aHTUMUKpPOOHA
GoTOMHAKTUBALKUSA, aHTUMUKPOOHA
dboToaMHaMUYHA Tepamnus, JeTalaHa
¢dorocencubunmuzanusi, GpoToakTUBUpaHa
nesundpexnus (B oOmacTTa Ha
croMartoliorusita), GOoTOAMHAMHUYHA
AHTUMHKPOOHA XUMHUOTEpANUusa U
(dhoTonMHaAMUYHA HHAKTUBAIUS Ha OaKTEPHH.
Beuuku Tesu Tepanuu ce pasndyaBaT camo
M0 HaWMMEHOBAaHUETO, Thil KaTo PabOTAT MO
€/IVH U CHIIHU HAYUH, T.€. UYpe3 U3IMOI3BAHE Ha
CBETJIMHA 3a aKTUBUpPAHE HA EK30TCHHU
CPCINMHEHUSN, HapUUYaHU
dorocencudbunmuzaropu (PC), reHepupaiiku
PECaKTUBHHM KHCIOPOIHH BHUJIOBE, KOUTO
youBar maroreHuTe MukKpoopramsmu. OC
HsIMa WM MMa MHOTO Majika aHTHMHKpPOOHa
aKTUBHOCT Ha ThMHO. [lom neficTBue Ha
CBETJIMHA C TIOIXO/IAIIA IBJDKUHA HA BhJTHATA,
NpU KOSITO (GPOTOYYBCTBUTECIHOTO
chenuHeHue abcopbupa boToHH,
OOMKHOBEHO BHB BUIMMHS CHEKTpaJicH
nuanaszoH (400-700 nm), To mpeMHUHaBa OT
OCHOBHO CBHCTOSSHHE Mpe3 BB30OYICHO
CHUHTJIETHO CHCTOSHHE IO TPHUIIECTHO
CBCTOSIHUE, B KOETO pearnpa ¢ MOJISKYJIUTEe Ha
TPUNJICETHHUSA KUCIOPOJ CHIIACHO
MEXaHU3MbT, TIPEACTaBeH Ha ¢urypa 68. B
pesynrar Ha (ortoakTuBUpaHeTo Ha DC ce
o0pa3yBaT peakTUBHU KHCIOPOIHH BHUIOBE
(PKB), BKIIOYBAIIM CHHIJIETEH KHCIOPOT
('O,) unu pajauKanM, KOUTO Ca TOKCHYHHU 32
neneBute kineTku. @C, pa3moliokeH B
OakTepuuTe UIMU Ha OakTepuaaHaTra
MOBHPXHOCT MPEIN3BUKBA TSIXHATA KJICThYHA

CMBPT.
B Momenta A®JT ce nmpumnara 3a

KJIMHUYHO JIeueHHEe Ha OaKTepHalHHU
nHpeKnuu B ycTHaTa KyXWHa, HO ca
HEOOXOIMMHU Olle u3CIeBaHUSA 3a
MIPUJIOKEHUETO ¥ TP APYTHU 3a00JIsIBaHUS.
ADJ[T nma royisiM NOTEHIHUAI Ja CE CIPABHU C
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paspyliaBaHe Ha OakTepuaaHu OHODUIMH,
KOUTO MHa4Ye ca MHOTO TPyAHHU 3a
Bb3aelicTBue. AD/IT e MHOTO eexkTUBHA TPU
JOKAJIM3UPAHU MHUKPOOHM HH(MEKIUU Ha
koxata. OcCBeH ToBa TS MOXe Ja ce
KOMOHMHHUpA C IPYTH aHTUMUKPOOHU METO/IH,
KOETO J]a KOMIIEHCUPA TEXHUTE HET0CTAThIU
¥ J1a C€ TIOCTUTHE CUHEPrUYeH OaKTepULIUIeH
eexr.

C pa3BUTHETO M YCHBBPIICHCTBAHETO Ha
ONTUYHATA TEXHOJIOTUS U TPUIaraHeTo Ha
HOBM (POTOCEHCHOMIIM3ATOPU CE€ OYaKBa, ue
ADJIT mie cTaHe eauH OT Hali-00CIIaBaIIUTE
HOJAXOAM 3a JIeueHUue Ha OaKkTepuaIHu
UHpEKIUHU, 0COOCHO Te3M, MPUUYMHEHU OT
0aKTepuu ¢ MHOXXECTBEHa JieKapCTBEHA

PE3UCTEHTHOCT.
A®D/IT uma HSIKOJIKO MPEIUMCTBa Ipen

AHTUOMOTHUIIUTE:

[IbpBOTO BaskHO NMpPeaUMCTBO €, ye ADIT
nposiBsiBa crnenuuuHO AEHUCTBUE KBM
MSICTOTO Ha 3apa3siBaHe, OPaJIu:

® Ipe00JI1aaBaIioTo CBEP3BaHe/ IPUEMaHe
Ha OC OT 1eneBuTe KIETKU B CPABHEHHE C
HEIEJICBUTE KIICTKH;

e (bapmakonmHaMHUYHATA WHEPIHS Ha
HeoOnpuenure OC;

e 1eyeBo oOJbYBAHE Ha 3apa3eHara
oOnacr.

B pesynTar Ha KOe€TO TOKCHYHOCTTA 0
rojsiMa CTEIeH JIUICBAa W3BbH OONbYEHATa

30Ha, HacuteHa ¢ OC.
Hpyro BaxxHo npeaumcTBo Ha ADJIT npen

AaHTUOMOTHUIIUTE €, Ye HE CE& pa3BHUBa
pe3ucteHnTHocT cpemy P®C. B ToBa
OTHOIIIEHUE MOBTOPHOTO Tpetupane ¢ ADJT
HE BOJU J10 CEJEKUHUsS Ha PE3UCTEHTHU
1aMOBE€, KOETO C€ JbJKM Ha HIKOJIKO
OPUYHHMU:

e Bpemero mexay npuiiaraseto Ha ®C u
nporndanero Ha O/IT e TBBpAE KpaTko, 3a 1a
Morat O0akTepuHuTEe Ja Pa3BHUAT
PE3UCTEHTHOCT.
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e DOTOCEHCHOMTN3AaTOPUTE OOMKHOBEHO
HE MpPOSABSABAT TOKCMYHOCT, B pE3yaTarT Ha
KOETO Ha OaKTepuUTE HE Cce Hajlara Ja
BKJIIOYBAT aJalTUBHU MEXaHHU3MHU 3a
OLICJISIBAHE CPEIILY THX.

¢ 3a OakTepuuTe € TpyaHo aa "ycerar", ue
OKCUJATUBHUAT CTPEC MPOM3IU3a OT UHAYE
HeToKcuuHus ®C, Taka 4ye BCUUKH
MeTa0OJMTHU ajanTallid ca HACOYEHHU
npyrajie (Hamp. KbM aHTHOKCHUJIAHTHUTE
3aIUTHU MEXaHU3MU).

e KileTkute ca TBbpAE YBPEIACHU ClIie]
@®/IT, koeTo ru JMIIaBa OT Bb3MOXKHOCTTA J1a
npeaaBaT aIalTUBHOCT MEXy ITOKOJICHUSTA.
Ocgen ToBa, ADJIT He € HacoYeHa KbM €THO-
€IMHCTBEHO MACTO B OaKTEPUATHUTE KIETKHU,
KOE€TO € MHOTO HNO-pPa3jJU4YHO OT
KOHBEHIUMUOHAJIHO M3MOJN3BaHUTE
aHTHOMOTHUIIU. PeakTHBHUTE KHUCIOPOIHU
BHU10BE, reHepupanu ot ADJ[T, ca HacoueHun
KbM pa3JInYHU CTPYKTYpU HAa OaKTepUaTHUTE

KJICTKH U pa3JINYHU METa00JIUTHH ObpTHUIIA.
Tesn INIpu4YuHU Ca B OCHOBATa Ha

MoTeHIIMalHaTa mnojie3HocT Ha AD/T B
OopbaTa ¢ PE3MCTECHTHHUTE IaMOBE IO
MHUHHMMAJIHO MHBAa3WBEH W ygo0eH 3a

