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Abstract: Ensuring a safe and environmentally friendly living environment requires the use of
modern technological and engineering solutions to design and build high-risk facilities.
Dangers to human health include the different electromagnetic fields emanating from power
and communication devices. The aim of the project is to find a solution for the construction of
a built-in transformer substation with minimal impact on human and the environment in terms
of wave emissions.
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BbBenenne

OcurypsiBanero Ha 0e30TMacHa M €KOJIOTUYHO YKCTa JKU3HEHA Cpela M3MCKBAT U3IOJI3BAHETO
Ha ChBPEMEHHHU HMHXCHEPHM PELICHMs MpPU MPOEKTHpaHEe U M3rpakJaHe Ha ChOPBKEHUS C
MTOBHIIIEHA OTTACHOCT.

3aKOHOJIATENICTBOTO B 00JIaCTTa HA 3APABOCIOBHUTE M O€30IaCHU YCIIOBHS Ha Tpy[ Hajara
BCE IO - CTPOTH KPUTEPUU IO OTHOILIEHUE Ha (aKTOPUTE, BIMSICIIN BHPXY 3APAaBOCIOBHOTO
ChCTOSIHHE Ha YOBEKA.

Oco0eHa OMacHOCT 3a YOBELIKOTO 3/paBe IPEACTaBIsABAT Pa3IMUYHUTE EJIEKTPOMAarHUTHU
MoJIeTa, KOMTO C€ H3IbYBAT OT MAacoBO H3IMOJI3BAHUTE EHEPIHMHHU U KOMYHHKAIIMOHHH
YCTPOICTBA.

Jlo ckOpo Ha BIMSHUETO Ha Te3W IoJieTa He Oelle OTAEICHO HeoOXOAMMOTO BHMMAaHUE,
JUIICBaXa CEPUO3HM W3CJIEIBAHMS 3a OIEHKAaTa Ha TOBAa BIUSHUE BBPXY YOBEIIKHUS
OpraHu3bM.

I/I3CJI€)IBaH€TO Ha BJIMAHHUCTO Ha CICKTPOMArHUTHUTC IIOJICTA BBPXY 3PaBCTO Ha YOBCKaA
3arouBa olie npe3 60-Te roJUHM Ha J1BaJieCeTH BEK OCHOBHO 3a XOpa, paboTeIM B KOHTAKT C
TeHEePaTOPH Ha €IEKTPOMArHUTHO U3JIbYBaHE.

XapakTepHU TPOMEHHM B 3APABOCIOBHOTO CBHCTOSHUE Ca KOHCTaTHpaHW Npu paboTeny,
HaMHupai C€ IMOCTOAHHO ITOQ B'I)SI[GI\/'ICTBI/IG Ha CJIICKTPOMAarHuTHO HU3JIBbYBAHC C JOCTATHYHO
BHCOKA HHTEH3UBHOCT.

ToBa ca omepaTopy Ha CHIJIOBM TOJCTAHITNH, OOCTY)XBAalll MEPCOHAN Ha TypOWHH, Tele- H
paluMOCTaHIIMM, KOCMHYECKM amapatd, paOOTHHUIM B  JKEJIE30MbTEH M  TPAACKH
€IIEKTPOTPAHCIIOPT.



IIpn >xuBeemmte B 30Hara Ha jaeiictBue Ha EMII xopa ce HaOmomaBa mOBHUINIECHA
pa3Ipa3HUTEIIHOCT, a MPU BB3JCHCTBUE OT €HA JI0 TPU TOJUHU - BIIOIIABAHE HA MAMETTA,
CHHSI U yCelllaHE 3a MOBUILIEHA YMOpa

IIpoMeHsi ce He camMO LIEHTpaJHaTa HEPBHA CHCTEMAa, KOETO MOXE Jia JOBEJAE 10 CEPUO3HU
MICUXUYHU 3a00JIIBaHMs], HO OTCJIa0Ba U UMYHHUTETHT, Ch3[aBaT c€ OJIArONPHUSTHU yCIOBHS 32
pa3BHUTHE HA XOPMOHAIHU U OHKOJIOTHYHU 3a00JISIBaHUS.

