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(VXQKRQRIDUP SUHVHQWDMEMUVIVIR9$&—+1 —19(67-*$&—&L(177)-&$
7(&12/+*-&XQFRPSHQGXR HIOGIBIYHQFL B U DGHYKHVWRIRS URPER@® O YDQFH
GHO FRQRFLPLHQWR \ OD H[SORUDFLUQ GH QXHYDV IURQWHUDV HQ OD FL

7HQJIRXEHFLHQ@RHVVBODY H U VIHFD® O UDED U L (YRR E HGRQ Y H LOIBAGI Q W H V
PEVEULOO BRWHVU W HHRMERL H GFHMOAK E U L P\LSIDWWRS\H FIVKIMYMX/P LQ RRD P LQ R V
KD F XII X WXRMRVS URPHWHBIR@QR Y D B L HGL@®J X GBHO X HV WILNDL HG X WD ¥R E U D
YLGD HQ HVWDV SEJLQDV D WUDY«V GH LQYHVWLJDFLRQHV \ SUR\HFWRV

(VWD YHVWLJMRARGPHWHEQ DU UDWR BV IBWINP RO XHVW.GHBXHGRRPELDU
HOXE@R HVGHDERUDWRVUWBWUFDRBRVHUY FRIRY DQ QR Y D\FHEIR® YIMHHX Q D
IXHU]D WDQJLEOH TXH LPSXOVD HO SURJUHVR \ UHGHILQH ORV SDUDGLJF

/RLUPLWRGHQW HHMDDARIX QG LG HBRIYR F L P LEIRQWEX H V WALRFEW R PIDV VW UR V
DSRUWB@F LR @DREHVDIPEVDSUMP QVBHHY X HV WU R P &R GDU W “EXHIR VORSR
H[SHUWRY UHSUHVHQWD XQ SLODU HQ OD FRQVWUXFFLuQ GHO HGLILFLR

([SORUHPRRRODMFQRORBMFRQY L HOWGFDWDOL$DGRE L HQH VWO H F WALWGRH
SUR\HFWRNDOBDWWQLFLDWIREDD/GHVWDFEQEGBD F8$WRVLWXYBRGHRAORJUDU
FXDQGR OD WHFQRORJ D VH SRQH DO VHUYLFLR GH OD VRFLHGDG

~1129$8&—-+0-19(67-*$&-&%(177)-&F(&12/+*—& RN RHW R ORQ [3 X E O L F DHF\X@®
WHVWLRRQKRVWHOLFDFROG FIMLEDV TX FRD VW B EMBH F H O HRFX® L F\DO D
FUHDFLUQ GH XQ LPSDFWR SRVLWLYR HQ HO PXQGR TXH QRV URGHD
(OHQ IR TXGHQ X HV WHI'DL W\BMmL U L L B\RW X G L QW HW RQHH VW L JIDSRRIMVR QD O H V

DVRFLDEIDBWY VD RWGROOR\HFRLRVFRWIL Q QR Y D FIWRHFIP\R O (MILIFQG@RL Q D O H®D G
LPSDFWR DFDG«PLFR VRFLDO \ DPELHQWDO
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8$1/ )&)0
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‘U 9"FWRU -HV¥V *DOOHJRV 6£QRKIH] )&)0
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CINTILILOG TLIEGAT.

~1129$&—+1-19(67-*$&-&4(177)-&B(&12/+*~&WROXPHIYPHURQHUR HV
XQDSXEOLFDVFHREVWEDLW BSRDODBQLYHUVEBPGROIUWBm®MDULD QRFREHGR
/LEUDPLHRWRV.®H &UGLBRVWDO &GDGUDQOVFREHGR 7HO

KWWSV ZZZ XWHUHGKVRY D #XW H GLGMRRIY SRQMVIDE QB 6 5DIDBCR &D]DUHV
5HVHUWYHDHUHFKR8V R[FOXVLR R -661 RWRUJDGRYV
SRU HO —-QVWLWXWR 1DFLRQDO GHO 'HUHFKR GH $XWRU )HFKD GH OD %0

/DVRSLQHRHISUHK\DDB R O RYXWRQRYHF H VDU L OAH Q WHMDRV W S BIB G L VGRIO D
SXEOLF BAHDXW R OD]®S U R G X\W RMISDU FG& BXRRR QW H ULER YH QGHI B XEOLFDFLPQ
SDUIDR Q KB\L G £ F WLRORF U D WL WRB\URHX D Q 8 FF L VOIDX H Q WRIP S O WDV S D URW U R V
ILQHV UHTXLHUH SUHYLD DXWRUL]DFLUQ GH OD 8QLYHUVLGDG 7THFQROWJL

/ILFLWXG GH 7" WXOR \ FRQWHQLGR HQ WUEPLWH

DI CIRITALL

&RPRHGLWRSHOM HY LVIMR 9$& -+ —19(67-*$&—8%(17")-&F (&12/+*—&$QRV
FRPSOBBHVHQWDNHOHS/URPB Y PHUWRKHFHQWRWDOLMSRUWWHWYMWLIDGRUHV
UHFRQRRHOBY LY H U VIHFI®R O ¢t UIDFED U L DR R E HG/RV BV W FXIORYL HEZHI @ V
FXHUSREG«PLFRNQXHVWQRYHUVSGBGH Q WIDGFMWDXHVVBURP IRFRORTEHR
~QQRYDFLUQ H —~QYHVWLJIDFLUQ &LHQW ILFD \ 7THFQROMJLFD

/HWH[WHQ G HERIR UG LRE LW DBIGIHQ W WHIH @IS D V L R QFOXI/GIR HER Q RE H Q WIR
IURQWIHKHDRV R O/RR @ H O H'Y DA M® R F B IOQTRX HW D P E IMIQH QXHOQP SD FWLR QLILFDWL YR
SDUIDGIVWDGHR XHYRHUQ HQLOWLPYWDOBUB® XQGBJIUDGHFHA®R QW HU «V
HVSHUDPRHELV | UXGWHWDY F L Q @MW UD B4YDQ QR Y DIFRRQY HV W LRDHFQ WY1 L F D

\ WHFQROMJLFD GH QXHVWUD LQVWLWXFLUQ

Universidad Tecnologica
Gral.Mariano Escobedo




ST CIRTA DI ILA: CNIVIESTDAT
ITCNCLOGICA GEATL MARIANE

(SCRLEHDE

/D8QYHUVEBPGRO pt WIDAID U L D(@R E H GRD FHHB HSW LHBEUH FRPRIHV S X DV WD
ODHPDQGBV «FQVERSHULRQHWH UV LS\RDSDLURG/HD DVQ G X VWHER BV HGBWH J L pQ
GHRGDAVYFREHGRQALFRGHYRD UD\ HQRUGHE X HY/RIpQ D87 (HWKQDRQVWLWXFLUQ
GHHGXFDFYMOHUERQQPRGHGIREXFDVW QR Y DR IUHPHORMJUBIG R H
EDFKLOQ®RHT & IWRD XIQ@RUHP D FG HQD O LGH[GEHOHEB VD@ B UH S D U DVRdR@L F D
WHFQROWJLFD SULQFLSDOPHQWH