NAlMEeHTUTE HAYKH.
Eduxacnocrra Ha ADJIT 3aBrcH Hali-Bede

oT ontumanHata komOunHauus or ®C u
ceetauHara. Mneanauar ®C 3a AD/T
TpsiOBa Ja ce XapaKTepus3upa C BHUCOKaA
(OTOTOKCUYHOCT, HHUCKAa TOKCUYHOCT Ha
THMHO, BUCOK KBAHTOB JIOOMB Ha TeHEpUPaHE
Ha 'O, uau cBOGOAHM paaMKalH,
npedepeHIaiHO CBbp3BaHe ¢ OaKTepuu B
CpaBHEHHUE C KJIETKUTE Ha Oo3alHHIIUTE,
noaxonsima papMakoKHHETHUKA U
HaTpynBaHe B OaKTEpUUTE WU CBbP3BaHE C
OakTepuallHaTa KJeThbyHa OOBUBKA.
Cepp3Baneto Ha ®C ¢ OGakTepuasHaTa
KJIeTKa M MOTJbIIAHETO 3aBUCSIT OT
OaxTepuanuus Bua. [lopaau otnnunTenHara
CTpPYyKTypa Ha KjieTbuyHara oOBHMBKa, [pam-
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MOJOXXUTEJIHUTE MAaTOM€HU Ca MHOTO MO-
MOJIaTJINBU KbM aHUOHHU U HeyTpainHu OC
nopanu nebeaus, HO MOPbHO3EH
NEeNTUIOITIMKAHOB CJION BbpPXY BBHIIHATa
NOBBPXHOCT. ['pam-oTpunarennu OakTepuu
ca [0-MaJKo CKJIOHHH J1a MpUeMaTr eK30Ir€HHU
CbEMHEHUS MOpajgu NONbJIHHUTEIHATA
BbHIIHA MeMOpaHa u OapuepaTa Ha
NPONYCKIUBOCT, KOSITO CE€ Hajgara oT
JUINONONN3aXapuauTe. 3a MpeAroYUTaHE €
ADJIT na ce uzBbpiiBa ¢ katuoHHu ®C 1npu
nBata Buja Oaktepuu. JlokazaHo e, ue
KAaTUOHHUTE GEHOTHMA3ZUHOBH,
bTalTONMMAHUHOBU U MOPPHUPUHOBH
NPOM3BOJAHU 3HAYUTEIHO MOBUIIABAT
dboToToKCHYHOCTTA KakTo mpu [pam-
NOJOXUTEJIHU, Taka U npu I'pam-
OTpULIATeIHU BUAOBE. B HsiIKoW ciyyau
obaue, OTpULATEIHO 3apeJeHU HUIHU
HeyTpasiHu @C ¢ BUCOKa KOHIIEHTpauus ca
no-eextuBHU oT KatnonHute OC. Brrpeku
Yye HE C€ MOoeMaT B TrOJeMHU KOJIWYECTBA OT
6aktepuute, ®C ce HaTpynBar
U3BBHKIIETHYHO B HEMOCPEICTBEHA OJIM30CT
710 KJIeTh4HaTa MeMOpaHa. [ eHepupanero Ha
PEAaKTUBHHU MEXJIHUHHU NPOAYKTH B
HeIocpeacTBeHa OJIM30CT JO0 KIEThYHUTE
CTPYKTYPHU IPUYMHSIBA JUPEKTHO OKUCIEHUE
Ha TE€3M KOMIOHEHTHU HJH IMO3BOJSIBA
TpaHCMeMOpaHHa AuQy3us Ha PEaKTUBHU
MEXJIWHHU NPOAYKTH M MOCJEIBAILIO
OKHCJIUTEIIHO YyBpEXJIaHE Ha pPa3InvyHU
BbTPEKJIETHYHU LieJIU. B moBedero ciryyau
ADJIT nmpoTrya NpeauMHO 4pe3 MPOLECH OT
tun II. Benpeku ToBa, cpaBHsiBaiiku DC,
KOUTO Ca CKJIOHHM J1a IPEMHUHABaT Npe3
mexanu3bM Ttun I unum tun II, ce e
YyCTAaHOBUJIO, 4ye ['pamM-oTpuuaTeaIHUTE
BHUJOBE ca MO-4yyBCTBUTEIHU KbM OH,
OTKOJKOTO KbM 'O,. ClenoBaTeqHO IpH
HacouBaHE KbM [pam-oTpullaTeTHU BUIOBE
ce npeanoyrrta peakuus ot tui [. Muoro ®C
NbPBOHAYATHO Ca MOKa3alu BUCOKA
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MHAKTUBAIlMOHHA epukacHoCT cpety ['pam-
MOJIOKUTENHN OakTepUH B HATHUBHATa CU
dopma. I[lo-kbcHO obGaue Tezu OC ca
MOIUGUIIPAHU CTPYKTYPHO upe3 1o0aBsHe
Ha KaTUOHHU (DYHKIIMOHAIHHU IPYIIH, 32 J1a Ce
nogo0pu TepareBTUYHATa €PUKACHOCT U U
I'pam-oTpunaresHu BUg0BeE.

3.3. llpeauMcTBA U HEAOCTATBHUM HA
ADT

MetoabpT Ha A®JT 3a nedyeHue Ha
OakTepuaHU U T'HOMYHU WH(]EKIUU uMa
3HAYUTEJHU TMPETUMCTBA U TEPCIICKTHBA B
CpaBHEHHE ¢ 00WYalHO HW3MOJI3BaHU B
KJIWHHWYHATa NMpaKTHKa JEKapCTBCHU
cpencta. Tol € 3aMuclieH Ja ObJe €BTHH,
€KOJIOTMYEH M J1a IOKa3Ba BMCOKO HHMBO Ha
0€30MMacHOCT TP Pa3IUYHU TPUII0KSHHUS.
OcuHoBHute npeaumctBa Ha ADJT ca

CIICITHHTE:
(1) mupok cnekrbp ot aeictBue: OC

e(heKTUBHO MHAKTUBUPAT OaKTEPUH, BUPYCH,
'bOUYKHU U Mapa3uTH KaKTO B JIATEHTHH, TaKa
U BEreTaTUBHU CHCTOSHUSA, TPOTUBOpPEUAIIN

Ha XUMHO-JICYCHUETO;
(2) edexTrBHA POTOTOKCMYHA AKTUBHOCT

cpemy yCTOWYUMBH Ha aHTUOUOTHUIHU

MUKPOOHH IIIaMOBE;
(3) nmmca Ha cCeNeKI U Ha

(hoTOyCTOMYNBU MUKPOOHH BUIOBE;
(4) HUCBHK MyTareHeH MOTeHIUAT;
(5) BUCOKAa CENEKTUBHOCT NpHU

YMBPTBABAHCTO HA IMATOICHU B CPABHCHHUC C

ThKaHUTE Ha TOCTONPUEMHHUKA;

() BUCOKAa CENEeKTUBHOCT B
MPOCTPAHCTBO U BPEME; MUKPO-CEKYHIHUST
KpaTbK KMBOT U BHCOKaTa PEAaKTUBHOCT Ha
cunrneTHuaT kuciopoxn ('O,) orpaHuyaBa
$GOTOOKCUIATUBHOTO yBpE)XKJaHE Ha
MUKpOCpe/iaTa;

