['JTABA TPETA
3.1. 'eneparopuu npeoOpa3yBaremnu.
2.3.1. TepMoenekTpudecKky mpeodpasyBaTenn /TepMOIBONKN/

TepMoenexkTpudeckure mpeoOpasyBaTenn ca pa3pabOoTeHH BbB3 OCHOBa Ha edekra
TEPMOEJTIEKTPUUECTBO, OTKPUTO B Kpas Ha MHHamus Bek oT Enunyc. ToBa sBieHue ce
3aKJIl0YaBa B CIIEAHOTO: aKo BBB Bepura, ¢wur.2.2.1., cbCcTosima ce OT JABa Pa3Iu4HU
MPOBOJIHUKA CBBP3aHU TOMEXKIY CH B ToukuTe 1 M 2, HapeueHH paboTeH M CcBOOO/ICH
Kpaii, HarpeeM eJlHa OT Te3H TOYKH, TO BbB BepHUrara Ile ce MOsBU €.1.H. HApEUYeHO TEPMO
€.I.H., KOETO € NPOMOPIMOHAIHO Ha pasiMKaTa MEXIy Temmeparypure B T.l. u T.2.
TakaBa TepMoOelleKTpUUYECKa BEpHUTa, ChCTOAIIA C€ OT JIBa Pa3IMYHU IPOBOJHHUKA, CE
Hapuya TEpPMOJIBOMKA.

3a a uMa €IHO3HAYHOCT MEXAy HM3MepBaHaTa TeMIeparypa M HM3XOJHHUS CUTHAJ Ha
npeoOpa3yBarensi, € HEOOXOAMMO TeMIleparypara Ha CBOOOJHUTE Kpaulla Ha
TEpPMOJIBOMKATA /1a c€ MOIbprKa MOCTOSIHHA, TOraBa

ETD:f(tp)_f(tO)_C:f(tp) ,2.3.1.
ToBa ypaBHEHHe € 3aerHano B OCHOBATA HA TEPMOEJIEKTPUUECKHUTE Pe0dpasyBaTelIy.
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2 CBBP3BaHE HA U3MEPUTEIHU
YpeIu KbM TIX
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XapakTepucTUKaTa Ha TEPMOJBOMKHTE Ce 3acHeMa IpH TemIepaTypa Ha CBOOOJHHTE
Kpauilla paBHa Ha HyJa 0C. 3aroBa MpU U3I0JI3yBaHE HA TEPMOJIBOMKHUTE 3a U3MEPBaHE
Ha TeMIleparypa, cBOOOJHUTE U Kpaulla TpsOBa Jla ce MOCTaBsAT B cpella ¢ TemIeparypa
paBHa Ha 0°C. ToBa craBa KaToO ce MOTOMNSAT CBOOOJHUTE KPauIa B ChJ C TOIISUI CE JIE].
To3u HaYMH HE € MOAXOMMAI 32 LIETUTE Ha aBTOMAaTUYHHUS KOHTPOJ. B To3u ciydaii ce
U3MOJI3yBaT yCTPOWCTBA 32 aBTOMATUYHO KOMIIEHCHpAHE BIMSHHMETO HA TeMIeparypara
Ha cBoOojHMTE Kpaumia. Karo mpumep 3a eIHO TakoBa KOMIEHCHPAIIO YCTPOHCTBO,
MoraT Jia ce 1moco4yaTr KOMIEHCAlUOHHUTE CXEMHU, KOMTO Ce U3MOJI3YyBaT MpPU U3MEpBaHE

Ha TeMIeparypa TIOCPEACTBOM TEPMOJBOWKAa W IMUPOMETPUYEH MUIMBOJITMETHD
/pur.2.3.2./.



m! ®wur.2.3.2. KomneHcupariio
YCTPONCTBO MPHU TEPMOIBOUKHUTE.
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TpuTe CHIPOTUBICHUS HA MOCTA ca U3PA0OTEHH OT MAaHTAHWH, a YETBBPTOTO OT MEJ| MU
Huken /R1/. ToBa ChIIpOTHBIIEHUE CE TOCTABsI B HEMOCPEICTBEHA OJIM30CT 10 CBOOOIHUTE
Kpauilla Ha TepMoOJIBOMKaTa W UWMa cbliara temneparypa. C HU3MEHEHHE Ha
TemmepaTypata Ha CBOOOJHHTE Kpaulla ce M3MEHs U TeMmIeparypara U Ha
cerpotuBieHueTo Rrp. Thi KaTo ocTaHamuTe CHOPOTUBICHHUS ca TeMIepaTypHO
HE3aBUCUMH, TO MOCTa ce paz0alaHCHpa U TOJy4YEHOTO HaIlpekeHHe Ha JedanaHc ce
CyMHpa WJIM U3BaXJa CbC CHUTHaJa OT TepMmojBoikara. [lopaau HenuHeilHOCT Ha
XapaKTePUCTUKUTE HAa TEPMOJBOMKUTE MbJIHO KOPUTHUPAHE HA TPEIIKaTa OT MPOMsHA Ha
TeMIleparypara Ha CBOOOIHUTE Kpaullla € HEBb3MOXKHA.

Henocrarbk Ha ommcaHuss METOJA 3a KOMIIGHCHpaHE Ha TpenikaTa, OT HpoMsHa Ha
TeMmIepaTypaTa Ha CBOOOJHUTE KpauIlla, € He00X0AUMOCTTa OT U3TOUYHHUK 3a 3aXpaHBaHE
Ha MocTa. OCBEH TOBa, MPOMSHATA HA HAIIPEKEHHUETO 3a 3aXpaHBaHE HAa MOCTA BOJAU J0
TPEIIKH MPU H3MEPBAHETO.