YcranoBeHo e, ue aeiictBuero Ha EMII yBennuaBa 6post Ha camoyOuiicTBaTa.

Harpymanu ca poctarb4yHO MHOIO JIaHHM, JOKa3Ballld OTPUIIATEIHOTO BIIUSHUE Ha
€JIEKTPOMAarHUTHUTE II0JIeTa BbPXY HMMYHHaTa cHCTeMa (CTUMYJIHMpaT c€ AaBTOMMYHHH
peakuuu B OpraHu3Ma Ha OpeMeHHHTE XeHH). Hamuile € W BIWsSHHE BbPXY CHIOKPHHHATA
CUCTEMa, PETUCTPUPAHO € 3aBUIICHO KOJIMWYECTBO Ha aJpeHaJUH B KPbBTA, aKTUBU3UPAHE Ha
IIPOLIECUTE Ha KPBbBOCHCUPBAHE.

YcTaHOBEHO € U BIMSHHE U BbpPXY CeKcyalnHata (YyHKIUS, HapylIeHUs BbB
(YHKIMOHMPAHETO Ha CHPACYHO-CHAOBATA CHCTEMa - JIAOMJIHOCT Ha IyJca U KPBBHOTO
HaJsiraHe, TeHJICHIUS KbM XUIIOTOHUS (HUCKO KPBBHO HalsraHe), 00JKu B 00J1acTTa ChPIIETO,
¢$a30BM IPOMEHU B ChCTaBa Ha mepudepHaTa KpbB ChC CIEABAIIO PAa3BUTHE HA yMepeHa
JIEBKOMEHUS (HaMaseH Opoil IEBKOLUTU B KPBBTA), EPUTPOIIUTOICHUS (HaMalsiBaHE HA Opost
Ha eputpouutute) [3+6].

W3cnenaBanusTa mOKa3BaT ChIIO, Y€ CTENEHTAa Ha TMOJIYYCHHTE YBPEXKJIaHUS 3aBUCU
CBIIECTBEHO OT MPOIBJDKUTECIIHOCTTA Ha OOJ'bYBAHETO M XapaKTCPUCTUKUTE HA U3IOJI3BAHUS
CUTHAJ.

JlokazaHo € eKCIEePUMEHTAIIHO, Y€ €JICKTPOMAarHUTHUTE ToJieTa ¢ HucKa yectora (20300 Hz)
U TE€3M C paarovecToTa (C IUpHUHA Ha PaarodecToTHaTa jJeHTa oT 148,5 kHz 3a abiru BbIHK
10 86 GHz) BnusisSIT ChIIECTBEHO HA TCHUTE U IPOTCHHHTE.

[Tonyuenure pesynTtatu ot ABe JabopaTopuu Ha Reflex mo - kbCHO ca MOTBBPJAEHU OT OIlE
nBe 1abopaTopumu.

ITpe3 2004 r. EC paspabotu mupextuBa (DIRECTIVE 2004/40/EC of the European
Parliament and of the Council of 29 april 2004), kosiTo akieHTyBa BbpPXY HEOOXOAMMOCTTA OT
CepUO3€H aHallu3 Ha BB3ACHCTBUETO HA EJIIEKTPOMATHUTHHUTE TMOJieTa U THPCEHETO Ha
BB3MOXHOCTH 32 HAMAJIIBAHETO MY.

MesxnyHapoaHaTa areHIus mo u3cienBane Ha oHkonoruunute 3adonsBanus (IARC) Bkimoun
CBPBbX HHUCKOYECTOTHHUTE MArHUTHH TIOJIeTa B CIHCHhKAa 32 BB3MOXKHUTE KaHIEPOTCHHHU
dakTopu 3a xopara.