(7) BB3MOXKHOCT 3a TOBTOPHO U3ITOJI3BAHE
Ha @C, KOeTO mpaBHU TEXHOJOTHUATA IO-

€BTHHA M €KOJIOTUIHA.
Karo Hemoctarbk Ha ADIT Moxe na ce
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OTYETEe, Y€ PEAKTUBHUTE KHUCIOPOIHU
BUJIOBE, TeHepUpaHu Npu (HOTOBB30OYk IaHE,
ca Hecrienu(UYHU U CIIEAOBATEIIHO T€ MOTaT
na yOMsST KaKTO MAaTOTEHHUTE, Taka H
noJIe3HUTEe OakTepuu, HaMHpAIld CE B
6nu3oct. CbBpEMEHHUTE TEXHOJIOTHH
MO3BOJISIBAT [l CE€ KOHTPOJIIMPA pPEaKUUsATa
Yype3 ONTUMHU3UPAHE Ha KOHIEHTPALMUTE Ha
®C, BpeMe Ha H3JaraHe Ha CBETJIMHA M
WHTEH3UTETA Ha CBeTJIMHATa. Bbpeku ToBa,
HamnpeabK B CHEeNU(UUHOTO 3a OpraHU3Ma
npukpenBane/goctaBsine Ha OC u
K O HTJpPOIJIMHU P aH_HOT O
NpOU3BOJNCTBO/OCBOOOKIaBaHE Ha
pPEaKTUBHUTE KHUCIOPOJAHU BHUAOBE ca
npenuzpukareactBo. AT edexTuBHO
yOuBa MaTOreHHUTE MHUKPOOPTaHU3MH KaTo
Escherichia colin Pseudomonas aeruginosa,
OTTOBOPHM 32 WH(EKIHH MpPU KUBOTHU U
xopa. IIspBo nmokonenue ®C kato
TOJIYUJUHOBO CUHBO MJIM METHUIIEHOBO CUHBO
NpeIN3BUKBA YBPEXKJaHE Ha KJeThbYyHATa
cTteHa U pa3pymasaHe Ha JIHK B meneBute
MuKpoopranu3zmMu. OcBeH TOBa, cujara Ha
HAKOU BUPYIEHTHHU GakKTopHu
(nunmomnmonu3zaxapuAau U MpoTeasza) e
JOKa3aHO, Y€ HaMalliBaT 4ype3
dbotocencubunuzanusa. [lopaagu
JOKaJIM3UpaH U HEWHBA3UBEH XapakTep,
CTpaHUUYHUTE €PEeKTU Ha MHOTO
aHTHUOMOTHIIM ca MaJKO BEpPOSATHU Ja ce
cayuar. OcBeH TOBa, pa3BUTUETO Ha
pe3ucteHTHOCT KbM ADJT 6u 6uno manko
BEPOSATHO, ThH KaTo HeroBara OakTepUIIMIHA
aKTUBHOCT ceé ABIKU Ha 'O, U Apyru
PEaKTUBHU KHUCIOPOJAHHU BHUIOBE KaTo
XUAPOKCUIIHU paJuKaliu, KOUTO 3acsArar
penuua kierbunu uenu. Bupycu kato HIV-1,
HSV u VSV cbuio ca24 nogatinusu Ha AD/IT.
Hamnpumep MmeTusieHoBO cHBO (OTOYyBpeXkKIa
AnpOTO npotenHu, BupycHara PHK u ensumn
na HIV-1.
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OPTIMIZATION OF ACRYLIC FIBER DYEING
IN LABORATORY CONDITIONS

Goran Amin', Sandra Konstantinovic', Igor Jordanov’, Dragan Djordjevic'
'University of Nis, Faculty of Technology, Leskovac, Serbia
*Faculty of Technology and Metallurgy, Skopje, North Macedonia

ABSTRACT

Optimization of the factory recipe for dyeing acrylic fibers in laboratory conditions was done
in this article. The basic color The dye Basic Red 46 was used for dyeing, while uncolored acrylic
fabric in plain weave was used as the substrate. The optimized recipe for dyeing acrylic fibers
with a basic dye is partly different from the recommended factory recipe. More efficient dyeing
through optimization means more dye on the fiber and less waste dye remaining in the bath after
dyeing, which certainly facilitates the purification of liquid waste. Dyeing in laboratory
conditions has its specificities, but it is a good basis for the formation of dyeing parameters in
industrial conditions. Relatively smaller differences for numerous values of the parameter K/S,
for individual parameters in the recipe, may lead to thinking about a compromise for the selection
of operating parameters. Optimized and factory recipes are not universal and are not always
valid, on the contrary, the changing chemical nature of acrylic fibers and dyes will affect the
choice of working dyeing parameters, which constantly requires new analysis and laboratory

testing, as a prerequisite for industrial dyeing.
Key-words: acrylic fiber, dyeing, Basic Red 46, optimization.
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ONTUMU3SUNPAHE HA BOAAVUCBAHETO HA
AKPWJHU BJIAKHA B JIABOPATOPHU YCN10BUA

lopan AMuH', Canppa KoHcrantunosmny', Urop Moppanos’, Aparan Jxopaxesny'
'YHusepcumem g Huw, ®akynmem no mexHosozuu, Jleckosau, Copbus
*@akynmem no mexHonoaus u memanypaus, Ckonue, CesepHa MakedoHus

PE3IOME

B Tta3u crarus e ontumusupana pabpruyHara perenta 3a 00s1MCcBaHe Ha aKpUJIHU BJIaKHA B
nabopatopuu ycnoBus. barpunoro Basic Red 46 e usznon3pano 3a 0osiincBaHe Ha HEOLIBETEHA
aKpuJiHa ThKaH B IJAJIKO ThKaHE M € H3MOJ3BAHO KaTo cyOcTpaT 3a OosaucBaHe.
OnTumu3npaHara perenTa 3a 00s1CBaHe Ha aKPUIIHU BJIAKHA C OCHOBHO 0arpmiio € 4aCTUYHO
pasinyHa oT mnpenopbuutenHara ¢abpuunHa peuenta. [lo-moOpoTro onTuMH3MpaHEe Ha
00s,1MCBaHETO O3HayaBa MoOBede Oarpuio BbPXY M BbB BIAKHOTO U IO-MAaJKO OTMAIbUHO
Oarpuso, ocTaHajo BbB BaHaTa ciiel 00 1UCBaHe, KOETO YJISCHSIBA MPEUYNCTBAHETO HA TEUHUTE
otrnaabuu. barpenero B maboparopHu ycia0BUs UMa CBOUTE CHEM(PHUKH, HO € 100pa OCHOBA 3a
¢dopmupaHe Ha mapaMeTpUTe Ha GarpeHe B MHAYCTPUATHH YCI0BUsA. OTHOCUTEIHO MTO-MaJIKUTE
pa3IMKH 32 MHOXKECTBO CTOMHOCTH Ha napameTrbpa K/S, 3a oTaenHuTe nmapamerpu B perenrara,
MOTaT Ja JOBeIaT A0 MHUCIEHE 3a KOMIPOMHC Npu u3bopa Ha pabOTHU mapameTpH.
Ontumusupanutre U (HaOpUyHM pelenTd He ca YHUBEPCAJTHUM M HE BUHATW ca BaJUIHH,
HANpOTHB, TPOMEHSAIIATA C€ XUMUYECKa IPUPO/Ia Ha aKPUITHUTE BIIaKHA U Oarpuiia e moBIusie
Ha n360pa Ha pabOTHH MapaMeTpH Ha 0OsMCBaHe, KOGTO MOCTOSHHO M3UCKBA HOBU aHAIN3H U

1abopaToOpHU U3CIIEABAHMSL.
KittouoBu mymu: akpuiiHO BIaKHO, Oarpene, Basic Red 46, ontumuzarus.
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INTRODUCTION

Acrylic fibers, once composed of
polyacrylonitrile homopolymers, exhibited
great defects during dyeing, which is why
great efforts were made by manufacturers to
come up with new, modified types of these
fibers. The disadvantages were eliminated by
copolymerizing acrylonitrile with other vinyl
monomers that serve as plasticizers. The
dyeing of polymers and fibers is improved,
the reactivity, hydrophilicity, and elasticity of

acrylic fibers are increased 1.
Today, those fibers that contain at least

85% acrylonitrile are called "acrylic fibers".
Among acrylic fibers, the most common are
those with acidic (anionic) terminal groups
that have a strong affinity for basic dyes. The
anionic nature of nitrile groups gives acrylic
fibers an affinity for basic dyes, where a
cationic auxiliary agent is used as a retarder to
compensate for the negative charge of the

fibers 2.
The process of dyeing acrylic fibers brings

a qualitatively new product but also leaves
behind liquid waste that needs to be disposed
of. Optimization of dyeing, in this case, can
bring better quality dyed textiles, fewer waste

dyes, energy savings, lower costs, etc.
When dyeing acrylic fibers (commercial

dyes) in various color tones, the correct
selection of basic dyes is important. It has
been shown that basic dyes can mutually
influence the speed of transition to the fiber.
To achieve uniform coloring and economic
dyeing, the selected dyes in combination must
have the same speed of transition to the fiber

3.
It should be noted that acrylic fibers are

dyed with basic dyes only above the glass

148

transition temperature Tg, which has a
characteristic value for each type of fiber and
most fibers are between 70 and 80 C. Basic
dyes form a heteropolar bond with the anionic
groups of the fibers. The number of anionic
sites in the fiber determines the saturation
value, S, that is, the maximum amount of

color that the fiber can take 4.
Dyeing with basic dyes takes place by the

mechanism of ion exchange or by a simple
distribution of ions through the three steps

involved indyeing 5.
(a) Adsorption of dye cations on the fiber

surface.
(b) Diffusion into the fiber.
(c) Occupancy within the fiber.
The ionic attraction between the basic dye

and the sulfonic group in the acrylic fibers is
strong, which gives a high color fastness to
washing. The solid and dense physico-
chemical nature of acrylic fibers and the
strong bond between the dye and the fibers
can result in poor migration and leveling
properties during dyeing, but that is why they

have a very high color fastness to light 6, 7.
In this work, the factory recipe for dyeing

acrylic fibers with a basic dye in laboratory
conditions was optimized. It was determined
that some of the key parameters should be
changed to optimize the classic dyeing, with
savings and better exhaustion of the dye from
the dyeing bath.
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EXPERIMENTALPART
Material used

The basic dye, C.I. Basic Red 46 (DyStar
Colours Distribution GmbH, Germany),
molecular formula C H,BrN,, and molar
mass 401.3 g/mol, was used for dyeing. The
dyestuff is in the form of a dark red powder, it
dissolves in water, mainly used for dyeing
textiles made of acrylic fibers, and it can also

be used in textile printing.
As a substrate for dyeing, an acrylic

fabric in plain weave was used, the warp
setting is 17 cm”, the weft setting is 15 cm”,
and the warp and weft count is 62 tex. Before
dyeing, the fabric was washed (2 g/dm’
nonionic detergent, Lavan NKF- Textilcolor
AG, Switzerland, 1:30, 60 °C, 30 min),
thoroughly rinsed and air-dried.