Hpyr wmeTtox 3a ompenensHe Ha JCHCTBUTENIHATa CTOWHOCT Ha M3MepeHaTa ¢
TEPMOJIBOMKUTE TeMIIepaTrypa, € 4pe3 BbBEKIAHETO Ha MONpaBb4eH KoeduiueHT. Tazu
KOpEKLIMs MOXXe Ja ce IpecMeTHe KaTo C€ M3M0J3yBa XapaKTepUCTHKaTa Ha
tepmojBoiikata /¢pur.2.3.3/. Heka to ma e temmeparypara Ha CBOOOTHHUS Kpail, a t -
u3MepeHarta temieparypa. Crenctsue Ha ToBa, ye to+(0°C, moka3zaHusiTa Ha ypena Iie
obnat AE u e choTBETCTBYBAT Ha Temmnepatypara At . [lonpaBkarta e Ob1e:
N=t-t :AtL ,2.3.2
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Kpaero x ce Hapuya mompaBbuyeH koepurmeHT /k=0.8-0.95 3a TepMonmBoiiku oOT
omaropoanu metanu u k=0.5-0.6 3a TepMOIBONKHM OT HEOIATOPOTHU METAIH/ .

TepMmoenekTpuueckure mnpeoOpa3yBaTesid ce M3MOJI3yBaT TIJaBHO 3a H3MEpBaHE Ha
temneparypu. Karo 3a wusmepBane Ha Ttemmneparypu g0 1000°C ce wusmonsysar
TEPMOJIBOMKM OT HEOIaropoJHU MeTaH, Haii-uecTo OoT Mej-komen. [Ipu n3mepBane Ha
temrieparypu Haa 1000°C nmo 1500°C ce wm3mon3yBaT TEPMOJBOWKH OT OJaropoaHu
METaly, IUIaTUHA-TUIATUHO-UpUIui. 3a u3MepBaHe Ha Temneparypu Han 1500°C ce
U3MOJI3yBAT TEPMOJBOMKHU OT TEPMOYCTOMYHUB MaTepHUal.

XapaKTepI/ICTI/IKI/ITe Ha Hail-uecTo H3IO0JI3YyBAHUTEC TepMOﬂBOfIKH ca JaacHHUu B Ta6J’II/IL[a
2.3.1.

Tabmuma 2.3.1.

HaumenoBanue Ha Tepmo e.n.H. PaboTHa Temmneparypa
TEpPMOJIBOMKaTa to= 100°
to=0 MIPOABIDKUTETHOCT Ha KpPaTKOBPEMECHHO
m3mepsane.’C n3mepaane, ‘C

IUTATHHOMPH IUH-TIIIATHHA 0.43 1400 1600
MeI-KOmen 0.75 350 500
KETSI30-KOTIeI 5./5 600 800
XPOM-KOTIEN 6.9 600 800

XpOM-amyMen 4.1 1100 12500

IIpu n3mepBane Ha TeMneparypa ¢ TEpPMOJBOMKH YECTO C€ Hajara U3MEpUTEIHUS arnapaT
Jla cé HaMupa Ha 3HAUUTEIHO pa3CTOSIHME OT TOYKaTa Ha u3MepBaHe. ToBa Hamara
yIbIDKaBaHEe Ha MPOBOJHUIMTE CBBP3BALlM TEPMOJBOIKaTa C amapara. Y IbIDKEHUTE
NPOBOJHUIM TpsiOBa Ja OBJAT OT ChIIMS MaTepHall, OT KOHTO ca u3paboTeHu
TEPMOJBOMKUTE WM Ja ca OT APYr Marepuall, HO 3aJbJDKUTENHO Ja OTroBapsT Ha
YCIIOBHETO 32 TEPMOEIEKTPUUECKA UACHTUYHOCT. Y IBIDKUTEIHHA MPOBOAHMUIIM OT APYTH
MaTepualii Cce MW3MBJIHABAT IpPH TEPMOABOMKHTE OT OJaropogHu MeTaid. 3a
TE€PMO/IBOMKUTE OT HEOJArOpOAHH METaM YABDKUTEIHUTE MPOBOJHUIM CE MPABIT OT
MaTepHala Ha eJIEKTPOJUTE. 3a MO-TojsiMa I'bBKABOCT T€ €€ MPaBsAT MHOTOKUYHHU.

B cinygante korato € HeoOXOIMMO Jia ce U3MEpBa pa3iiMKara B TeMIlepaTypara Ha JBE
cpenu ce U3Mnoi3yBar audepeHnnaTH TepMoaBoKH /ur.2.3.4a/. Te npencTaisBaT JBe
TEPMOJIBOMKHA CBBpP3aHM MPOTHUBONOCOYHO. Ilpw wu3MepBaHe ¢ AMQEPEHIHATHU



TECPMOCJIICKTPUICCKHN TCPMOMETPHU € HeO6XOI[I/IMO Ja C€ 3HaC TCMIICpAaTypara Ha €aHa OT
HU3MCPBAHUTEC CPECaN.

C men ga ce MOBHIIM YyBCTBUTEITHOCTTA HAa TEPMOEIEKTPHUECKUTE TpeoOpa3yBaTen ce
M3IOJI3yBaT HAKOJIKO TOCIIEIOBATEIHO CBbP3aHH TepMOIBOMKHU /ur. 2.3.4.6/.

C’bH_[eCTBeHI/I npeauMCTBa Ha TepMOHBOﬁKHTe ca: IIpocCTo YCTpOﬁCTBO; JIMIICa Ha
JAOIIBJIHUTCIICH U3TOYHUK Ha 3aXpaHBAHC, MaAJIKU Fa6apI/ITI/I; BB3MOXHOCT 3a U3MCPBAHC
Ha BUCOKHU TCMIICpATypHu U OP.