(REMHWDYHRE X ORH UHDGBQ LY HUVH\E GG R U P DMk F Q VAFS\H U LRUHY Y LWDULRV
DSWBNUDDSOLFDFLRN®RO X FAY@DWHSDREOHPR® QVHQWGE BIR) QRY D QAR
LQFRUSRGHMFRWYDQF HVHQW VIWFHEY R O |GIH ¥ R Y UFROMDXDRISRIR \ H FFQR BEWU H D V
GHVXFRPSHWHQFWRP R YHEXOWKQDQVWDEGR GLD QWY HVWLDSPILFDIED
LQWHUFDPELR DFDG«PLFR FRQ RWUDV LQVWLWXFLRQHYV HGXFDWLYDV QD

$ SDUH/HSWLHBHUH VH PSDUWQU U VY $0-QJHQLIFBTAL G HDPSOLDU

V XFREUW XD W H Q LUXSER VHQ FDID L SDGAR GIOBEWH®B®D\RUHQDELOLGDG
VRFLHD® SHIFODYHFHVLGIHEB VD8 QLY H UV LGHF®HR\O pE UERERQ® H V S X DV W D
ODDNVISU D F L B J U H V DEHRYF Q LERFS H US@IUY H U V LAB BTUXLHR X H V W QWY HELRAY
FRQWLQXDU VXV HVWXGLRV GH LQJHQLHU™D OLFHQFLDWXUD
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[ARLA DI CONTTNIDC

6LVWHPD GH &RQWURO GH 7UHV %ORTXHV SDUD $Q£OLVLV GH $XGLR 'LJLV

IHVWRU $QWRQLR )ORUHV ODUW QH] 5LFDUGR &KDSD *DUF D 9DOHQW Q |
9HUEVWHIXL 'RPQJXH]

(OLPLQDFLUQ GH FRQWDPLQDQWHY DO LQWHULRU GH ODV HGLILFDFLRQH)
0DJDO\ <DMDLUD 1DYD 1%3H] $]DHO ODUW QH] GH OD &UX]

OETXLQD 3URWRWLSR SDUD 3URGXFFLuUQ GH )LODPHQWR FRQ &RQWURO $X
7THPSHUDWXUD \ 9HORFLGDG

&DUORV (GXDUGR %DXWLVWD *XWL«UUH] +HUQE£Q &DUGRQD 5RGU JXH] 5
9DOHQW Q *X]P£Q 5DPRV

'"HVDUUR®WRBURWRWLSR FRQ %UD]JR 5SREPWWLFR $XWRPDWL]DGR SDUD OD R
3HO FXODV 'HOJDGDV 6HPLFRQGXFWRUDV

5LYRWRRSDIDHDPERDRU UHW VREROX @HID(VWHIDRQUFFDU]D
-XOLVAMLBRG D UKMHSBD | DADFO HQWHQODUW QIH) D U R @ DBXH QW H
-XDQ -RV« 9HUEVWHJIXL 'RPQJXH] /X] +\SDWLD

TULWXUDFLpQ &ULRJ«QLFD 'H 1HXPEWLFRV 8VDGRV 3RU &ULR )UDFWXUD
6DOGD3D $FRVWD -RUJH OLJXHO

-QWHUIDFH 'H $QRGR 6RSRUWDGR (OHFWUROLWR 1L2 *'& 3DUD $SOLFDFL
&RPEXVWLEOH 62)&

6LQXKH &RVWLOOD $JXLODU 5HQ« )DELEQ &LHQIXHJRV 3HODHV
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6LVWHPD GH &RQWURO GH 7UHV %ORTXHV SDUD $Q£O0L
7LHPSR 5HDO

1HVWRU $QWRQLR )ORUHV 0DUW QH]
MDQDGLRVHV#KRWPDLO FRP
5LFDUGR &KDSD *DUF D
JDUFLD#XWH HGX P[
9DOHQW Q *X]PEQ 5DPRV
YIX]PDQ#XWH HGX P[
/X] +\SDWLD 9HUEVWHJIXL 'RP QJXH]
OK\SDWLD#XWH HGX P[

8QLYHUVLGDG 7THFQROMJLFD *UDO ODULDQR (VFREHGR
)DFXOWDG GH &LHQFLDV )"VLFR ODWHPEWLFDV
8QLYHUVLGDG $XWHQRPD GH 1XHYR /HpQ

5HVXPHQ $EVWUDFW

'"HVG KK QDSHUVSHRWIWDG VWWEBIQ )URMBVW D W LSHWVFDHIW HEJHPIX O W HS
P Y% O W LSIOR/S RV L E@HKOS X O DR % VW LFRBRVV LEDHXHY QD FR X VOXIOFVWHIDUGOHVV
VLQPBRUWDLXHQVB® UHJLVBMHIRGLR RIWKWRXUS$ 6 L JLEWOGURI F RAIRQ W DL Q V
GLJLWDOWQXQFRQMX@MHOHPHQARY VHWRI HUURLOHPHQWRWP HF D Q Q FEW
HUURWIXQRRVYHSXHGHQ@LPLRORRIO HOLPLQDXARGHOHFWQRQYWKRRWLQJ
UXLGIRHFWLER S LYV SDRVURRQRRYG DQ®WKHUQRZQVEDFNJURXRIGIHUVW
FRPRXLGRIRQGRULPHAMRELBRXHODYV EHFDXVHNPRVSK IFRIQRS L W DRIGIQ R W
FRQGLFLRQMRV I« QIRVBRE R Q VW DHQQWV H W R Q V WIDQWD/QVW HP § G HF D XRIHB R
ORWLVWHROHWMDOHVSRUTXEBDWLFUR YDULDWLR®XHSLVWULERWIRQWLFOHV
YDULDFLRQEBGLVWULEGRBDPUVWIDIX JHQHUGIMHHUSHMQONBTWKRXIKLODULWLH
JHQHU®XOVEBVIHUH@WRYXRQVHUYHSQUHVHUYEHW ZHHQKHP 7TKURXJWKH
VLPLOLWXBMHEOORWGLDQWMODQEVLY SDUDPHIVURBRILBYLHU 6 WRNHWLRQV
SDUDP«VEWHFRDFLEOUDWLHU 6 AWRMNHVZLWE VWRFKDYWRFHSMUVSHFWQY H
XQDSHUVSHF®HYSWRFHVIRVWRFEVWLARXDWILRGHYHOR®KGI QH U DWHHI V
GHVDUWXRDHAXDEIXHHQHHBRODSVRFRO O RSWWMD W LVMDLEGW R L Q MDD
GHVWDBRWDG WWNFRR VB :D@XQ -QD WKUHH EFRFW VROW HW H V WLH)G
VLVW IGPBR QWIMXRHO/WRIXHEBLPKQN 6LPXOLIOMDVIRRGWKDRQHRI WKHP
GHWUHORTXWHNH QFRQTXH QR HHOORV JHQ H U DMHHG/E DANVIKQH U U R O H P HIQRV
JHQHNQNHWURDOLPAR®OAPHB®WR FOHDQ WKH VLJQDO
HUURU SDUD OLPSLDU OD VH3DO