Work procedure

It started from the basic recipe
recommended by the manufacturer: basic dye
2%, bath scale 1:30, Alviron W (Textilcolor
AG, Switzerland) 0.5 g/dm’, Na,SO,
(Centrohem, Serbia) 5%, TC Retard PAN
(Textilcolor AG, Switzerland) 1%, 98 C, 45
min, pH 4 (HCOOH, Centrohem, Serbia).
Constant parameters were: dye
concentration, bath scale, and amount of
leveling agent, while other parameters were
varied for optimization and selection of the
most favorable results. Variation of the pH
value for an alkaline medium was carried out

with the help of Na,CO, (Centrohem, Serbia).
The color of the fabric was measured using

a reflectance spectrophotometer (HunterLab
ColorQuest XE diffuse/80), which is
connected to a personal computer. The
Gurevich-Kubelka-Munk function, color

TEXTILE AND GARMENT MAGAZINE

strength (K/S), was determined on the
apparatus with the help of appropriate
software.

RESULTS AND DISCUSSION

The dyeing process or the reaction between
the dye and the acrylic takes place through the
sorption process, which includes a pH-
dependent dyeing mechanism. With basic
dyes, electrostatic forces between dye
molecules and acrylic fibers come to the fore.
Sorption and fixation of dyer are separate
quantities and each of them can be determined
and presented depending on the influencing

factors 7.
Dyeing optimization means choosing the

best combination of factors important for
successful dyeing that leaves the least amount
of waste dyer at the end of the dyeing process.

The influence of the pH of the bath on
dyeing

The pH of the solution has a significant
effect on effective and high-quality dyeing
with a basic dye. Figure 1 shows the dyeing
results, which directly define the best pH
value of the solution when a higher color
strength, K/S, is obtained, i.e. the highest
color strength of the acrylic fabric. The K/S
parameter represents the amount of dye on the
textile and is directly proportional to the
amount of dye bound to the textile material.
The highest values for the parameter K/S are
achieved at pH = 5, which means that under
these (acidic) conditions, most dye is bound
to the acrylic fiber in the fabric.
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pH

Figure 1. Effect of pH solution on the dyeing of
acrylic fabric with basic red dye (basic dye 2 %,
Alviron W 0.5 g/dm’, Na,SO, 5 %, TC Retard PAN 1

%, 1:30,98 C, 45 min)
Effect of electrolytes

The bath exhaustion during the dyeing
process depends on the concentration of the
electrolyte. As a rule, dye exhaustion
increases with the increase in electrolyte
concentration. The presence of an electrolyte
is necessary especially in the case of using
dyes with high affinity because it slows down
the migration of the dye, which achieves a

better uniformity of coloring 8.
Figure 2 shows the results related to the

influence of the concentration of salt-
electrolyte (sodium sulfate) on the color
strength for dyed textile samples with a basic
dye. It can be seen from the figure that with
the increase in salt concentration, the color
strength continuously increases. After
reaching the maximum, the growth slows
down and decreases with higher amounts of
electrolytes. At the amount of salt of 6%, the
strongest coloring is achieved on the acrylic
fabric,1.e. K/S=8.
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Figure 2. Effect of salt-electrolyte on the dyeing of
acrylic fabric with basic red dye (basic dye 2 %,
Alviron W 0.5 g/dm3, pH 4, TC Retard PAN 1 %, 1:30,

98 C, 45 min)
Effect of dye retarder

Dye retarders are used to reduce the speed
of dyeing, i.e. to achieve more uniform and
equal coloring of textile materials during the
dyeing process. The high affinity of the dye
for the selected textile sample can make the
dyeing happen very quickly, in just a few
minutes, however, with a side effect, uneven

or colorful dyeing on the textile 9.
From Figure 3, it can be seen that the

amount of 0.8% retarder TC Retard PAN is
quite sufficient to exhaust enough dye on the
textile material without causing problems in
color uniformity.
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Figure 3. Effect of dye retarder on the dyeing of
acrylic fabric with basic red dye (basic dye 2 %,
Alviron W 0.5 g/dm’, pH 4, Na,SO, 5 %, 1:30, 98 C, 45
min)

Effect of temperature

The rate of dyeing depends significantly on
the temperature and in all cases increases with
its increase. The increase in dye sorption with
temperature can be attributed to an increase in
the number of active surface sites available
for sorption on the fiber, and an increase in
porosity, swelling, and total free volume

inside the fiber 2, 10.
The influence of temperature on the

ability to dye acrylic fabric with a basic dye
was tested at different temperatures (60 - 100
C). Figure 4 shows that the color strength
increases continuously with the dyeing
temperature up to 100 C. The worse effect at
lower temperatures can be attributed to the
insufficient degree of swelling of the fibers,
and in connection with this, the lower
migration and aggregation of the dye into the

interior of the fibers.
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Figure 4. Effect of temperature on the dyeing of
acrylic fabric with basic red dye (basic dye 2 %,
Alviron W 0.5 g/dm’, pH 4, Na,SO, 5 %, TC Retard
PAN'1%,1:30,45 min)
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The influence of the dyeing time

The processing time, as a valuable and
important processing factor, has its influence
on the efficiency of the processing, primarily
on the greater exhaustion of the dye from the
dyeing bath. In principle, treatments that lasta
longer time sometimes bring better results,
although not always to the extent that would
be sufficient for these parameters to be
accepted as working. From the point of view
of economy and rationality, determining the
length of processing is of crucial importance
3,9.

The influence of the processing time on the
color strength of the acrylic fabric was tested
from 25 to 60 min. From Figure 5, you can see
the continuous growth of the parameter K/S,
i.e. color strength, with a slight slowdown
after 45 min. Processing for 60 minutes is
enough to reach the maximum amount of
color on the fiber in the fabric. Of course, the
question always arises, is it worth it, and to
what level should the dyeing be prolonged for
the sake of a slight increase in the color
strength, while wasting energy and time?

8.0 B o m
7.5 -
7]

2 7.0 "

6.5

6.0 4 L]

20 2IS 3I0 3I5 4I() 4I5 5I0 55 GIO 65
Time, min
Figure 5. Effect of time on the dyeing of acrylic
fabric with basic red dye (basic dye 2 %, Alviron W
0.5 g/dm’, pH 4, Na,SO, 5 %, TC Retard PAN 1 %,
1:30,98 C)
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Optimized recipes and dyeing conditions

Considering the performed checks of the
parameters that directly affect the dyeing
effects and the quality of waste-dyed water,
"optimized" recipes were determined based
on the previously presented results.

For the basic red dye used-optimized
dyeing recipe in laboratory dyeing
conditions, it looks like this:

- 1:30, bath scale (constant parameter).

- 2% dye (constant parameter).

- 0.5 g/dm’ Alviron W, nonionic leveling
agent (constant parameter).

- 6% Glauber's salt (manufacturer's
recommendation 5%).

- pH 5 (manufacturer's recommendation
4).

) - 0.8% TC Retard PAN, dye retarder

(manufacturer's recommendation 1%).

- 100 C, dyeing temperature
(manufacturer's recommendation 98 C).

- 60 minutes of dyeing (manufacturer's

recommendation 45 min).