B cpaBHeHue ¢ TepMOCHIPOTUBICHUSATA, TEPMOABOMKUTE HMMAT MO-MAIbK TOIUIMHEH
KalamuTeT, I0-Majka WHEPTHOCT, IMO-MaJKU pa3Mepd Ha YyBCTBUTEIHHUS €JIEMEHT.
OcBeH ToBa IPU TEPMOJBOMKHUTE JIUIICBA CHIIECTBYBAIIIOTO MPU TEPMOCHIIPOTUBICHUSATA
3arpsiBaHe OT MPOTHUYALIMS MTpe3 TSIX TOK. ToBa € ChIECTBEHO MPEIUMCTBO, 0COOEHO MpHU
M3MEpBAaHE HA HUCKU TEMIIEPATYpH.

HepnocTarbsim Ha TEpMOJBOWKHTE Ce SBABAT HEMHEHHOCTTA Ha MpeoOpa3oBaTeIHaTa UM
XapaKTEePUCTUKA, HUCKUSAT K.IL.J., HEOOXOIUMOCTTa OT KOMIICHCUPAaHE Ha TeMIleparypara
Ha CBOOOIHUS UM Kpai U Jp.

3a u3MepBaHe Ha JUHAMHYHO H3MEHSIIH CE€ TEMIEpaTypH C€ H3IOJI3yBa CIICIUATHH
MaJIKOMHEPIIHOHHH  TEPMOJBOMKM € MalbK TOIUIMHEH KamaluTeT W  Majka
BpPEMEKOHCTaHTa. Te ce MpaBAT OT THHKH €JICKTPOJM M CE H3IMOJIByBaT Oe3 3alluTHA
0OBHUBKA.

®ur.2.3.4. Hudepennuanes  Tan
TEPMOIBONKH
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2.3.2. ®doToeneKkTpuuecky mpeodpasyBaTenn

JeiictBueTo Ha (oToenekTpuueckuTe npeodpa3yBaTed Ce OCHOBaBa BBPXY edekra
(doTOCIEeKTPUIECTBO, 3aKII0YABAIl C€ B MOSBATA HA EIEKTPUYECKH TOK IPH WHTCH3HBHO
CBETJIIMHHO OObUBaHE HA HAKOU IOJTYIIPOBOJHHIIH.

OtkpuBaneto Ha (oToedekra ce npku Ha pyckus yueH A.I'.Cromneros /1888 r./, koiiTo
dbopmynHpa 1 OCHOBHUTE 3aKOHU Ha TO3M €(PEKT.



B TexHMuyeckuTe M3MEpBaHUS CE U3MOJBYBAT TPU THUIA (POTOETEMEHTH: (OTOCTIEMEHTH C
BBHIIIEH (doToedekT /poTokneTku, ¢ur.2.3.5./, doroenemenTu ¢ BbTpemeH (Goroedekt
/@orocenporuBnenus, ¢ur.2.3.6./ u BeHTWIHH doToenementu, ¢ur.2.3.7. 3a
NPaKTHYECKOTO HM3MOJI3YBaHE HA OTACIHUTE (OTOCIEMEHTH, B M3MEpUTENHATA TEXHUKA
ca Ba)KHU CIIETHUTE XapaKTePUCTUKU:
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1. CBeroBa XapakTepUCTHKA, TS OMpEAEs 3aBHCHUMOCTTAa MEXAy (OTO-TOKa U
WHTEH3WBHOCTTA Ha CBETIMHHOTO JTh4yeHue. ChriacHo 3akoHa Ha CToseToB, GoT-
TOKa € MPaBONPONOPIIMOHATICH Ha WHTEH3UBHOCTTA HA CBETIMHHHS TOTOK /TIPH
MOCTOSIHEH CIEKTPaJIeH ChCTaB Ha IMTOTOKA/.

2. CrekTpaiaHa XapakTepUCTHKA, OMpENeNs 3aBUCHMOCTTa Ha (OTO-TOKA OT
IBDKAHATA HA CBETJIMHHHUTE BBJIHU. TpsOBa ma ce wMma TpeABHI, Ye
U3IIOJI3YBAaHETO Ha (OTOENEMEHTH B KOMOHMHAIMSA CBhC CHOTBETHO MOAOpaHU
CBETOWITPH, OCUTYpsSiBA BHCOKA UYYBCTBHTEIHOCT Ha (OTOoeleMeHTa B
HEoOXOoIMaTa 4acT Ha CIIeKThpa.

3. YecToTHA /MHEPIIMOHHA/ XapaKTEPUCTUKA, ONIPEIeNs rojieMUHaTa Ha (hOTOTOKA
OT YecToTaTra Ha U3MEHEHNE U WHTEH3WBHOCTTA HA CBETIMHHUS MTOTOK. BHHIIHUSA
¢doroedekT HacThIBA MNPAKTUYECKM MHIHOBEHO, CJI€[l OCBETSABaHE Ha
MOBBPXHOCTTA HAa (POTOCIIEMEHTA, T.€. MOKE Jla ce MpuemMe 3a "0e3 HHepIuoHeH".
ObGaye B HIKOM CiIlydal BTOPUYHHTE SBJICHUS BB3HUKBAIIM B pEAULA
(doToeneMeHTH, MOpaXAAT HHEPHHOHHOCT Ha (Qortoroka. TakoBa sBieHHE €
KOHCTAaTUPAHO MPHU (POTOCHIPOTHBICHUSATA U BEHTHIIHUTE (DOTOCIIEMEHTH.