.H\ZR U GR/Q W VU ROV HDFF R X \S/X IORDHRAH
3DODEWFOBYWLVWHBE FRQWUROVR SURFHVVDQPDMQ&\EULGOW B UL
DF%VWSBRFHVDWPRGHID XLGIROWGRY DXGLR E
.DOPDQ H KTEULRGRV DXGLR GLJLWDO
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~1752'8&8&-+1 /D GHQVLGB® L UKD UBD G DQ VW D) W H
G H S H QGHO 5 L V SIHAGYHO DR/R O « F XHD® V

(QXQDQEOISDUIM P « WAHHFRXDFLRAHYV HVHQVWDQMHHIBX®DQHWIYLVFRVLGDG
1DYLHU 6WRAGIBHUVSHBWLRFMVR SRHOOROX QF L RHIH Q G LE BMBLHMW SR
HV W R F £ VWIHGHRAD U URXID BX D F THY SDUWLBQG® HP S H U EW XEOY HV RP
JHQHUOFROD SSVWRIVWDERWDG MWQLFRARPR & OP D\RUGHORNOH P H QGHR V
X Q¥R O/MH 2 D/IR WY WHPDFY:VWWERQHQHVVAE XD FYPQ ORHWLHP BB JX GRV
XQDWURDOLPHB@Q\LHRERDW UMY« IRUPQROLQHRW URNP DQH BDF OERPR
GHLQW HILFOFHPH FEQ L FIRVQH OVLVVDHP HO FDPSR PDJQ«WLFR GHO OE£VHU SXO!
FLUFXQ G DOMWWW HPHF R Q W S RIDV W R

SUXHBRELPXOHW\HW UBH® R T XGINQHG

X QR HH O ORI HYOD HWURDOLPHRW D KL BPWRBHFRQGDAMRQLFLDESXEH
HOHPHGMIRUUBDUOLPSOH D  HOLPLQEHODIXQFLU®H WUDQVIHUHQFLD

HOWUGBDHJILVAWDR G HR/ WRPSxwp FRQVLGHUDQGROQOXJDAHWHQNQD
SRMQNH3LDO.PSTL>G-LQFOD(U-HPHQ3NRVUHWURDOLPH‘QIW\NEHQQQDVHSDGH

XQ VLVWHEB FRQW HRWHUQRIJ xR G Y H!HUHRE®IF X DGHF R QW U CORGDRY
EORTXMHPLGEDWULDFLRIPHBW HVLuQYHILVW UMDEREY &/@IG HEHLHF X S HRID U
H@DRQLFHUFDROVVSRVBYEGRAX W«UPLQRWLPSOLFWQDQVIRURDXGDV
DQH[R QD@ RNVDPELRYOMWHPSHUDW X/ PSODEHW«UPLQREFRUUHVSRQ®ICHQWHV

SDUDV W FEGIWLHPSRXQP HGLGD UXLGR VLQR D ORV SDUEPHWURV I7VLF
ODGMVLGBE®HGRFLUFXQG DQWH
FXDOTNDMSD UIHQH PIAD W LEmeiwo H (OHPHQWEN HQWUDGXOVRFYVWLFR
GHDQE£OBHIDXGLR/HSXHG 6@ WHDRLQ PFRPSD*DGR XQDVH*DGH RQGIGH
FROGLFLBEHVOFLRQDP LERQEDWRY UH!HUHGHYDL SRISRQHQFRRO HUJHQWH
DF X P X O D WLHSRA\H G H/ W D E OHFRU HY FRPRSXOVRIWHGHVYDQWBHLDEHUQ
SURP HGLRWD G %W LFEFRRO/R FIQL YaHo S UHV LVIKIL G DX®@ CD P S O L W XL P DX H
HILFLHGRSDLY W HPOXODPELHOWH LQGLTUBPELHEW@DULDBUHBHFLEOH
FRQWURODGR 7DPE L «HOV L VW HFFOP RX Q DI X Q F L |8
WUDQVIHUHXHFLBRY SDUWHW OD
UHWURDOLPHQWDFLUQ SRU HO HOHPHG

0(72'2/2*"%
6HWUDEB@MQILOW FIRGRIHVSRQISLHQWH X;
IXQFLIBHWUDQVIHWREWHQEBG DB O H(S):K
WHQVERHGHIRUPQRNFR GHOHP HQGM RV
VLVWHPD DF%VWLFR \ (0 3 sky + k;
=_}" — = —
&RQRFLHG®RUGHGH PDJQLW K& py (s = 2jw)(des — (X, + 1))

GHIRUPDFLR@®®PBHVLRQHWRUVLRQHV
GHEL®RXQSXOWOHFWURPDBQXWLFR

VLVW HRD R F L DOSRR S L H GOHEX\B V

SRGHPRWQH WDVW HPHPW\RBUHFOQV LY H(s)
HQPDQLSXODEH QD QR VWUXFWIUDV

FLHQFGHWDWHULSDUBIH OG LV H 3@ _ ( sky
HISHULPHRRMBR\P S X H WWHRY. PHW RO LFRV ¥ 2 _

FRQ PLFURUJDQLVPRV Po \(s = Zjw)(4es - (X, + 1)

bz
* (s — 2jw)(4es — (X, + 1)))
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/RVHOH P HQWIRWD O NG J HHQH G5 U LHRU
GLVHFRPRQIVH@OLPSTRH RQW LGIM H
LQIRUPDFLUQ FRQMXQWD GH OD IX

5(68/7%$'26 < '-6&86-21(6

/DIX@LU@HN UD QV I HVHXQFILIX QIDHQ H
X QH GPHH Q VBRP X OW L S O GFHD BIUHY TX 8
YDUFRPRKQGDWERHHQWUDB S UHVHQW
FRP R QDXQF LQ R L 6 BADR PHD® D OTRMH
DSDUHMPH SULQFLSHROD IXQFLp@H
WUDQVIHVHWRPBRPR QD QDQBEHD
VLVWHPD (VWD UHWURDOLPHQWDG

(O GLDJWDPRVWUDBR XQD SULPUD By _ .
DSUR[LPU:FFH\(N.Q/WHLFQ]D@HSURWR\X/‘HLS%?;;T:;;;i;t;f::?m de sefiol de entroda con la
WHQGUKQ VLVWHPDQWHOLJHRWH

UHWURDOLPHQWDMHRLHPHQWRWHUQRYV
DGHPEL£WHXQSURFHVDP IGHIONKR GSRR U

YDULDVY HWDSDV 8QD HQWUDGD FR
6H:DOBWSUHVLN®@®::D®UDQVPLAWQRDGD
IOXFWXDNLRPAODERUUHVSR®@GBARYV

HOHPHMWRNUDRIVW WBBRJUD P8ELH
HO GLVSRVLWLYR SURWRWLSR

y Eil . Hlustracidn 3. Comporativa de entroda con un foctor de
1o | ruide reducido equivalente al 10% de lo amplitud de la
sefiol.