CONCLUSION

The optimized recipe for dyeing acrylic fibers
with a basic dye is partly different from the
recommended factory recipe. Dyeing in
laboratory conditions has its specificities, but it is
a good basis for the formation of dyeing

parameters in industrial conditions.
In general, relatively smaller differences for

numerous values of the parameter K/S, for
individual parameters in the recipe, may lead to
thinking about a different choice of working
parameters. Namely, if in 60 min of dyeing K/S =
8,and 45 min K/S =7.8, then it is better to save 15
min of work and energy on dyeing considering
that the difference is minimal (K/S = 0,2),

invisible to the naked eye.
In the end, better optimization of dyeing
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means more dye on and in the fiber and less waste
dye remaining in the bath after dyeing, which
again means easier and more successful
purification of liquid waste.
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STUDY OF THE DESIGN OF COMPONENTS FOR
PERSONAL BALLISTIC PROTECTION (PBP) SYSTEMS
USING CAD/CAM/CAE SYSTEMS

Stamen Antonov', Petya Gencheva’
" National military university ,Vasil Levski’, 5000 Veliko Tarnovo, Bulgaria Blvd. No. 76
‘Defense institute “Professor Tzvetan Lazarov’, 1592 Sofia, 2 Professor Tzvetan Lazarov blvd.
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Abstract: The development of science and manufacturing technology tied to the introduction of
innovation is the continuous drive to develop the world's armies, a process that involves daily projecting,
research and experimentation, fortunately modern technology allows many of the processes to be
designed and simulated virtually before any item is physically created.

Digital prototyping with CAD systems of a specific item of personal ballistic protection equipment
allows the creation and study of the entire product before it is ever manufactured. With CAD systems,
digital prototyping could easily be implemented by integrating 2D drawings and 3D data into a single
digital model. This model is a virtual representation of the final product and helps engineers to design
better and more efficiently. This significantly reduces development costs and time to realize new
products.

In physical research, it is necessary to use n number of functional models of the existing or future
product due to the need to collect sufficient data to draw valid conclusions. There is also the 'black box'
effect, which is characterised by the fact that there are a large number of variables in the experiments that
can influence the results and make it very difficult to understand the final outcome (need for technical
means, technological systems to change geometry and mass characteristics, place to conduct the study,
etc.).

On the other hand, virtual analyses implemented by CAE (Computer Aided Engineering) products
provide almost unlimited possibilities to study an object and simulate it in the desired environment. These
possibilities to consider a large number of indicators determine the "white box" effect that occurs
precisely in virtual studies. Another plus in these analyses is the elimination of the need for physical
prototypes of the object under study, as well as the possibility of immediate optimization in the models
when analysing previous results. For the construction of this type of studies, good computational power
and experience in the field are required in the creation of the mathematical model and the correct
interpretation of the results obtained.

One of the areas where there are numerous studies and the possibility of creating models for virtual
studies is the production of personal ballistic protection components (ballistic panels and inserts for body
armor, ballistic shields, combat helmets, etc.).

In this regard, modern CAD/CAM/CAE systems could be successfully used for three-dimensional
modeling of the individual elements of the individual ballistic protection means, from which the
graphical part of the design documentation is prepared - the drawings, engineering calculations and
analyses, rapid prototype preparation, technological preparation of production, preparation of control
programs for machines with digital program control for the manufacture of different complexity of
products entering the set, as well as for the overall management of the design

Keywords: CAD/CAM/CAE systems, personal ballistic protection, equipment.
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NMPOYYBAHE HA AN3ANHA HA KOMIMOHEHTU 3A
CUCTEMU 3A INYHA BAJINCTUYHA 3ALLUTA (PBP)
C3NON3BAHE HA CAD/CAM/CAE CUCTEMU

CrameH AHTOHOB', Neta NTEHYEBA®
' HayuoHaneH soeHeH yHusepcumem ,Bacusn Jleecku’s 5000 Benuko TopHOB0,
6yn. ,banzapua”Ne 76
*MHcmumym no om6pana “lMpog.Liseman Jlazapos’, 1592 Cogpus,
6yn. “lpoghecop LisemaH Jlazapos” 2
p.gencheva@di.mod.bg

Pe3rome: PazBuTreTo Ha HayKaTa 1 IPOU3BOACTBEHUTE TEXHOJIOI MU, CBbP3aHHU C BbBE)KJAHETO HA NHOBALUH, €
HETPEKbCHATHUST CTPEMEIK 38 pa3BUTHE HA CBETOBHUTE apMHH, IIPOIIEC, KOWTO BKIIIOYBA €KETHEBHO MMPOEKTHPAHE,
U3Cle[BaHe U CKCIIEPUMEHTUPAaHe, 32 IacTHE ChbBPEMEHHATa TEXHOJOTHS MO3BOJISIBA MHOTO OT IPOLIECUTE 2
ObIaT NPOEKTUPAHU U CUMYJIMPAaHU IPAKTUIECKH PEIN KaKBOTO H A2 € €JIEMEHTBT € PU3MUECKH Ch3/IaACH.

Hudposoro npororummpane ¢ CAD crucreMn Ha KOHKPETCH €JIEMEHT OT JIMYHOTO OAMCTHYHO 3aIUTHO
00opyBaHe MO3BOJISIBA CH3/JABAHETO M MPOYYBAHETO HA [ENIUS IPOAYKT, IPEJIN TOH N3001110 /1a O'b/Ie IPOU3BEICH.
C CAD cucremMuTe ITUTMTaIHOTO MPOTOTUIIMPAHE MOXKE JECHO Jla Ce pealn3upa upe3 MHTerpupane Ha 2D
yeprexu U 3D nannu B equn nudpoB moxen. To3un Moaen e BUPTyalqHO MPEACTaBSIHE HA KpallHUS MPOAYKT U
romara Ha MHKEHEpUTE Jia IPOEKTUPAT 1o-100pe U 1no-eeKTuBHO. ToBa 3HAYMTENIHO HaMalsiBa Pa3sXoAuTe 3a
pa3paboTKa 1 BpeMeTO 3a peajn3nupaHe Ha HOBH ITPOTYKTH.

[lpn ¢usuyaKMTEe U3CIIEeABaHUS € HEOOXOAMMO Ja ce M3IMOoJ3BaT N Ha Opod (YHKUMOHAIHU MOAEIH Ha
CBLIECTBYBAIl WM ObJAEHI MPOAYKT MOPagy HEOOXOOUMOCTTa Jia ce chOepar AOCTaThbYHO AAaHHH, 32 Aa CE
HanpaesT BaJIMIHM 3aKkaoueHus. ChlecTByBa U €pEeKTHT Ha ,,4epHATa KyTH' , KOUTO ce XapakTepusupa ¢ Gpaxra,
Ye B EKCIIEPUMEHTHTE MMa ToJIsIM OpOo TIPOMEHITUBH, KOUTO MOTAT Ja TMOBIUSAT HA PE3YNITATUTE U Ja HAMPABST
MHOTO TPYIHO pa30MpaHeTO Ha KpalHUs pe3yiTaTr (HeOOXOIUMOCT OT TEXHHUYECKH CPEICTBA, TEXHOJIOTWYHU
CHCTEMH). 32 IPOMSIHA Ha TEOMETPUYHHUTE U MACOBHU XapaKTEPUCTHKH, MSCTO 32 IPOBEXKJaHE HA N3CIICABAHETO U
Ap.).

Ot nmpyra ctpana, BUupTyanaute aHanmsu, peamusupadn ot CAE (Computer Aided Engineering) mpoxykru,
MPEAOCTABST MOYTH HEOTPAHWYCHH BB3MOXKHOCTH 3a M3CJIeBAaHE Ha OOCKT M CUMYIUPAHETO My B JKelaHaTa
cpena. Te3u Bb3MOXKHOCTH 3a pa3liIexkaHe Ha rojisiM Opol mokaszarenu oOycnaBsT edekra Ha "Osutara KyTus',
KOWTO ce MOoTy4aBa MMEHHO MPHU BUPTYAIHUTE U3cieABaHus. pyr IUII0c Ipy Te3H aHaJIM3H € IPEMaxBaHEeTo Ha
HEOOXOOMMOCTTa OT (PU3MYECKH IIPOTOTUIIM HAa W3CIEABAHUS OOEKT, KAKTO M Bb3MOXHOCTTA 3a He3abaBHa
ONTUMH3ALIUS B MOJICIIUTE MTPU aHAIH3 Ha PEAUIIHU PE3YNTaTh. 3a U3TPaXKIaHETO Ha TO3W BH/| M3CIICBAHUS Ca
HEo0X0oaMHU 100pa M3UMCIUTETHA MOIIHOCT M OMHUT B 00JIaCTTa MPH CHh3IABAHETO HA MaTeMaTHYECKHsI MOAET U
MPaBUIIHATA HHTEPIIPETALHS Ha TOTYYEHUTE PE3yITaTH.

Enna ot o61acture, B KOUTO MMa MHOTO W3CIIEABAHUS U Bb3MOKHOCTTA 32 Ch3[aBaHE Ha MOZAEIIH 32 BUPTYaIHU
W3CIIeIBaHUS, € IPOU3BOJICTBOTO HA KOMIIOHEHTH 3 JIMYHA OaTMCTUYHA 3a1uTa (OaTMCTUYHH MAaHEH U BIOKKH
3a OPOHEKMIICTKH, 0aTMICTUYHU IIIUTOBE, OOMHMU KACKU U IP.).