4. BontaMmnepHa XapakTEpPHCTHKA, ONpPENeNs 3aBUCUMOCTTAa MEXIY (OTOTOKA H
MPUII0KEHOTO HANpeKeHUe /TpH 33/1afieHa MHTEH3UBHOCT HA CBETIMHHHUS MOTOK/.
OtnenHute (OTOENEMEHTH, HMMAaT pa3IMYHU TPAHWUIM 32 H3MEHEHHE Ha



HAIPEXKEHHETo, OOYCIOBEHHM OT BB3HMKBAHETO HA CaMOCTOSITENICH pa3ps] Ha
(dboToenemMeHTa.

5. TemmneparypHa xapakTepucTuka. [loBullleHHEeTO Ha TeMmrmeparypara BOJU 10
yBeInuaBaHe Oposi Ha OBbp3UTE €JIEKTPOHHM, a CIEIOBATEIHO U JI0 YBEJIHYEHHUE HA
($OoTOTOKa M M3MEHEHHE Ha CIIEKTpaHaTa XapaKTEepUCTHKA Ha (OTOEIEMEHTA.
[Ipu Temnepatypa npeBuIIaBaiia onpezeneHa CTONHOCT, pa3IuyHa 3a OTACITHUTE
TUNOBE (POTOCNEMEHTH, IOCICAHUTE PSA3KO HM3MEHAT (POTOETEKTPUUYECKUTE CHU

CBOICTBA.
D
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6. YMopa Ha QoToeneMenTa, U3pa3sBaiia ce B M3MEHEHHE Ha XapaKTePHCTUKUTE
Ha (OTOeNEeMEeHTa B 3aBHCUMOCT OT BpeMeTo My Ha paborta. BbB Bpb3ka ¢ ToBa, 3a
MPaKTHYECKOTO W3MOI3yBaHE Ha (OTOCIIEMEHTHUTE € BaXKHO Jla Ce 3Hae
W3MEHEHHETO Ha CBETOBUTE MY XapaKTEPUCTHUKH IO BPeMe, KaKTO M ONTUMAITHUS
PEKUM Ha eKCIIOATAIIHS.

doroeneMeHTUTE C BhHIIEH (oToedekT OMBAT BaKyMHHU W ra3oHambiHeHHU. [lo-romsmo
pasnpocTpaHeHUEe ca HaMEpUJIUM BaKyMHHMTE C KHCIOPOAHO-IIe3ueBH Karoaud. Ha
¢ur.2.3.8 a ca mMokazaHW CBETOBHUTE XApPAKTEPUCTHKU Ha (HOTOCIEMEHTH BAaKyMEH M
razoHanbjHeH Tuil. KakTto ce BukAa OT NMPUBEACHUTE KPHUBHU, IMPOMOPLHOHATHOCTTA
MEXTy (OTOTOKA U CBETIMHHHS MOTOK CE 3ama3Ba caMo MPHU BaKyMHUTE (HOTOCIEMEHTH,
IIOPaay KOETO T€ Ca HAMEPWIN MO-TOJIIMO IIPUIIOKEHHE OT Fa30HAIbIIHEHUTE.

3a mo-mpaBwiIeH M300p Ha (OTOENEKTPUYECKH TpeodpasyBaTed € IMo-yaoOHO na ce
U3II0JI3YBa 3aBHUCHMOCTTa MEXIY (OTOTOKAa M TPWIOKEHOTO HANpEKEHUe, T.€. BOJT-
amnepHaTa xapakrepuctuka. Ha 2.3.80 ca majenu npuBeeHUTE KbM €IUHHIIA CBETIIMHEH
MOTOK, KPUBHU 32 IPOMHUIIJICHH TUTIOBE ()OTOCIIEMEHTH.

Kpusure nokasanu Ha ¢ur.2.3.8, XxapakTepusupar caMo CTaTHYHATAa YyBCTBUTEIHOCT Sy,

Ha ¢otoenemenTa. [Ipu padora Ha doToenemenTa moa ToBap Ry TpsOBa ma ce otuuTa u

JMHAMUYHATA YyBCTBUTEIHOCT Pg KOSTO € paBHA Ha:
SCL)

P, =——
¢ 1+&

1
KbIACTO Ri, € BbTPCIIHOTO CHIIPOTHUBJIICHUC HA Q)OTOCHCMCHTH.
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@wr.2.3.8. XapaKkTepuCcTUKH Ha (OTOCTIEMEHTH.

Bakymaute ¢oroeneMeHTH pabOTAT MPaKTHYECKH OE3MHEPIMOHHO. BbmpockT 3a
WHEPTHOCTTA TPU Ta30HANBIHEHUTE € OT CBINECTBEHO 3HAaYCHHE, OCOOCHO IpHu
U3II0JI3YBAHETO UM 3a U3MEpBaHE Ha OBpP30 MpOMEHALIH ce mpouecH. Onura 1mokassa, ye
IpU Ta30HAIBIHEHUTE HW3MEHEHHETO Ha (OTOTOKAa M30CTaBa B CPABHEHHUE ChC
CBETJIMHHUS MOTOK, T.€. T€ MPUTEXKaBAaT U3BECTHA HHEPTHOCT.

Wuepuusta Ha Ta30HATBIHEHUTE (DOTOCIEMEHTH ce OOSICHSIBA C MaJllKaTa MOABMKHOCT Ha
MOJIOKUTEITHUTE WOHHM, KOUTO OOyclnaBAT Toka Ha (OTOENeMEeHTa, ThH KaTo 3a
npeMecTBaHeTO Ha Te3u (oHM e HeoOXoauMo u3BecTHO BpeMme. (CrenoBaTenHo
MHEpLHUATAa HA ra3oHANbJIHEHUTE (OTOENEMEHTH B 3HAUYMTEIHA CTENEH IIe 3aBUCH OT
INPUJIOKEHOTO HarpekeHue. He3aBucumo, ye mpu ra3oHaIrbJIHEHUTE, YyBCTBUTEIHOCTTA
€ OKOJIO MeT-IIeCT MBTH MO-TojisiMa B CpaBHEHHME C BaKyMHHUTE (DOTOEIEMEHTH, 3a
u3MepuTelHaTa TEXHUKa TpsAOBa Ja ce mpeamnouyura BropaTa rpyma. OcBeH TOBa
TeMIepaTypHaTa YCTOWYMBOCT Ha Ta30HAIBbJIHEHUTE (DOTO-EJIEMEHTH € MO-Majka, KOeTo
ce sIBsIBa OIIIE €IHO OIPAaHUYUTEIIHO YCIOBHE.