Hustracién 1. Diagrama de flujo de Simulink del sistema
de control,
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&21&/86-21(6 < 5(&20(1'$&-21(6 /-67% '( 5()(5(1&-$6

/JRVVLVWHBBW OWGERYDULDNFFLRQHYULY 9HF W RW\D V ROUQ/GV K ¥ DLVF
ILOW.IDRO\P DH)K EGRWHOLPLEDEPHQWRYXDWLRRY )OXL@HFKDQLFRYHU
TXMXHGHRUPBLWHODQIRUPDGEHDQ 3XEOLFDWLRQV &KDS —6%1
VLVWRPDQ I @WHX H PR GHORU P IQR H
VRORRQWURAGHBPHQWRNDOJRULWPRHZODQG ( $Q —~QWURGXWWLRQ
VH:DOHHWHUSDVDHWURDOLPHWQWRFEPQ G PRED W LKRIHF W UDOH CHOD @ W
TXHWDPELSRWQJIHQLHYYE WMGEHMD UGG ' RYHBIXEOLFDWHREWAEKDS
FRQR FEXE OHR/@ DWH D OEKWI HQH UDA &KD 'S &KDS &KDS —6%1
UXLGR HQ HO UHJLVWUR GLJLWDO

HWHUPLQREQRRQMX@NBRUEPHVBIRY _ o
HQW UDGRD QDGHENGIDXWRVSRROWLY Q ®RAQ R

HVW D E O H FSWICRAA. GORUOHV F D GMH Q0 WXEHWIIHIHUHQFRDFRXVWLFY
SURSLHGDGHYV 7UDQVDFWLRQV RQ (FRORJ\ DQG (QYLU

'DQLHOODNDURYX¥NL\ 3LOQNRLMH
BK\WVLFBMQG OXVLF7KH 8QLYHUVRIW\
IRWWLQJKPRRRR\VLPY GVWURQRP\
Q1RWLQJKDP

/D VH:*DOLQDWHJILVWQREDH QH UXQ
GHFDLPLH@WROW LHP SIRQ FO XH®O D
VLPXODFIX® FRLQFLRRQORWX@AV
DFY%VWUFROSWUDDGHWHUP L QEHRL
IHQUPHQRVLFROVDPSOLWXRH VP D
P QLPBURPHERRQVSHNWRQLILFDWLYR
GHOMEVRUF&HQQH UGB BO D/ H 3 DIX H
JHQHUD HO SXOVR
$VSHFWRMVHUQRR/PR OD SUHVLPQ
WHPSHUD®KEHDYHQNXWLVWH BBV
ILOWUDGR SURSLRV
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f Wy S

(OLPLQDFLPQ GH FRQWDPLQDQWHY DO LQWHULRU Gt

0DJDO\ <DMDLUD 1DYD 1%3H]
PQDYD#XWH HGX P|

$]DHO ODUW QH] GH OD &UX]

D]DHO PDUWLQH]GO#XDQO HGX P[

8QLYHUVLGDG 7HFQROWJLFD *UDO ODULDQR (VFREHGR
)DFXOWDG GH —QJHQLHU ™D OHFEQLFD \ (O«FWULFD )-0(
8QLYHUVLGDG $XWUQRPD GH 1XHYR /HuQ

S5HVXPHQ $SEVWUDFW

(O REMHWGHOSUHVHQWUDEDGIR 7KHREMHFVRILWHK LUWHVHDDPRK M DVWR
LQYHVW L DOHSLUS DR DKV W G B\H R SUHSDVUBPSORY SKRWRFDWDS®YWRF

IRW R F D WIS B|HF®L P LKROQMW D P LQ D Q WHYD EROHO L P L Q DWIPQRY S KSRIA.GXW D QW V
DWPRVI« WIFRM GROHQLWUPJHBDR  VXFEWLWUMRIHGHN[ IRDSSOLFD@LRQ
SDUDSOREEDGQHVSDFLRWHULMYUHY LQGRRIDFHKH\SYVXPDPSOHMSDUHG
PXHVWGDWVBUHSDUBBMGLFIGHQ ZLWKVKHDGGLWRRQLQFR[LGH=Q2
H[LGBHLQFEQ2GHPRVWUDQUERHQD GHPRQVW WRREBSKRW R F D WD O\MLHQ F\
HILFLHQRIMRFDW VO AMQIGBFOP X HVWUDZLWWHVDPSGHHSDEHWK E\ ZH KW
SUHSDUFR®D HBHVAROXHEHPRVW@ )t GHPRQVW WDKWIKQEHUFHQWIDHPRYDO
PD\RBSRAHQWBMHOL P L Q DFFR. QD ZLWBQHIILFLHRIF\ QLWBLIEGH2
HILFLHGFIOD GHFRQYHUWGIHUPLGR FRQYHUVXKRGH®B9 $ XOWUDYIOROKW

Q WULEEDMPRXPLQIADXPOWUDYLRAMWWEPLQDWLRQ

89 $

<HVR IRWRFDWE£OLVLV 12[ =Q2 *\SVXP SKRWRFDWDO\VLV 12[ =Q2
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/IDFRQW@PELHQODMWDQGHXGDE&HY FRQWDPLQOQD@VIHNKMHOY/XHORDLUH

XQ JUDYBUREOHPBGLRDPELHXWDO SULQFLSDGPHQGXVGHDIBRQVW WXFFLu
SURY RIFE0 H FMQRY IDIG®I LWRBDOHQWDPLHEWRQ OGHODS UL FQIE\Q G X VW X IHR B
JOREBEPEFKHQIHUPHGDGHBIHF WD Q FRQVLGHUDIBMRWRFDWFRIPR XQD
SREODFXQL YHORYD VEMVDUUROODWR¥QRORURPHWHGEDUNHPHGLDFLPQ
(QS DW L F XGERIQ W.IDM F GHML S RYORF DPELHQWRMOLG RRWRFDW VOGS WH E R @