B Ta3u Bpw3ka ceBpemennute CAD/CAM/CAE cuctemu Morar yCHeuiHo Jia ce M3I0JI3BaT 3a TPUU3MEPHO
MOZEIMPaHE Ha OTJCIIHUTE €JIEMEHTH Ha CPEICTBATa 32 HHANBUAYaIHA OaJIMCTUYHA 3alIUTa, OT KOUTO CE€ U3TOTBS
rpaguyHaTa 4acT Ha NPOEKTHATa JOKYMEHTAIUsl — YepTe)KH, MHKCHEPHU HM3UUCICHHS W aHaim3W. , Obp3a
MOATOTOBKA Ha MPOTOTHIIM, TEXHOJOTWYHA IMOATOTOBKA Ha IMPOM3BOJICTBOTO, M3TOTBSHE HAa MPOTpaMu 3a
yhOpaBieHHE Ha MallMHU ¢ OU(POBO MPOTpaMHO YIIPABICHUE 3a MPOM3BOACTBO HA PA3IMYHH IO CIOXKHOCT
HPOIYKTH, BIM3ALIH B KOMIIIEKTa, KAKTO 1 32 ISUIOCTHO YIIPaBJIeHNE Ha In3aiiHa

Knrwuoeu oymu: CAD/CAM/CAE cucremu, invHa OanucTHYHA 3alIuTa, 000pyaBaHe.
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BnBeaenue

B HacTosime Bpeme Hal-go00pa
OopraHm3anus Ha aBTOMAaTU3UPAHOTO
MPOEKTHPAHE C€ MOCTUTA MPU U3TOI3BAHETO
Ha CUCTEMHU 32 aBTOMAaTU3UPAHO
npoektupane (CAIIP niu CAD/CAM/CAE
cuctemu). B TaX MaremMaTuyeckuTe METOIU U
KOMITFOThpPHATa TEXHUKA CITy»KaT KaTo OCHOBA
3a cUcTeMaTu3alus Ha mpolieca
,IIPOCKTUpaHe Ha oO0Ia METOJOJOTUYHA,
uH(}OpMaIMOHHA ¥ TEXHHYECKa OCHOBA.

bescnopno Haii-nob6para dopma Ha
OpraHmW3anus Ha aBTOMAaTU3UPAHOTO
MPOEKTHpaHe € ch3naBane Ha 3D moxenu wu
BU3yalu3alus Ha NMOBEJEHUETO Ha
XapaKTepHU EJIEMEHTH OT CpeacTBara 3a
WHJIMBHUJlyalHa 3alldTa ca CHUCTEMHUTE 3a
AaBTOMAaTU3UPAHO MPOEKTUPAHE U
npousBoacTBO, Hapuuanu CAD/CAM/CAE
(Computer Aided Dising/ Computer Aided
Manufacturing/ Computer Aided
Engineering)— ¢wur. 1.

Design
 Specificalion

CNC - computer (or computerized) numerical
control CMM - Coordinate Measuring Machines

Que. 1. Bpv3ku medxncoy mooyiuyme Ha

cucmemunme 3a aemomamusupaH ouzain u
UHJICEHEPUHS
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2. Knacudukanus Ha MoeJInTe, KpaeH
npoaykt Ha CAD npuaoxeHusita 3a

MAIIHHOCTPOUTEICH HHKEHePHUHT .
TBi Karo B MOMEHTa Ha IPOEKTUPAHETO

00EKTHT pealHO HE CHIIECTBYBA, €
HeoOX0IMMO 1a ce paboTh ¢ HEroB MOJEN
(envH WAWM HAKOJNKO). Moaenute ca
OCHOBHOTO CPEJCTBO 3a CHHTE3UpaHE U
OIlCHsABAaHE Ha MPOEKTHUPAHUA OOEKT IO
pas3nu4Hu Kputepuu. Te ce u3mons3BaT KakTo
3a KOMYHHKAIUs MEXIy yYaCTHUILIUTE B
npolieca, Taka M 3a Bpb3Ka C yYaCTHUIIUTE B
MPOU3BOJACTBOTO, peailu3anmusaTa u
eKCIUTOaTaIusATa Ha TPOAYKTa. 3a IEIUTe Ha
aBTOMAaTH3MPAHOTO MPOEKTHUpPAHE Ce
M3II0JI3BaT MAaTeMaTUYSCKU MOJICIU, BHIBT
Ha KOUTO 3aBHUCH OT CBOMcTBara Ha
MPOCKTUpaHUs OOEKT, KOUTO TpsiOBa Ja ce
MOJIeIUpaT M OT MPOCKTHUTE 3aJa4u, KOUTO

CcJie/iBa J1a Ce pelliaBar.
Cnopen xapakTtepa Ha MOJACIUPAHUTE

CBOHMCTBA MaTeMaTHYECKUTE MOJCIU Ce
JeAT Ha CTPYKTYPHU U (YHKIMOHAIHHU.
CTpyKTYypHUTE MOJEIH C€ H3I0JI3BAT IMpHU
ONHMCAaHWE Ha CTPYKTypara W ¢opmara Ha
NPOEKTUPAHUTE OOCKTH M OT CBOSI CTPaHa ce
noapa3neNnsaT Ha TONOJOTHYHHU U
reoMmeTpuyuHu (Dwur. 2).

i" Mopenw, nonyueny B pesynrat va '\
\ SBTOMATMIMPAHOTO NpoekTupare

e
- e
e e
-

o -

= —
& =\  f =
|\ CTRYKTYpHM MOAEAN r{_) ) { DYHKUMOHANHH MOAEAM F:[Z )
TononoriHm AHANHTHIHK
mopens mogenu
TeoMeTpHuHIM ANTOPHTMUUHI
mopens monenu

Que.2. Budose moldenu, cnoped xapaxkmepa Hd
Modenupanume c80lUcmea

Upe3 TOMOJOTMYHU MOJEIU CE€ OMHUCBa
CTpyKTypaTa Ha 00EKTHUTE, T.€. CbBKYITHOCTTA
OT €JIEMEHTH, U3Tpaxaamu oOeKTa H
BpPB3KUTE MEXYy TAX. Kato MareMaTrnyecku
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amapar 3a TSIXHOTO ChCTaBsiHE C€ M3IOJ3BaT
rpadu, MaTpuLd, TAOJINIH, CIIUCHIIN U JIP.

['eomeTpuyHHTE MOJAEIAH CHABPKAT
uHpopMaus 3a reomerpuyHara ¢opma u
pa3MepuTe Ha MPOEKTHPAHHUTE OO0EKTHU
(meTalinmu U Pa3mOJIOKEHUETO UM B
crio0eHara eauHuIa). MaremMaTH4ecKUsT
amapar 3a ChCTaBsIHE HAa T'€OMETPUYHU
MOJIeNIM BKJIIOYBA: YpaBHEHHs Ha JIMHUU U
NOBBPXHUHH, I'padu, MATPUIM, COUCHLUU U
ap..

Upe3 GyHKIHMOHAIHU MOJENH Ce€
MonenupaTrT uU3IMUYECKUTE H
MH(POPMAIIMOHHUTE MPOLECH, MPOTUYAILIHU B
00eKTHUTE MpPHU TAXHOTO HU3pabOTBaHE U
¢ynkunonupane. Cropes HauMHAa, IO KONTO
ce MpelacTaBsT cBolicTBaTa Ha 0OeKkTa,
(GyHKIMOHAIHUTE MOJEIU ce€ JeNIsT Ha
aHAJIMTUYHU U aJITOPUTMHUYHHU.