Bce ome o6ave OMONIOTMYHUTE MEXAaHW3MH HAa PUCKA OT TAXHOTO BIMSHHUE HE Ca HAITBIIHO
W3SICHEHHU.

l. Biansinne Ha TpaHC(OPMATOPHUTE EJCKTPOTEXHHYECKH CBHOPBKCHHS BbPXY
OKOJIHATA Ccpefa.

TpancdopmaTopHUTE TOJCTAHIIMKM, HAMHpAIId c€ B OJHM30CT 110 KWIWIIHU Crpagu 0e3
CbMHEHHE Ca CEPHO3HU U3TOYHMIIM HA JIEKTPOMArHUTHH IOJIeTa.

VYcTaHOBEHO €, ye HaJlnyhe Ha eJIeKTpoMarHuTHo moje c¢ yectora 50 Hz (Pur. 1), xoero
ChOTBETCTBA Ha CTAHIAPTHOTO OUTOBO €NEKTPO3axpaHBaHe, OKa3Ba CEPUO3HO BIMSHHE Ha
(bubpobnacTuTe (IepMaTHHS CIION Ha KOXKAaTa) U MEJaHOIUTUTE (KJIETKU 3a MPOU3BOJCTBO H
CbXpaHEHHE Ha MEJaHWH) Ha YOBeKa, JOKaTO JUM(OIUTUTE OCTABAT HETIOBIUSHU.

BbB  ¢pubpoobmactute € OTKpUTa JUPEKTHA Bpb3Ka MEXKIYy HHTEH3UTETa U
MPOABIDKUTETHOCTTa Ha 00TpYBaHeTO U Oposi Ha yBpexaanusTa Ha JIHK, kakro u otnensHe
Ha MUKpOHYKJIeycH. 1 nBeTe HaOI0JaBaH! SIBJICHHS Ca MPU3HAK 32 TeHOTOKCUYHOCT.
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Que. 1. Bausanus na ENEKMPOMACHUNTHONIO NOJIE 8bPXY YOBEUIKUA OPcAHU3BM.

Tpanchopmaropure ca yCTPOHCTBa, B KOMTO OXJIAXKAAHETO CE OCHIIECTBSIBA C MOMOIITA Ha
macna [1, 2].

[Tpu Tpancdopmaropute, nMpeaHa3HAYCHH 3a BUCOKO HAMPEKEHHE, Ha TPAHCPOPMATOPHOTO
Macjao ce MpaBH 3aJBDKUTENICH aHAIW3 Ha OMpeleNieH mepuoa oT Bpeme. Ilpu To3u THI
YCTPOMCTBA MapuTe OT TpaHChOPMATOPHUTE Maciia npeMuHaBaT mpe3 Guirpu. ChCTOSHHETO
UM Ce KOHTPOJIMPA OT Ta30BO pelie.

[Ipu TtpanchopmaTopute, mpeaHA3HAUYCHH 3a CPEIHO HAMpPEXKCHHWE, HA H3X0Ja Ha
Pa3UIUPUTETHUSA Ch JHUICBA QUITHD M MAPUTE OT TPAHCPOPMATOPHOTO MACIO CE OTBEKIAT
JTUPEKTHO B aTMocepara.

ITpu TO3W THM YCTPOWCTBA JIMIICBA KOHTPOJ HAa MAacjioTO, KaKTO W Tra3oBa 3amuta. [lpu
BB3HUKBAHE HA KPAaTKW aBapHH, KaTo MPETOBApBAHE U MPErpsBaHe, OT MACIOTO CE OTICIAT B
IBTH MTOBEYE I'a30Be, B CPABHEHHUE C TE3H, OTJCIICHH TP HOPMAJICH PEXKUM Ha paboTa.

1. ExcnepuMeHTaJHH  HW3cCJeABaHHMsI 32 OIeHKAa Ha Bb3JeiicTBHETO Ha
TpaHchOPMATOPHHUTE €JIEKTPOTEXHHYECKH ChOPBKEHHUS BbPXY OKOJHATA cpe/a.