P LOOR@HPXHUWSHM P D W XQBN\R GRRO DJUHIDORR/D W H U ICHORIQ VW U YEFRAR 1 Q
PXQGR @DH[SRVLMLQRVRQWDPLWYDQWHPHQWRUWHURRQFUHS\IR'LPHQWRYV
GHOLUNHKDHVWXG LIDRSFOLDPHQWH SLQWXUBVRVHVWSR¥HGKEDUNGHO
HPEDUJR QYHVWLJD RLHRRAHQ W B @ LQWHR HRW H UG HODWG L I L F D P RIH V
GHPRVWUDPKERLFRQWDPLQR 8RR GLIHUHRR®®DWHWIDDOG L HMVRRD @ V
HQFXHQW@DDDWPuVIHJWHUVRR PDWHULBMHVR QVWUXARMIRFDWDO WLF
WDPELHQHOLQWHGIHFRORWGLILFIIRY SXHGHRQLGDDVHAWRQWDPLQGQOMH
FRQFHQW WEHFIRQWDPLQB@DMIXQRYV FRPR2[ 62[\ &2%V 3R ®RVD Q WROWRH
HGLILHIQRFDVLRORXFKRD\RHQHO QHFHVX@IBWRFDW DO K(PIBRHQ 8 H
LQWHUXRAQHGI [WHUWLBDVSULQFVSDOHUUDGLDBIMOD DFWLYDW UHDFFLPQ

I X HQVBHIWR Q W D P L QEDHIDLUQ WHYRRU IRWRFDWGKORRFWHULUBRSHRFDWDO WLFF
ODYHQWLODFRG® FXDGAMFLSDAHRHQWRWDWHUITHORE VW U XPERMSIRE XODUHYV
JRQDVQGXVWULDOWB P HKQEHBHQL]DGDHVWXGLEBRISOLFDFERHIWUDGDFLUQ
RWUDNWQWBY¥OXORMVHHOBRFLQD GH12[ VRQOR¥VFHPHQWWRMHPEDUJR
ODFDHIDFFEPAXQRWURNFWRUNKM FRQVLGHOBPRQR DP L QR HRKQRH
SXHGHQIOKQUD L UKWHERQWDPLQDGERRY UHFXEULPLHQWRY PE£V XWLOL]DGF
VRQOGLYRI DU T XAWHQ LFIRMK HQWAHY  LQWH UK RHWH V R @ X BX H GHHXWLOL]DGR
FRQWDPLQWHW®UDHFRQGLFLRQDAGRSDUHGNWHFKRWGLILALFRPRIQ
ODUDGDQWLGHWGR [L @D \E HU B B DR SHUILOGIWFRUDWUHRLHYHSDQHOHYV
PDWHULDOHV GH FRQVWUXFFLuQ SUHIDEULFDGRV > @

(QSDUWLPEXOSHEUVRYDVMHESURPHGLR ([LVWHDJIXQDEYHVWLID¥REQBWD
HQWHW®OG \ HO GHVXWLHPGRDURR IDEULFDEH\HY RRWRFDWBR@MELLER
DPELHQWRWHULBBHMVDUD]u@V GHGLU[LGRWLWDRUR VL@ PEDUHO
LPSRUWBQWRLBDWRRQWDPLQBYWHWPSOKBREQ2HQHV WH SRPDWH U LDROH YV
DLUWH@DPDOMDOLGEBLU®YWHIXRGH VLGRYDOXDBRB® FXDIOQHVWHIDE®MW R
HVWDVRFLDGIRIHUPHGDEWMSLUDWR WM VWLYBBURE RQED GLF L= Q
FRPROVPDQHXPRQEDRQTXLMWULMJILWIRRPHUFLDBIQPXHVWERBNMYVRR® OLQ
FEQFIBWSXOPUBQIHUPHGBEBMBHO GHHYDOXREDSDFLED@EIOL P LIIDWH
FRPRHUXSFLRRYHMWEQHBGMUPDWLWLVWLSR 12[ HQ HVSDFLRV LQWHULRUHYV
FRQM X Q V& RYQIWD VL QRPRIRY 62\
928 VWRQ@RYULQTFABRQWDPLQIXMWHY 0(72'2/2*"$
VHSXHGHRFR QOB QW H GIHOR V
HGLILFER&5HFLHQWHPHQM\R GH 3UHSDUDFLUQ GH ODV PXHVWUDV GH \I
PDWH UL DROMRFDWDOVWBRRWQWDQGR
GHELG®DWHQW D MIRVUH FSDUWH GIXF  /DWXHVWEBMVRHSUHSDUPHEBRDQWH
ORV OPHFOGH ODRDWHUSDWVP YV J @D
SURSRUF LR@H\F D@D’ DEOD /DV
SUREHWHSWHSDUPBPERQVRRPHURKLDO
VH
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XWLOIQMHODRHY®DJIX B H /DV Calibrador

PXHVWWHRE W X Y LIHHRICD QW 8 L F GIHQ a} de gases Analizador
SROYGH=Q2G L UHHQMHQP H] F OMmV de NOx
SURSRUFLEBRAEBRWRFDWDXWD G RID G D VReactor
IXHUR® HQSHR'HQUHOD FIRGQH O fotocatalitico’ ™4
FRQWH@RVWRE\HVRHVSXGHBURRHV s
GHPH]FODBAOHV R HY HUW RJE WPHR O @ H
FRGLPHRQBW [ | FP\ VHEXUp
SRU G DVWUDQV F XHN\WELRI P8 FD O HDY i
FDE®HYDXDFGHYD FW L YIIRAADRF D W D O

Tabla 1. Formulacion de las muestras de veso

Fuente de
Materiales Formulacion iluminacién

Control 1% 3

V@ | W | w | w o
Zn0i(g) 0 0.1 0.3
Agua (mL) 0.3 0.3 0.8

_ Reactor de

3UXHEDV IRWRFDWDO WLFDV acero

inoxidable

/DVSUXHERWR FWWHRIBH Y D O X HUR®Q
UHDFFGH@WRLGDFGHIR SDUHO @R Figura 1. a) Sistema de punficacion de are para la
HPSOHQVLVWHPHS X UL ILF DEFH.R QU Heliminacion de NO y b) parte interno del reactor

GLVH3DFGRREDVHQO D RUPD62
(VWWILVWHPDAWFR QIRUPBBEKQUHFWRU

IRWRFDWDXODWEFRRBXHVWUPLOURG (QORN[SHULP HIRWRKND W DOHMPLIFRI
GHIDGHI[LGR WULERXQFLOL GGDIRUH FRPRXHQ®H OXPEIQUQ D £P S DAHD X]
FHURQFDOLEUDHERWHXQDQDOL]GBRBY $GHOPDUFTHFQR/Q W XDWL HR®D
12[ FRPR VH SXHGH REVHUYDU HQ PPWH@FHD : \ XQDORQJILBEKXREQGD

fotocatalitico.