AHAIIMTHYHUTE MOJIENN CBHABPXKAT SIBHU

MaTeMaTU4YECKH 3aBUCHUMOCTHU, W3pa3siBaIlH
MOKA3aTeJINTE 32 KaueCTBO Ha OOEKTa Karo
(GYHKIIMY HA MTapaMeTpUTe HA EJIEMEHTUTE OT
o0eKTa U cpefiara, B KOsITO TOM (QyHKIIMOHUPA
(ypaBHEHUS, HEPABEHCTBA WM CHUCTEMHU OT
Tsx). [lpu anropuTMUYHUTE MOJETU TE3U
3aBUCUMOCTHU C€ JlaBaT BBHB BUJ Ha

AJITOPUTMH.
Kato ocHoBa IIpu aBTOMATHU3HUPAHOTO

KOHCTPYKTHBHO TPOCKTHPAHE CE W3IOJI3BAT
reomeTpuuHuTe Moxaenu. CTpykrypara Ha
MPOEKTUPAHUTE OO0EKTU (KOMIIOHEHTH) CE
CHHTE3Mpa Ha TsIXHA 0a3a U B 3aBUCHMOCT OT
cnenudukara Ha oOEKTa ce ch3maBaT
pasnuYHN (QYHKIIMOHATHU MOJEIH, KOUTO
Morar Ja ObJaT KHHEMaTUYHH, JUHAMUYHH,
SKOCTHH, e(pOpMaIrmoHH!, TOTUTMHHH U JIp.
C TaXHa MOMOII C€ OMEHSABAT
paboTOCTIOCOOHOCTTAa M TIOKa3aTelIuTe 3a
KaueCcTBOTO Ha MPOEKTUpaHUs O0eKT. Bb3
OCHOBa Ha TEOMETPHYHHTE MOJECIU Ce
reHepHpa KOHCTPYKTOPCKA TOKYMEHTAIHS U
nHpopManus 3a MPOU3BOJNCTBOTO U
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M3NUTBAaHETO HAa MPOJAYKTa
(u3nenueto). JIuruTarHoTO MPOTOTUIIUPAHE C
CAD cucremMuTe Ha KOHKPETEH €JIEMEHT OT
CHUB3 nmaBa BB3MOXKHOCT 3a Cbhb3JaBaHE U
U3CclieIBaHe Ha II5UT €IUH POAYKT MPEIH TOU
uzobmo nga e mpousBeneH (dur. 3).
ITocpencTBoM cHCTEMUTE 33 KOMIIOTBPHO
MoJIIOMaraHe Ha au3aiiHa, MoTpeOuTenuTe
JIECHO MOTAT Ji1a OCH3HAAT MPETUMCTBATA OT
JTUTUTAJTHOTO MPOTOTHUIHUPAHE, KATO
uHrerpupar 2D ueprexu u 3D naHHu B
ennHeH nudpoB moxaen. To3m momen
MPE/ICTaBIsIBA BUPTyaJIHA PETIPE3CHTAIIMS Ha
KpalHUs MPOIYKT U MOMara Ha MH>KEHEPHUTE
3a Mo-7100po0 U Mo-ePpEeKTUBHO
npoekTupane.Taka 3HAYUTENHO Ce€
HaMaJIsiBaT Pa3XOAMTE 3a Pa3BOM U BPEMETO
3a peann3upaHe Ha HOBH MPOTYKTH.

Que.3. 3D moodenu Ha boiina Kacka u Opoxenioda
(SolidWorks)

O0eKTHO MapaMeTPHUYHO TBHPAOTETHO
(Solid) monesnpane Ha KOMIIOHEHTH Ha
CUB3

[Ipy mapamMeTpUyHOTO MPOEKTUPAHE Ha
koMrioHeHTH Ha C1B3 ueprexuTe Ha BCHUKH
BapHaHTH Ca C €AHA WU ChIIA TOMOJIOTHS.
[IpomennuBu ca camo mapameTpuTe, KOUTO
ompenenaT pasmepure. Pemenuero, T.e.
QJTOPUTHBMBT HAa KOHCTPYKLIHATA, €
IpeABapUTEIIHO M3BECTEH M MOXE Ja ce
3amuile B KOMIIIOTbPHA ITporpama.

[TapameTpryHOTO MOJEIMPAaHE HA TBBPIU
tena (obemuo unu 3D moaenupane) B
CAD/CAM/CAE cucremute mnpeaiara
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BBb3MOXHOCTH 3a KOHCTpYMpaHe Ha
POTALMOHHU U KOPITYCHU JI€TAlIIN, CBbP3aHU
C TeXHOJIOTUATA Ha u3paborBaHe. Hsakou ot

MO-CHIECTBEHUTE (PYHKIIMOHATTHOCTH Ca:

* ch37aBaHe Ha 0a30BU Tena (OJIOKOBE,
NUIUHIpU, oOxBamamu OJIOKOBE,
00X BaIIAIH HUIHHIPH, KOHYCH, ChepH);

* eKcTpyaupanu GopMu ¢ win 0e3 HaKJIOH
¢ 0a3a — KOHTYp WM TIOBbPXHUHA;

* poTainoOHHU POpMHU ¢ 0a3a — KOHTYP WUIH
MOBbPXHHHA,

* Tpb0a OT IPOU3BOIHO CEUCHHE;

* reoMeTpuuHu (POPMH, MOCTPOEHU OT
ypaBHEHHE.

[TocTposiBaHETO W MaHUITYJIMPAHETO Ha
MOJICJIUTE TPU OOEKTHOTO IMapaMeTPUYHO
monenupane npu CAD/CAM cucremure e
NpoueaypHO, Ype3 M3MOJ3BaHETO Ha
orpeziesieH MHCTPYMEHTApUYM 3a Ch3/laBaHe
Ha CTPYKTYpPHHU JIU3aWHHU OT TOTOBH
napamMeTpUyHU KOMIIOHEHTH 32 MHOTOKpaTHa
ynorpeba. Cucremure 3a 00EKTHO
napaMeTpUYHO MOJIEIUPAHE OCUTYpSBAT
€IMHHA EJIEKTPOHHA Cpefla 3a MOJIEJIUpaHe,
aHallu3, ONTHUMU3UPAHE, JTOKYMEHTHpaHE,
MPOU3BOJCTBO U TecTBaHe. [lo To3u Ha4yMH
Pa3BOSIT HAa IPOAYKTA € UHTETPUPAHA YacCT OT
Hejauss My KH3HEH LHUKBJI, ThHU KaTo
unrerpupanure CAD/CAM/CAE cucremu
MpUTekaBar cpenactsa 3a: 3D moxpenupane,
paboTa chC CIOKHU TOBbPXHUHHU, Ch3/1aBaHE
U Uu3Cclie[iBaHe Ha criio0eHu eauHuiy, 2D
yepTaHe M M3TrOTBSIHE HA TEXHUYECKa
JOKYMEHTalUs, IIUPOK HA0Op OT MHKEHEPHU
aHanu3u, reaepupane Ha LIITY nporpamu. Te
Mo3BOJABAT MapajeinHa pabora Ha
cunenquanucta no CAD/CAM cucremu
OTHOCHO NPOEKTUPaHE Ha CTPYKTypHHU
JU3ailHU IO KOHBEHIIMOHAJIEH HAYMH WIH
ype3 npeaeduUHUpPaHU HMapaMEeTPUUYHHU
KOMITOHEHTH, KaKTO B JIOKAJTHU MPEXKH, TaKa

nupes HTepHer.
Unesara, 3anoxeHa B 0O0OEKTHOTO

napaMmeTpuuHo moxaenupane (dur.d) npu

TEXTILE AND GARMENT MAGAZINE

CAD/CAM cucremure, € chb3aaBaHeTo Ha 3D
CAD Mopnena ga ce karajorusupa B
reomerpuuna 6aza manau GDB (Geometric
DATABASE), xoT0 upe3 Bb3MOXXHOCTHUTE
Ha napameTpuuHotro Mozenupane Ha CAD
cpezara Jia cTaHe MoTpeOuTeNcKa, 3a JaileHU
IIPOU3BOJCTBEHU YCI0BHs. Upes BrpasieHusT
nporpameH uHctpymeHtapuym PT (Program
tools) ce koHdurypupar rama geraiiu,
CXOZIHA W THUMOpa3MEpHU MO MPHUHILHMIA Ha
THUIIOBUTE U TPYNOBUTE TEXHOJOTUYHU
IIPOLIECH.