3a OlLleHKa Ha CTeNeHTa Ha Bb3ACHCTBUE Ha TpaHCPOPMATOPHUTE MOJCTAHIMM Osxa
NPOBE/ICHH W3MEPBaHKs Ha IUThTHOCTTA HA MOTOKA Ha MarHUTHOTO noe (B), nHTeH3uTeTa Ha
enekTpuuecko nose (E), kakTo u Ha OTAETICHUTE Ta30Be OT TPaHCHOPMATOPHOTO MACIIO MPU
HOpMaJiHa paborTa.

Wzcnensan Oe TpanchopmaTop, MpeaHa3HAueH 3a CPETHO HANPEKEHUE C XapaKTePUCTHKH:
20/0.4 kV; 10/0.4 kV; 6/0.4 kV; ¢ MacieHO OXJIaKIaHeE.

2.1. HsmepeaHe HAa nivmHocmmda HA nomokKd HA MACHUMHOMO noJje u urmer3umemda Ha
€NeKmpu4ecKomo noJie 6 3oHania Ha mpchqbopmamopa.

3a ycTaHOBSIBAaHE Ha CTENEHTAa Ha MOJYyYEHOTO U3TbYBaHE OT TpaHcPopMaTopa € HE0OXO0AUMO
Jla ce HallpaBM MOJIpOOHA CHUMKA Ha MarHUTHOTO I10JI€ B HETIOCPEACTBEHA OJIM30CT JI0 HETO.
OcBeH U3MepBaHe Ha PaJUalMOHHUS (OH B ONPEACTCHH TOYKH Ha Pa3JIMYHO PA3CTOSHHUE OT
TpaHchopmaTopa, HEOOXOAMMO € Ja c€ MpOBeAaT M U3MEPBAaHUS B PA3IUYHU BPEMEBH
WHTEPBAIM, TMOJMOpAaHHM B 3aBHCHMOCT OT HATOBapBaHETO Ha EJIEKTPOTEXHHUYECKOTO
chopbkeHue. Maedra e f1a ce Moxydu elHa Mo - KOPEKTHA OLEHKa 3a IUIbTHOCTTA Ha MOTOKA
Ha MarHUTHOTO IIOJIe, KaKTO M 32 WHTCH3WTETa Ha EIIEKTPHYECKOTO TMOJie B OJM30CT [0
TpaHchopmaTopa.

W3mepBaneTto ce mpoBene ¢ mnomomra Ha ypex Benetech GM3120 LCD Digital
Electromagnetic Radiation Detector EMF Meter Dosimeter (®wur. 2).



JlnanazoHbT Ha OTYMTAHE HA JBETE M3MEPBAHU BeJMUMHU € choTBEeTHO B=0.01+-19.99 (uT) n
E=1+1999 (V/m).

W3BbpiieHn 0sixa U3MEpBaHUs HA TUIBTHOCTTA HAa MAarHUTHHS MOTOK Ha pasctosHus 10+120
cm OT TpaHcdopMaTopa.

[Tonydyenute nanHu ca nokazanu Ha ®wr. 3.

KakTo ce Bmwkaa ot urypara, 6e30macHa IUIbTHOCT HA MAarHUTHHS ITOTOK C€ PErHCTPUpa Ha
pascrosiare 90 cm oT TpanchopmaTopa.

Que. 2. Iloxazanus na ypeoa Benetech GM3120 na pazcmosnue 10 cm om

mparncgopmamopa.
(HT) H3MeHeHHe Ha ILTBTHOCTTA HA MArHUTHHA IMOTOK
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Que. 3. Hzmenenue na nremnocm Ha nOMoOKd HA MAZHUMHOMO NoJie 8 3a6UCUMOCH OM
PAaA3CcmosiHuemo om mpanc@opmamopa.
bezonacnama nremuocm na macnumnus nomok e 0.2 uT.