PE[LPOSH QP FRPR/HDSUHFQHO
HVSHFWWHRYHQWDEB®D)LIXUD /DV
PHGLFLRQRWRFDWD QMW IUAHDOL]DURQ
HPSOHDRGRRQFHQWUQEKIDSSP

GH12 8QDYHITXHHVWIRQFHQW UDWLUQ
HV W DHE@ID) H D FVRRRF D W DO-SW RFRIG L it

D HQHQG HOUD £P SIDIUQ L F L DARNG RD RF L
IRWRFDW DD PR QFHM QW WHARuQ OD

H Q W U'D\GIDO IGGHEDH D F WKRRJH G L GR Ul O
DQDOL]DGRU GH 12[ PDUFD (FR3K\VLFV
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; ; Figura 3. Patrén de difraccion de rayes-X del ZnO.
Figura 2. Espectro de lampara TecnoLite. }

3DUPDORMI®ORUFHQ®HFWMIQYHUGHL pQ
12[ VH XWLOL]p OD IpUPXOD
/DDFWLY LR\ RBFDW R BWHIQRES DO D V
GLIHUHBRXHWW G EWHVRRWRFDWIB/O "WLFR
NO, — NO; SUHVHQWQGIDLIJXD &RPRVHSXHGH
C‘onl#ei'siondeNU(%):T*IOU DSUHFIHQUODJUEILFDPEDW XHVWUD
f SUHVHQWRODROR UWGRQIWH G IGFHDU Q
PRO«FR@®WDPLQGRAMWHGE& WULRR
"RQGH 12% BLUHSUHVOIRRMDFHQWUDF 16 SXHGHDSUHFLDXH OD DFWLYLGDG
GHL2 LQLRLDD2% BIOBRQFHQW GBIFLudRWRFDW /&I MQLFFWDH P HRRWQI R U R/IH
12 ILQDO GHVSXHV GH PLQXWRYV ®ADICUNORR RS RY FHQ®IDMX2D OD
PH]FO®NHVR LHQGRXHV VWM SDDG

5(68/7%$'26 < '—6&86—+1 FRQOXQ GH=Q2ODTXHDOFDXQD
HOLPLQBHLUQGHVSX&N PLQXVGRIV

(0=Q XWLOLHI®ORSUHSDUDGHQP®R LUUDG LEFQX®9 $(VWH VXOMNBER
PRUW HHURWER Q VW LSMXLGEGR SDGPHMWHYLPLODADOFDQ]BR®ROD WX HVWEGD
IDVEXU]LKHIDJREQFRQFRUGPR®DD PRUWHWRSD U DGR GHDGLF LG
WDUMHWD WDOFRPR/HDSUHFID 7L2PRGLILFERE® WULJBIRRIDDFRQ]
SDWWQHB LIUD FEHUM\RVS YHVHQMDD GR XQ GH GHJUDGDFGHQ12 GH
ODLIXUD'LFKRDW H BLHY HRQ QLD DSUR[LPDGDPHQW @SR R X DR

VXSHUIHVSBIG GHFDP J VLHQ®\RWD EDVHQORWVHYVXOWRRERH Q IS(RRBHP RV
SURSLHGOGP S RUQWMIKO B YDOXDFH pQ DVHIXURHODDGLFLER=Q2HQ\HVR

VX SHU I URMWR/F D DADGHWILER X HX Q D UHSUHVHQDP X\ EXHQRSFLpH
PD\RBUHWDXSHU I HWVISIHE LARPOV U LEEX\H HOLPLQBFL2AQS XHGHERWHQFLDOPHQWI|
XQ[B’D\RDEVRUKBLHD@NRQWDPLQ(DIQWHVWLOL]DGD HQ HVSDFLRV LQWHULRUH
TXHWVX HFRQGXXH)PD\RGHJUDGDFLUQ

GH FRQWDPLQDQWHYV

9ROXPHQ1%PHUR (QHUR



> @3 6LEJ OLVKUYDL .DEDF K NROY

6KXO D5 9DLVKKH KDUDFWHRILVWLFV
%L2&0 30RNIDHUARP SRV LDWHAV K HL U
SKRWRFD\8EOIRUP XQ@FHYW VL DO HKW
LOOXPLORWHEQF O HOMW B [(Q HU
7HFKQRO YRO ss

a)

¥ %

Comversion de WO (%)

> @ -DQXV=DWRUVNDMQEF.XVLDN

Yeso fotocatalitico

e IHMPDBQ&]\>HZVINQG : ORUDZVRH
Figura 4. a) Muestra de veso fotocatalitico preparado PHFKDQLF@G& KRWRF D WVNAR\SHIAILHV
con 3% de ZnO, b) Porcentaje de conversion de NO PRGLILUNSYXPDWH U LODOWBEF I{ Q J %
obtenido por las muestras de yeso fotocatalitico. YRO QR 1RYHPEHU SS
&218&/86-21(6 > @ -DQXV %XEDF]J=DWRUVNDVLDN

1IHMPDQ $ &]\]JHZVNL DQG $ : ORUDZ
)XH SRVQEIRUPXOBPXYHVWUDH\HR SKRWRFDVERO WDIGDRMIRRV XS ODWHYV
IRWRFDWFRW®WGERMIQIRWRFDWD OLREE RBIEL2 1& SKRWRF D WDRQ VLWR/
=Q2 (VWDPXHVWUBMPRVWUDURDAXKHP 7HFKQRO YRO QR SS
LPSRUWBQMPH Q GFLAQLQFORR @ Q
SRUFH QWD ®IIHF GHIQR W R F D W DFROMAR B R U
PHQRIKH R HSR U WQIRLW H U S RGR D
FXDEFRQVLGHUDTRRWHVWRPMDOWHULDOHV
UHSUHVHQVQDQH[FHO H QRASHE L u @ H
UHPHGLDFREQH QSMD®H MWL O LHGE RV
HVSDFLRV LQWHULRUHYV

%-%/-2*5%$)"$

> @ .KRMQNRWO 6SDWRQG HFWR
VSHFFIREWULERWPRYVLRRPELHQW
D LYJR O X W QREQR U W DL@YIXW\R S HL@V DH V
KHDQWEDB WV HV V PHIM BXE O-LHD
YRO QR SS H H

> @ /IXHWO —QVLURWRKHKRWRFDWDO\WLF
5HPRYRO12 LQ$LIRYHUDQRFU\VWDOOLQH
%L 6Q 2XQG HBl P X O DER-IEDILI K W G
(QJ&KHP5HVYRO QR SS

> @*RQJ£OH] ODIUWURDNP BB« UH
DQG /HEUHUWREWADH RI W KGHH % UK
~QGRBUWROOXWRRYKIBRWHQWILDO
%LRWHFKQRORQGHRRU3IXULILFDWLRQ
ss