dotoenemMeHTHTE ¢ BbTpelIeH (oToedekT MpUTekKaBaT MOBUIIEHA MPOBOIUMOCT, KOSITO
ce TopakJa OT BB3JCHCTBUETO HA JIBUUCTATA €HEPrHsl, MPeAU3BUKBAIIA HE CaMO IOsBa
Ha MBPBUYHU EJIEKTPOHHU, OCBOOOKIABAIM HEMOCPEICTBEHO KBAHTH JTHYMCTA CHEPTHUSA,
HO W OT BTOPUYHUTE €JICKTPOHHU, BH3HUKBAIIHM B PE3YJITAT HA B3aUMOJCHCTBUETO MEXKITY
OBPBUYHHUTE €JIEKTPOHH W KPUCTAJIUTE Ha TNOJIYNPOBOIHWKA. B pesynrar Ha TOBa
YYBCTBUTEITHOCTTa Ha  (OTOCHIPOTUBIEHHSITa €  3HAYUTENHO  MO-BHCOK  OT
YYBCTBUTEITHOCTTA Ha (OTOENIEMEHTUTE C BhHIIEH (hoToedexT. Brrpemmnusat Goroedext
Haif-100pe € u3pa3eH NpU HIKOW MOJYIPOBOJHUIIM KAaTO: CEJEH, CepeH Kalluii, CepeH
OMCMYT | JIp.

q)OTOC’LHpOTI/IBJ'ICHI/IHTa Ca CUJIHO MHCPTHU U HCIIPUTI'OAHH 3a U3MCPBAHC HAa JUHAMHWYHO
HU3MCHAIIM CC IMPOLCCH. MmMatr HEenocTOSIHHH XapaKTCPUCTUKN U CUJIIHO CC BJIUAAT OT
HU3MCHCHHUCTO HAa OKOJIHATA TCMIICpaTypa.



Bentunaure (oToeneMeHTH TpU HMHTEH3UBHO OOJIbYBAHE CHC CBETIMHA CE SBSIBAT
M3TOYHUIM Ha eNeKTpuiecku Tok. OT Ta3u TielHa TOYKa Te TpsiOBa Ja ce OTHecaT KbM
rpyrnara Ha FeHepaTOpHHUTE.

Hanpexenuero, KoeTo ce mojiydaBa Ha M3X0/1a Ha BEHTHJIa KMa MUHUMAJIHA CTOMHOCT U
TPYZHO MOXKE Jla Ce H3I0J3yBa B HM3MepuTelHaTa TexHuUKa. Ho ako OT BBHIIEH
TOKOM3TOYHHUK C€ MOAAJe eJ.HalpeKeHHe U TO ¢ 0OpaTHA MOJSPHOCT Ha BB3HUKHAJIOTO,
BBB (POTOKIJIETKATA HACTHIIBA IPOOUB U UYBCTBUTEIIHOCTTA M C€ YBEIMYABA JIECETKU MIBTH.

OT Te3u POTOETEMEHTH HA-TOIAMO MPHIIOKEHUE Ca HAMEPHIIU CEJICHOBUTE BEHTHIIN, HO
Ce WU3IOJIBYBAaT OMIE€ M CEPHO-TAIMEBM U CEPHO-CpeObpHHU. UyBCTBHUTEIHOCTTa Ha
BEHTWJIHUTE (DOTOETEMEHTH MOXe Ja nocturHe 8 mA/Lm, Karo MakcMMallHaTa UM
YYBCTBUTEIHOCT C€ MpOSBsBA NPU CBETIIMHHO OOJBbYBAHE C MO-TrojisiMa JIBDKMHA Ha
BBJIHATA.

doToenekTpuUeckuTe Mpeodpa3yBaTesld Ce H3MOJI3yBaT 3a HM3MEpBaHE Ha PaszIHYHU
HEEJIEKTPUYECKU BEIMYMHU, CBBP3aHHU ChC CBETIMHHO M3MbuBaHe. OCHOBHO MOTar Jia ce
pa3nenar Ha JBe rPpyIu.

KeMm mppBara rpyma ce orHacAT (DOTOENeKTpHUYECKHTe MpeoOpasyBaTelil, B KOHTO
¢doToToKa ce ompenens OT CBETIMHHUS MOTOK 3aBUCEI OT CBOSI CTpaHa OT M3MEpBaHaTa
HeeJIeKTpHUYeCKa BEJINYMHA.

KbM BTOpara rpyna ce oTHacaT (OTOENEKTpUYECKH MpeodpasyBartenu, padoTeny B
PEKUM TPU KOUTO POTOTOKA HE € PYHKIMS HAa H3MEpBaHATa BEJIHMUMHA.

KbM doroenexktpuyeckure npeodpasyBareian OT IbpBa Ipyla Ce MOCTaBAT W3MCKBAHUS
3a CTAaOMJIHOCT Ha XapaKTEpUCTHKATa BbB BPEMETO M OT BB3JEUCTBUETO HA CTPAaHUYHU
¢dakTopu KojebaHue Ha 3aXPaHBAILIOTO HANPEKEHUE, IPOMSIHA Ha OKOJIHATa TeMIlepaTrypa
u ap. KeM BrOpara rpyna Takua U3MCKBaHUS Ca U3JIMUILIHH.