W3pbpuienn Osixa W M3MEpBaHWS HA MHTEH3UTETAa Ha EJIEKTPUUYECKOTO IOJieé Ha CHIINUTE
pa3CTOsHMUSL.

Ha ®wur. 4 ca mokazaHu cpeHUTE CTOMHOCTH Ha MOJIYYCHHUTE PE3yJITaTH MpPHU U3MEPBAHUS B
pa3CTOsIHUE HA HAKOJIKO JTHU.
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Due. 4. Usmenenue na unmenzumema Ha eleKkmpudeckonmo noJie 8 3a8UCUMocm om
epememo Ha usmepeane.

2.2. HU3cneosane enuanuemo Ha memnepamypama Ha mMpaHchopmMamopHoOmo Macio 8bpxy
npoyeca Ha omoesiHe Ha 2a308e O He2o.

Nzcnenpanero ce mposeae npu um3nonsBane Ha 500 g TpanchopmaropHO Macio mMapka -
1500. HarpsiBaHeTo Ha MaclIoTO ce OCHIIECTBH Ha BOIHA 6aHs 10 Temneparypa 60 °C.

Ta3u Temmeparypa ChOTBETCTBAa Hail — TOYHO Ha HOMHHAJHATa pabOTHA TeMmepaTypa Ha
TpaHdopmaTopa.

(A
Que. 5. M3mepsane Ha KOAULECMBOMO HA OMOeNeHume 0m MAclomo 2a306e C
eazananuzamop OXYBABY 6.0 02/CO2.

C momornra Ha ra3 ananusatopu, moaenu OXYBABY 6.0 02/CO2 (®wur. 5) u GASMET
NAUTIZ X7 ce xoHCTaTHpa OTICIISTHETO HA Ta30BE B OKOJHATA arMocdepa - BBITICPOICH
OKCHJI, CEPHU CHhEMHCHUS, a30THH ChEIMHCHUS KaKTO U JAPYTH ra30Be.

bsixa monydeHH CIeIHUTE pE3ysTaTH 3a KOJMYECTBOTO HA OT/ACJICHHUTE ra30Be: BBHIJICPOJCH
muokeun (CO; ) - 10 3 %; Beruepoaen okcua (CO) — mo 2 mg/Nm?; BeriiepoeH aucyindua
(CS; ) - mo 8 mg/Nm?; azoren auokcua (NO, )- mo 2 mg/Nm?; metan (CH, ) - 1o 1 mg/Nm?.
Hsikou oT mosyueHuTe pe3ysitaTu ca nmokasanu Ha Owr. 6.

@ue. 6. Pesynmamu om anaius Ha 0moeieHomo KOIUUeCmseo 2a3ose om Maciomo
npu HazpseaHe.



H3Boau

Cnen HampaBeHUTE W3CIEABaHUS, Ha 0a3a MOTYYCHHTE PE3YITaTH OT HU3MEPBAHUATA, TPU
M3MOJI3BaHE Ha cepTU(UIMpaHa H3MepBaTeliHa amaparypa Ce€ YCTaHOBH HAJMYMETO Ha
HN3JIbYBAHC HAa OCHOBHH Bpel[HI/I CMHUCHH, BJIIMACIIN Bpry CBbCTOSHUECTO Ha aTMOC(bepaTa 148
O30HOBUSAT CJIOM, TaKWBa KaTo: BBIVIEPOACH JABYOKHC;, CEpPHH CBHEAMHEHUS, Aa30THH
CBCAMHCHUS.

YcraHOBH ce M HaJWM4We Ha E€JICKTPOMArHUTHH HW3IBYBAaHUSA OT TpaHchopmaTopa, KOHWTO
HpeBI/IH_IaBaT I[OHyCTI/IMI/ITC HOpMI/I 34 )KUBUTC OpFaHI/ISMI/I nu HpCIICTaBJISIBaT BpCIICH d)aKTOp Ha
paboTHaTa cpeaa Mpu NPOABIKUTEIICH MPECTOM B )KHIJIUIIHU U OHUC CTPaIH.
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