> @ 6SLUXQ@ / 6LPRQEB UHYLRD
LQWH U D EW WZGMQ@HUSHU IR UP RQ FH
WKEXLOGLRIW G PR R O O X IVQ BA\GK
LQGRRIUDX DO LM@H U BWUR FH & RO

ss
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A,

e v ok

OETXLQD 3URWRWLSR SDUD 3URGXFFLuQ GH )LODPHQWR
GH 7THPSHUDWXUD \ 9HORFLGDG

&DUORV (GXDUGR %DXWLVWD *XWL«UUH]

FDUORVEJW] #JPDLO FRP

+HUQEQ &DUGRQD 5RGU JXH]

KHUQDQFDUGRQD #JPDLO FRP
5LFDUGR &KDSD *DUF ™D
UJDUFLD#XWH HGX P|

9DOHQW Q *X]P£Q 5DPRV
YIX]PDQ#XWH HGX P|

8QLYHUVLGDG 7THFQROMJLFD *UDO ODULDQR (VFREHGR

SHVXPHQ $EVWUDFW

(Q HVWHSUR\HFWR SUHVHQWD 7KLYURMSHFNW HIDPD\E K LYY K D' WU YW@ V
LPSOHPHQWDHXQPETXLQDXHVLHY UH X 31 D VE/RWWD@HH G XFRIO O XGWLR Q

S D UDH X W LODDEfRW BGM O £ VWUFAR X FMRSRRUGLVSR\RIONVKLSURG X FWH
OPRWDPLQDEHEQGBRPDOGLYSRPLALQY LU R Q PLHPEW BGW KHF R V\V W@ V
GHHVVBH R G X FQLRS D FWR E L H QDADIRY W BO D VSARLGFO XSALIRRYQHAP PH Q@B P D J H
HFRVLVVSHRBDWX GO BRQWDP L GRFLPQ & \D SUR E OW R MW H GWE HV R O VR G
SOE£VWKDREWD VLR YRBRD®D*R HWXQ DYRVBIAYEYEBHDOROOXMRIRRY HU
SUREOHMMVHWLHOGKHFRPEDWDWDW KWSHR ISR O O XWWHIR@REMEFSHRSOH V
HY LV B VWRR/QWDPOGH® ORY RV KHDOTKKHS UR M HIHW HO R S VHK@REW K H
ODNRVWONORRFRQRWGHPEWHTXH SURFH GWRIHI X WHK S O D VRADLVFH UU R ©
SURY RB DHF W D FLIRIYHI B D O 8D D VW KEHR W VE & H @WK U S FOWBIF R Q W DHLQE U
SHUVRQ@WGHVROGRHV VB R\HFWRDQGR HNVQWR(W UDWDW\VHQHUDWHG
PXHVWEURFHG L PTXKWRO HYFD ER W K BYR F HMB F R [RDS O D VW@ B P WE W W
SDUWDH X W LKOB PDAUHL BO £VWKPRRD @GH XV HIDRW SULQWRWKRW KIKKQFWLRQDOL
ODERWMNORXD QGWRH KD FXPSOLBR RIWKSURMMRWH{SHULP H @/\N l2H\W H
SURSUVEWRRFRQWHQHGRH GHVHIOFDUULHG RXW RQ WKH PDFKLQH
GLVSRORMX KW HHQHKMQ VVBM R F HWR

XQERELQGEXQLODPHRWREVWKRAR/ .H\ZRUGVSROOXWLR@XFWLURQDPHQW
%WLSDUDODVLPSUHVRUDYV 3UXHEDYHQHUDWLRQ DXWRPDWLF PDFKLQH F
H[SHULPH GGMWDEANX L RH XHVWOD Q

IXQFLRQDOLGDG GHO SUR\HFWR KDQ VLGR UHDOL]DGDYV

BDODEBONVYHHGXFFEHRRQWDPLQDFLUQ
JHQHUDGHL@QDPHRAWKLQXWRPEWLFD
VLVWHPD GH FRQWURO

9ROXPHQ1¥%PHUR (QHUR
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(Q XQEORSUHVHRWRWBURFXUTDG XU
/D FRWDPLQDFRWEIVLGEAEVWDERY 6 Ghi@R Q v X P LGSR L FIRGH @ X W H

SURYLHQHQDERWHOO/XQ SUREOHP DY E L () mw HP 6 HO DERQWD P L OB RUQ
GHPDVLDGR HURDQGRVWRARQPDO 0 r\ WP R O F L RI(MD RSO £V WE FRY
GLVSXHFBRWD HD VL H WUBWR F«DQRV \ ¢ G Ry H S U H V HGOW D G5 HO R VX HY H
VHD@RQWDPLQD GRWWHULRUPHRRVK | 5 6 X mh@D >R DG H P BMILQ | R UP B
RFDVLEQRERNO N DO ED DD X QDQLPDOHV WEWXJIDVPDPTHURDULORY

\ SHUVRQIRO6DQLAR QY HV WR EIR YV DYHRD UL OBNHU HIOX DO P HOQWH
PLFURSOEVVDLBREXRULEVWLFDOBQWH 5 5ROWD P L G S O£ WHRRD U HV
FRQWDP L SRFEQRV WAL KDSHGLGR | 6 UR\HAWESDUB®R KD E PEV
TXHWHIHD OLEBI YOXD FEHIRDXVIBEID g6 ¢\ WILEHSW F HVQH R F « D Q RFHH VW L P D

SUHVHQGHPLFURSOLWLFARHGR Ty p| 60 RIWRQHOMIS DYV @ DFADD O
DPELHQVBHYXWHIHFWRD VDORBGODY pr noRY FDGD D3R 352)(&2

SHUVR QDDA X E O VFOQD Q £ 0 DFHWGE B
ORVFRQRFLPLHQMRXD WREUMVWRY ¢ pppiomRY L FRBXLDS UR E O BRO D

PDWHULDOHV HQ HO2DBXD SRWDEOHR o\ pp L Q®RIEMEY W VHBWRS RQ B

FUHDFGHEQIPETXL GG RWRWRBAD
&R @ D HX WL O (G| BOFRYHY L GX®EN WK R Vg () 2 G x F F& QL O D P H AW RO DF X D @ H

SUHWHQHEGXE BR QWD P L QHOLWQH U U Dg 1y \ Hige W LORYBHY L G X @ &'V WLR V

U R\RF « D QREH P B\ H G XE RWL H V GRIV
SURY L HGHO@E/R BB BV L Q F L S D GRARHID W H
HQIHUPHGPQWDBHUVRQADUYLPDOHY y\wp pOWHUQDWLYD GH VROXFLUQ VH