OCHOBHHTE IIPUHLOUIIKX Ha TIMPUJIOXKCHHUEC Ha (bOTOCJ'ICMeHTI/ITe B Ka4YC€CTBOTO CH Ha
Hp606pa3YBaT€J'II/I CC 3aKIro4aBaT B CJIICAHOTO:

1. M3Tounnka Ha TpUKCTA €HEPrUs ce siBsiBa 00eKT Ha u3mepsane /dur.2.3.9/, a
CBETJIMHHMSI IIOTOK C€ OTIpaBsi KbM 4YyBCTBHUTEJEH QoroenemMeHT. [lonoOHu
CXEMH C€ H3ION3yBaT MpH (OTOETEKTPUYECKUTE W IBETHH MUPOMETPHU, KBAETO
WHTEH3WBHOCTTa Ha CBETIIMHHUS IMOTOK M CIIEKTPATHOTO W paslpeselieHue ce
ABsiBaT (DYHKIIHMS Ha U3MEpBaHATa TEMIIEPATypa.

2. CBeTIMHHUAT NOTOK IpPEeMHHaBa Npe3 00eKTa Ha M3CJEIBaHE M YAaCTUYHO Ce
MOTJTbIIA B 3aBUCUMOCT OT KOHTponupanarta cpema /¢ur.2.3.10/. Kom
npeoOpaszyBarenure  paboremd  Ha  HoAoOHa  cxemMa, Ce€  OTHAacAT
(bOTOCTEeKTPUYECKUTE KATOPUMETPH, H3IOJI3YBAaHU 3a KOHTPOJ Ha MPO3pavyHH
ra30BU WM TEUYHH CPEIIH.

3. CBeTMHHUAT NOTOK /¢ur.2.3.11/ ce oTpassiBa OT NOBBPXHOCTTA HA MALIMHHATA
4acT M TomaJa BBPXY (oToeneMeHTa, HHIYKTHpPaKH B HETrO0 IMOTOK.
OrtpakaTenHaTa criocoOHOCT Ha MeTallHaTa MOBBPXHOCT, 3aBUCH OT Ka4eCTBOTO U



CBhCTOSITHUETO Ha Ta3d TMOBBPXHOCT, a (OTOTOKAa ce sBsABa (YHKIUS Ha
KOHTpOJIUpaHaTa HeeleKkTpudyecka BenuunHa. [lo momoOHa cxema paboTsT
¢doroenekTpuyeckuTe mpeoOdpazyBaTeNy, U3MOI3YBaHH 32 U3MEpBAaHE M KOHTPOI
Ha IJIJIKOCTTa HA METATHUTE IIOBBPXHUHH.

4. TlocTpnBamusi KbM (POTOENIEMEHTa CBETIWHEH NOTOK, /¢ur. 2.2.12/, cpema
o0eKTa Ha M3MepBaHe, 3aKpUBaIll €JHAa YacT OT HErO W MPOMEHSI 110 TO3H HaYHH
ocBeTeHocTTa My. [lomoOHM mpeoOpasyBaTeny ce M3IOJI3YBAaT 32 W3MEPBAHE Ha
JTUHEWHN TpEeMeCTBaHus, ACOCIMHU Ha HUIIKK M JAp. Ta3u cxema Moxke Ja ce
U3IIONI3YBa | 3a paboTa Ha (HOTO-EIEMEHTUTE BBHB BTOpATa Ipyma, ako 0OeKTa Ha
W3MEPBAHETO, IIPH CBOETO MPEMECTBAHE, 3aKPHUBA YaCT OT CBETIMHHHUS MOTOK.
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énr.2.3.10 )
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dur. 2.312

dur. 2.3.141

[Tpunoxxenne Ha POTOCIEMEHTHTE.
2.2.5. IluezoenekTpuuecku npeodpasyBaTeiu.

JleiicTBHETO Ha MUE30ENEKTPUUYECKUTE TTpeoOpa3yBaTesld ce OCHOBaHA HAa CBOWCTBOTO Ha
HSIKOM JTUENICKTPUIIN Ja TeHepUupar €./1.H. IpH enacTudHa aedopmanus. Te3n maTepuanu
ce HapuyJaT Mue30eeKTpuiy. PasniuaBa ce npas u oOpaTeH nmue3oedeKT.

[IppBUAT nHe30eseKTpUYecK! e(eKT Mpe/ICTaBIIsABa M0sSBa Ha €JNeKTPUUYECKH 3apsiiu 10
MOBBPXHOCTTa HA HSAKOM JUENEKTPULN WM EJNEKTPUYeCKa MOJsIpHu3alus B TIX, MOJ
BJIMSIHME HA BHHIIIHA MEXaHWYHA cuiia win aedopmanus. [Ipu nmpemaxBane Ha BHHITHOTO
HaTOBapBaHe, JAMENEKTPUKAa BB3BPbBIIA ITbPBOHAYAIHOTO CH HE HAEIEKTPU3UPAHO
cberosiHre.  [logoOHM — OUeNneKTpulM ce Hapuyar mnue3oenekTpuiu. OOpaTHHUSAT
nue30e(eKT ce 3aKiIoyaBa B TOBA, Y€ B HAKOHM MHME30€IEKTPHUIIM, HAMHUPAIIN CE B CUIIHO
€JIEKTPOMArHuTHO T0JIe, Bb3HUKBA Jeopmanus. Te3u nue3oeneKTpULld ce HapruyaT olle



U CEerHeToeNeKTpuIu. Hail-cuitHO To3u eeKT € u3pa3eH B CErHETOBATa COJI, OTKBJETO T
HOCAT UMETO cH. Bojema pons B pa3paboTBaHETO HA TEOPUATA 32 CETHETOCIEKTPHUIINTE
npuHaanexu Ha KypuaToB v HerosaTa IIKOJA.