// HIEA /

CAD MOJIEJ

[MTapaneTpHIHO
MOJETHpaHE

GDB
Geometric DATABASE

[Tporpauen
HHCTPYMEHTAPHYM

Kzm CAM
MOV A

Que.4. Cvzoasane na CAD moden, nampyneane na
ceomempudna Oasza OAHHU NpuUioOdCeHue Ha
napamempuuyHomo Mooelupane upes
UHCMpYMeHmapuyma

BupryaJsien un:kenepen anajaus (CAE)
HemnpectanHoTo *kellaHue 3a pa3BUTHE Ha

apMHUTE TI0 CBETa Kapa CIEIUaIuCTH B
JaJIeHd OOJIacTH Ja M3BBHPIIBAT €XKETHEBHU
EKCIIEPUMEHTH U HW3CJIeJIBAT MHTEPECHU 3a
TSAX MPOMEHJIUBU C 11€7T ONTUMHU3UPAHETO UM.
3a W3BBPIIBAaHE Ha MOAOOHU MPOLEAYPHU ca
MO3HATH JIBE€ BH3MOXKHOCTH 3a HalpaBara Ha

u3cneABaHus — QU3NYECKU U BUPTYaTHH.
[Ipu duszuueckuTe u3cieqBaHUA €

HEO0OXOIMMO Ja ce U3MOd3BaT h Ha Opoii
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GYyHKUOUUOHAaIHU MOJENIHU HaA
CBIIECTBYBAIIOTO WJIM OBJCHIO H3JEIHE,
nopaau HeoOXOIMMOCTTa OT ChOMpaHe Ha
JoCTaTb4eH Opol JaHHHW 3a M3TOTBSIHE HA
BAJIMAHU 3akipdeHus. ChII0 Taka ce
HaOmonaBa eekra Ha ,uepHaTa KyTHs™,
KOHUTO Ce€ XapaKTepu3upa C TOBa 4Y€ MpPH
W3BBPIIBAHE HA EKCIIEPUMEHTUTE UMa TOJISIM
Opoil MPOMEHIIMBH, KOUTO MOTAT J1a TOBIIUSISAT
Ha pe3yNATaTUTE U Ja 3aTPYAHSIT 3HAYUTEITHO
pa3bupaHeTO Ha KpalHUS pe3yiTar
(HeoOXOMUMOCT OT TEXHUYECKH CPEJCTBA,
TEXHOJOTUYHU CHUCTEMHU 3a MPOMsSHA Ha
Te€OMETPH U MaCOBU XapaKTEPUCTUKU, MSICTO
3a U3CIIEABAHETO U T.H.).

Ot napyra cTpaHa, NpU BUPTYaJTHUTE
aHanu3u, ocbmecTBsiBaHu upe3 CAE
(Computer Aided Engineering) mpoaykTu
(®dur.5), ngaBar MOYTH HEOTPAHUYCHH
BB3MOXXKHOCTH 3a M3CIIeIBAaHUS Ha JaJIeH
00EKT U CHUMYJIHMPAHETO B KEJIAHUTE CPEIH.
Te3u Bb3MOKHOCTH 32 pa3riiexkAaHe Ha TOJISIM
Opoii mokasarenu o0yciaBsaT eekra Ha "0s1a
KyTHA, KOUTO C€ cpella MMEHHO IpHU
BUPTYaJIHUTE U3cheaBanus. Jpyr mitoc npu
TE€3W aHAJM3U € OTMEHSHETO Ha
HE0OXOIMMOCTTa OT (PU3UYECKU MPOTOTHUITH
Ha u3cjieaBaHuUs 00EKT, KaKTO H
BHb3MOXHOCTTa OT HEMOCpEACTBEHA
ONTUMM3AIMUS B MOJEIUTE MpPU aHAIU3 Ha
MPEIXOHUTE PE3yNITaTu. 3a U3rpaxkaaHe Ha
nofo0eH THUM H3CJIeBAHUSI ca HEOOXOAUMHU
J00pU HU3YUCIMUTEIHU MOIHOCTU H
eKcrepTr3a B o0lacTTa Mo Ch3/AaBAHETO Ha
MaTeMaTUYEeCKUsI MOJENI M MPaBUIHOTO

pasdruTaHC Ha U3BCACHUTC PC3YJITATH.
Enno or HallpaBJICHUATA, B KOCTO HMa

MHOTOOPOIHH N3CTIeIBAHUS H Bh3MOXHOCTTA
OT Cbh3JaBaHE Ha MOJEIW 3a BUPTYaJTHO
U3CJeBaHe, TOBAa € MPOU3BOACTBOTO Ha
komrnoHeHTH 3a CUB3 (OanucTuunu naHemn
U BJIOXKH 32 OpOHEXHWICTKHU, OATUCTUIHH
IIUTOBE, OOMHU KaCKH U JIp.).
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KakTo cTaBa siCHO, CbBPEMEHHHUTE
aBTOMATHU3UPAHU CHUCTEMHU 32 IPOCKTUPaHE
JIaBaT Bb3MOXXHOCT B MHOT'O PaHEH CTaJ Ui OT
MIPOEKTUPAHETO, Ja C€ MPEIBUAN KaKBO I
ObJie MOBEJACHUETO HAa KpalHUS MPOAYKT, B
cnyuyass CUB3, cphumo Taka cnopen
OYaKBaHUTE KpalHU pe3yiTaTH, aa Obaar
noaOupaHu BUJAOBE MaTEepHUad, C IIe]
OKOHYATEJHO YyJAOBJIETBOpPSABAaHE Ha
M3UCKBaHUATAa. Bcuuko ToBa ce W3BBpIIBA
BbB BUpPTyajHa Cpela C MUHUMAJIEH Pa3XoJ
Ha pEeCYpCH U TPY/, C LIMPOKO U3II0JI3BaHE Ha
BB3MOKHOCTUTE 3a KOJIGKTHMBHA paboTa Ha
ABTOMAaTU3UPAHUTE HUHXKECHEPHHU
MPUJIOKEHUS, KaTo 110 TO3W HAUYUH CE ITOCTUTa
IIbJIHA ONTHUMM3AlLMS Ha IapaMeTpPUTE Ha
KpallHOTO H3/eJue, KAaKTO M 3HAYUTEIHO
HaMaJlsIBaHe CeOeCTOMHOCTTa MY.

¥
L4

Xmoment (£43)

| |
o 00z 004 000 o0n 01 o1z B

Effective Stress (v-m}
1.6038403

' moo«s:l
12830403 |
11220403
8.6200402
a.0178402
6.413ev02
48100402 _
32078402

' so:-wz]
1220800

Que.5. Bveeocoane Ha 6X00HU OaHHU U
2eHepupaue Ha pe3yimamu npu GUPmMydaieH
unacenepune (CAE), co¢pmyepen naxem 3a
MyrmuuauyHa cumyniayus ¢ ooujo npeoHasHavenue
LS-DYNA
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U3BOJIU

CucremuTre 3a aBTOMaTU3UPAHO
MPOCKTHPAHE 3aeMaT U3KIIOYUTEITHO MSCTO
Cpell KOMITIOTHPHUTE MPUIIOKESHHSI, Thid KaTO
T€ ca WHIYCTPUATHU TEXHOJIOTUH, BIUSCIIH
HETMOCPEJACTBEHO HAa MAaTEPHUAIHOTO
MIPOU3BOJICTBO UYPE3 IUIOCTHO PEIICHUE 3a
MAaIMIMHOCTPOUTETIECH HHKXEHEPHUHT,
CHa0/I1BaII0 BCEKU MHXEHEPEH EKUII C ITbJICH
KOMIUIEKT cpenctBa 3a 3D mpoexTtupane,
u3clieIBaHe, yMpaBlieHUE Ha JIaHHUTE H
KOMYHUKalus. B Ta3u Bpb3ka ChbBpEeMEHHUTE
CAD/CAM/CAE cucremu Orxa MOIVIH Ja ce
M3MO0J3BAaT YCHNENHO 3a TPUMEPHO
MOJIeJIUpaHe Ha OTJACITHUTE C€JIEMEHTH Ha
CpelcTBaTa 3a WHAMBHUAyalTHa OaTuCTHUYHA
3alnTa, OT KOWTO CE€ W3TOTBS rpaduyHaTa
9JacT Ha KOHCTPYKTOpPCKaTa JTIOKYMEHTAIHUS —
YEePTEIKUTE, MHKCHEPHUTE H3YUCICHUS U
aHaJu3M, ObP30TO M3TOTBSHE HA MPOTOTHII,
TEXHOJOTMYHATaA MOJATOTOBKA Ha
NPOU3BOACTBOTO, M3TOTBSHE Ha
yOpaBisBalld MPOTpaMu 3a MAaIIUHU C
nuppoBO mporpamMHO ympaBlieHHE 3a
n3paboTBaHEe HA Pa3JUYHHU IO CIOXKHOCT
W3CIUs, BIM3aId B KOMIUIEKTa, KAKTO M 3a
ISUIOCTHO YMpaBlIeHWE Ha TMPOCKTHUTE M
WH)KEHEPHUTE JaHHHU.

baarogpapunocr: Hanmonanna HayuyHa
nporpama — CHUTypHOCT UM oTOpaHa ce
¢buHaHCUpa OT MHHHUCTEPCTBOTO Ha
oOpa3zoBaHuMeTO M HaykaTa Ha PemyOnumka
bobarapust B uznbiHenue Ha Harmonanuara
CTpaTerusi 3a pa3BUTHE Ha HAYYHHUTE
n3cnenBanust 2017-2030 . u e mpueta ¢
Pemienne na Munucrepckus cbBeT Ne 731 ot
21 oktomBpu 2021 1.
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