IDXQDRFDVLRQDERWHVWHVLSREH =y g@exH® ODVLHUWIBVRF«DQR
FRQWDPLQBPUX@DSOLFDFIREWN g\ k| RODORKGWSHUDXHKD\DX®

SXHGHEDL]PREAVWH VL GORVWHER G xFGIHIQ | H U P HGRIDHWD S R W W H
ILODPHGWRODVSUHVRUDVHVGMO /| cp GH FRQWDPLODFLpQ

SXQWERHYLVWBROuUFFRDOQUHXWLBWBU

UHVLGSBVWLFR DKRUW® FRYVW®RH OR EMH\G HOR R\ HFWGRE U H D FG 0O D
GLVSRVLFIFRQILQDPLHYWRUHWHQG B¢ 1y | gmw R WLBHDH X W LODRFRW MO O D
REWHQBHODQRRWIYHQWHODEREDY  i50¢£yvWDFRGD®HGLRPELHGR® D
JHQHUDGDYV UHGXFEHP®RQWDPLQXFWRYLEQH

(OSUROHP®HFR QR D F LYW HVL G X RO PDDGLRYLFGHRV B H R G XFX\DRQ GR
SOEVWLREBVFUHFLGRQVLGHUDEOHPKB\WHEPEGRFRQVX SURSHVIARRR
HVWXGURY L H QRWHHW W UTDXH V H K [ FRQWHQHGRU
JHQHUDBGRRMIDYBI® HG LIRPE L HBWH
L QIR UPWH V H Q SIOBMRH GCHY R W L € HDIY
218 VREUBGIDFRQWDPLQBRUSIQERWLF
SXEOLF®RWR B URUDP 5 HO D VD FLIRY
8QLGDSWRD HOOHGLRBPELHQVeH S
PXHVWWXBD BRQWDPL@ERIQOVWHIFRYV
XQDDPHQD]BUHFLHGQWUHDNR G REV
HFRVLVWISRDAGBRQGNH RULJLQD
FRQWDPLQDRHP@HEKDVWIDPDU HO
HVWXGH®DFDXHGLFKIRQWDPLQKDFLUQ
FUHFEGR VLG H U D E B GCPRIMDWH P FRW
\ SUHYRXHVHGXSOLBOWEHO )
LQIRUBHVWDXEHGOLVWIHSRIHVHQWD

G HORWH V L GTOR Y O H DID@®R/F « D QR V
HQFRQVHB¥MDRGDDMNVSHFEBYL\QD
GHVGHODQFWRROXVFRIV VOD B Y\H
WRUWNXOBADP THUWRHQIUH@W DBV JIRV
GH QWRI[LFWWBIDMVNGHRRPSRUWDPLHQWR
LQDQLFLMQ \ DVIL[LD 5XNLNDLUH
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(GGLVHGRKQPELETXLG@BWHUPRFRQIRUP
SDUDDDEULFDGHLQDPHQ@W®\3/$VH

SUHVH@WMUDE@WWUF/W“@JURWWEDWHULW(HHI‘PRSBIEGWVPLQX\H\Q(GR

+HUQDQGHIXLQWHUR HQVXWUDEDM&HJUDGMWQHWBM)UWHWWRQ
SURSRQHQGLVH®*EH XQDPETXLQBH ILODPH@WBOUIPSUHVRUDV3RUOR

WHUPRFRQIRGRHECRWR VSR UDWIDU 1)\ v xIGEOP S R U W D P GHIQQIR
P DW H ULHDIGCH V S HIURE IXFHV HJ H Q H BIRO D
i H[WUXVBUBYLDPHQWH3DGIBDUWHYV
LPSUHVLuQ/HXW.IDURVH R UGBIG L ¥R Y
IDEULFDSMDWYD XHJIRHIL@MWHRPHWU D
PHFEQLARUDQV IIHUGHFD ORUDQEOLVL
QHUWDODYDULD BGIE NV HBRG HF XD G D
QXP«UISBRIBD O F X MU O DJRMO HP HQW
UDUHSUHVH@EWRQUYHQLHQWH®RHQWH
PEWVLFSRUWDTQH\OH W € GRCH QOVDQ W R U
O DLQ G X V W X EKDWDQH Y WH. SRS RO "PHUR DOHIDEWHB [WUXVEHQLODPHQ®WR
UDEDMPOL]IPRQXQ GLVH3@H IEFLO

SRGUEQHFLFODDEULRDAPDWHUGBO FRQVWUXFRSMWQ PL]PBROGHWUDEDMD U

LPSUHVIRISWLPL]IDDGRPEMOSURFHVR
SURGXFWI-HGRFLE)(B\BRHP$3FH\-!QWU\HJDF*%%ikéw:fﬁg/:LDOMN’UPRSO/EVWLFR

ORRRVWERYPSUHWHGLD @ @WR HH VWD
PETXLQD

é%\% M&HIUDGRVH*BHXQQ[WUXNVRU
) O DPWEH-PSUHVLU@RQV LNOW H
LVH®*IXQD PETXLQBDSDIGH WUDWD

(QOMFW XD COLRIUR FHGRIVHFLF@®DGR
UHXWLOL®HFPDWHULYERGH JIDQ
(QH® U D E®HIFD Y D 6B RVRD Y D UBWRRV R LPSRUWBQEA®PEDWBERQWDPL@EBPLUQ
& DV W6 O H | VHGLVHARQVWUX\pPHGLBRPELHQWMID OJX QRAORVHVLGXRV
HODER@WPSURJUDPDBIH)XQDPETXQD SOELVWILHRWQYLHW@KHGURFDUSHRRYV
H[W U XVRDWH WODF XDEBVWEHVWLQDGDWDPELHJLYWR® URMWRFHVRVUIHO
REWH QIHB QWRLQVXPRVLOL$DERD DSURYHFKD BIHHYWRMVLGXRY FG H
LPSUHVIH@® ' DGHPEWHREWXWR HOORVODSURGXGFGHILODPH@MRY
SURWRWH SRTXLQGOWUXVRRADHBRDQ LPSUHVRUDV '
GLPHQVLREWHYWMHIRUWMNWEOXBE (Q HVWSIUR\HFWRDEULRQDPETXLQD
UHDOL]DEBHPRVRQ X IXQFLRQDPLHGWRW RIWLLEBURGXFEHLQ D P H QWRY
VDWLVIDFWRULR GH OD PETXLQD PETXLGRQV®HXQIEDYVHQO FXDWYH
PRQWDXQD ERWHO®H SOELVW LTR®H
(QH O UW ~RAX.G\RX(@DER U D5FH.UQD PH QW R\R VW H U L RVIR HFR W W G B DE bE D VAR Q
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llustracion 1. Diagrama esquematico de
magquina prototipo.

llustracion 2. Base de rcdamientos para

botella de plastico.

llustracion 3. Blogue de aluminio y

resistencia calefactora.

llustracion 4. Abanico de enfriamiento.
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