Haii-ronssMmoTOo TpHJIOKEHHE B H3MepBaTellHaTa TEXHWKAa B KA4eCTBOTO CH Ha
MHE30€NIEKTPUK € HaMepJT KBapiia. B Hero mmue3oenekTpu4ecKuTe CBOWCTBA, a Taka ChIIO
Y HE3aBHCHMA MTUE30€TEKTPUIECKA XapaKTEPUCTHKA B ITUPOKU TPAHUIIH.

EnemeHntapHaTta CTpyKTypHa KJETKa B KpHCTaja Ha KBapla MpeACTaBisBa HMIECTOCTEHHA
npu3ma /¢ur.2.3.13/. B kpucrana ce pa3nuyaBaT TpH TJIaBHH OCH; BepTUKaiHA Z-Z -
HapeudeHa onTuyHa, Xxopu3oHTalHa X- X HapeueHa eleKTpudHa U Y - Y MexaHUYHa.

AKO OT KpuCTajia ce U3pexe IUIaCTUHKA ¢ (hopMaTa Ha rapajelienuie]l U CTEHUTE a, B U C
ca ChOTBETHO YCIIOpPEJHHM Ha €JEeKTpUYHAaTa, MEXaHWYHaTa M ONTHYHAaTa OC M aKo
IJIACTUHKAaTa C€ HATOBapH IO TE3U OCH, ILIE CE KOHCTATHpa CIETHOTO: IpH JEHCTBUE Ha
TOBap MO eJleKTpu4yHata oc X-X KpUCTaja Ce€ HaeJleKTpu3upa Karo BEKTOpa Ha
MOJIApU3aLMATA e MMa MOocoKa Mo octa X-X T.e. Bb3HUKBA TaKa HapeueHUs HaIbKEeH
nue30eeKT. AKo MIacTUHKATa ce HATOBApH 10 MEXaHWYHATa oc Y-Y , KpUCTaja ChIIO
ce HaeNleKTPU3MpBa, KaTO BEKTOpa Ha MOJSpU3alUs € HacoueH Io-ocra Y-Y T.e.
BB3HHMKBA HanpedyeH nue3oedekT. AKO TIaCTUHKATa Ce HATOBapH 1Mo oc Z-Z B Hesl HE ce
KOHCTAaTUpAT eJIEKTPUUECKH 3apsjiu, IMOopaad KoeTo ocTa Z-Z ce Hapuda oIlle Hu
HEeyTpaJHa.
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| F ®wur.2.3.13. CTpyKTypHa KJIeTKa
| a Ha KBapIia.
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ToBa CBOMCTBO ce M3MON3YBa MPH MMHE30EIEKTPHUECKUTE TTpeoOpa3yBaTesn, KOUTO MOTaT
na ObJaT M3MBIHEHM C JBE MIIM HSKOJKO TOCJIEJOBATEIIHO CBBpP3aHU IUIaTMHU. Ha
¢ur.2.3.14. e mokazaH NMUE30EIEKTPUUYECKU Mpeodpa3yBares ¢ JABE KBAPIIOBU IJIACTHHH.
N3mepBaHoTO HaysiraHe JEHCTBYBa BBpPXY MeMOpaHnara 1, mpencraBisBaiia JbHO Ha
Kopiyca. KBapiioBute miacTUHU 2 ca NPUTHCHATH MeXAy MetanHute onopu 3. CpeaHara
omnopa € cBbp3aHa ¢ u3BojJa 4, MUHaBalll Npe3 HU3oJiallMoHHaTa BTynka 5. Kamaka 6 ce
CBBp3Ba C Kopmyca upe3 cdepara 7 W mpemaBa HAITAHETO BBPXY IUIACTHHHUTE
paBHOMEpHO, ©€3 KOHIIEHTpAallMW Ha HampexeHus. KpapmoBuTe IUIaCTHHH ca
pa3MoNIoKEHN Taka, ye MO Bepurara Ha M3BOJa Ja Ce MOJaBa OTPHUIATENICH MOTEHIIHAIL.
[TonmoXuTEeTHUTE 3apsiii Ce CHEMAT OT KOpITyca Ha mpeoOpazyBaTersi.
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¢wur.2.3.14. [TuezoenexTpuuecku npeodpa3yBares.
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[Tne3oenexTpudeckuTe mnpeodpasyBaTeNd ce U3MOJ3yBaT 3a H3MEpBaHE camMo Ha
JTUHAMUYHO M3MEHAIM ce mporecd. Te ca HemoaXOoAsIy 3a U3MEpPBaHE HA CTATUYHH
NPOIECH, ThH KaTO MHE30KPUCTaja Ce HM3TOIIaBa ObpP30 W ypena cTaBa HETOJEH 3a
yrnoTpeba. BbpXy TOYHOCTTa Ha W3MEpBAaHE C MHE30€ICKTPHUYECKH IMpeodpaszyBaTenn
BJIMSIAT: BAXKHOCTTA, TEMIIEPATypaTa, Mapa3suTHUTE MEXaHHYHHM HATOBAPBAHUS U JIP.

Brarara HamansBa uMIieanca Ha npeodpasyBarens. Ts Binse 0coOEHO CHITHO KOTraTo 3a
yCUJIBaHE HA CHTHAJIA CE U3IOJ3YBaT YCHIIBATENH C TOJSIMO BXOTHO CHIIPOTHUBIICHHUE.

TeMHepaTypaTa IMIpOMCHA BBTPCIIHUA HUMIICJAaHC u IIHUC30KOHCTAaHTaTa Ha
Hp606p83YBaT€J1$I. B ToBa oTHOIIEHUE KBapua € 3a HNpCANOYUTAHC IIPpEA OCTAaHAIUTC
MHUEC30CTICKTPULIH.

[Tapa3utHuTe MEXaHWYHU HATOBAPBAHUS JEHCTBYBAT IO PAa3JIMYHU HAIPABICHUS BBPXY
nue3onpeoOpazyBaress U NpeIu3BUKBAT IPOMSHA Ha CUTHAA.

C nue3oeneKkTpUuecKuTe MpeodpazyBaTeld ce U3MEpBaT CHIIM U APYrd TEXHOJOTMYHU
BEJIMYMHM, KOUTO MOTAT J1a ce mpeoOpa3yBaT B CHIIHM, KaTO TETJIO, HAIATaHE, YCKOPEHUE

u.JIp.

O6paTHI/I$IT HI/I€3OC(1)CKT CC U3IIOJI3YyBaA 3a B1336Y)K,Z[aH€ Ha MCXAaHUYHHU TPCITCHUA, KaTO CC
H3I10JI3yBa CBHCTOAHHUETO Ha PC3OHAHC. ToBa CBOMCTBO Ha IIHE30CIIEMCHTUTE HaMupa



IMPUIIOKCHUE 3a peaIM3hupaHC Ha TCHCPATOPU 3a YITPA3BYK, CT3.6I/IJ'H/ISI/IpaHe Ha
CICKTPUYICCKU CUTHAJIN U [Ip.

OCHOBHUM TIpeIMMCTBA Ha MHE30EJIEKTPUIECKUTE TIPeoOpa3yBaTeNid ca: BUCOKA CTOMHOCT
Ha THEe30eJIeKTpUYecKaTa KOHCTaHTa /BHCOKA UYYBCTBHTEIHOCT, BHCOKa TUEICKTPUYIHA
KOHCTaHTa/ BOJEIa JI0 HaMalsBaHE BIUSHUETO HA TMapPa3UTHUTE KaNaluTeTH;
HE3aBUCHUMOCT OT Temmeparypata/ go 200 °C 3ama3BaT NHE30CIEKTPUUYCCKUTE CH
kauecTBa, oT 200 mo 500°C Te ce WM3MEHAT HE3HAYMTEIHO, HAJl Ta3W T'paHUIa ObP30
HamansBaT u mipu 573 - 575°C - HambiHO TH 3aryOBatr/; BUCOKA MEXaHWYHA SKOCT,
BB3MOKHOCT 32 MOJTydaBaHe Ha IPeoOpa3yBaTeiy ¢ pa3indHu (HOPMH H JIp.

2.3.4. UaayKiMOHHU TIpeo0pa3yBaTeIy.

WHayKIIMOHHU ce HapuuaT npeoOpasyBaTeid, B KOUTO H3MepBaHaTa HEEIEeKTpHYecKa
BeIMYMHA ce TmpeoOpasyBa B  HMHAYKTHpaHo e.0.H. ChrlacHO 3akoHa Ha
€JIEKTPOMArHuTHATa MHIYKINS, HHIYKTUPAHOTO €.1.H., “1”’ ce ompenens oT CKOpOCTTa Ha
M3MEHEHHE Ha MarHuTHH MOTOK @ 1 3aBHCH OT Opos HAa HABUBKUTE HAa OoOuHaTa W, T.e.
[ = —wﬂ ,2.3.6.
dt
[Topagu KOETO WHIYKIIMOHHHUTE TMpeoOpa3yBaTeNid HEMOCPEICTBEHO MoraT Ja ce
M3MOJI3YBAT 32 U3MEPBAHE HA JIMHEHHH U BIVIOBU IPEMECTBAHMSL.

[To oTHOWIEHWE HA MPUHIIMIIA CH HA JEHCTBUE, MHAYKIIMOHHUTE MpeoOpa3yBaTed MOrat
Jla Ce pa3lesarT Ha JABE IPyIu:

[Ipu mpeoOpa3yBarenute OT mbpBara Tpymna /¢ur.2.3.15/ 6o6unata 1 e MexaHHMYECKH

CBBp3aHa ¢ U3CJIeBaHUs O0CKT Upe3 Bajia 2 U Ce MPEMECTBA OTHOCHO MOCTOSHEH MAarHUT
nuHelHo /¢ur.2.3.15 a/ wnum sraoso /¢ur.2.3.15 6/.
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©®ur.2.3.15. UaayknuoHHu mpeoOpa3yBaTemu.

[Ipu mpeoOpazyBaTtenuTe OT BTOpaTa rpymna, 60O0MHaTa ¥ MarHUTHAaTa CHCTEMa OCTaBaT
HETIO/IBY)KHHM, a TOJBM)KHA C€ sIBSBa YacTTa 3aKpeleHa ¢ M3MHUTBaHHS Bal. Ta3u gact
Moke na Owae mpwheTeH 2 /¢ur.2.3.16 a/ umm kotBa 2 /pur.2.3.16 6/ uzpaboreHu OT
(depoMarHuTeH  Marepual, W3MEHANIM TPU  CBOETO  JBW)KEHHE MAarHUTHOTO
CBIIPOTUBIICHHE HA CHCTEMATA.
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®wur.2.3.16. UnaykuronHu mpeoOpa3yBaTei.

[lpu mpeoOpasyBarenure B Ta3u Tpyna TpsOBa Ja ce NMPOMEHJIMBaTa CHCTaBAIla Ha
MarHUTHUS TIOTOK, a Taka CHIOI0 W IOBBPXHOCTHHA e(eKT Ha paslpelelicHne Ha
MarHUTHUS MTOTOK.

Haii-ronssmMoTo u3MeHEeHNe Ha MarHUTHUS IMOTOK, MOXKC ITPECMETHEC I10 (bOpMy.]'IaTa

AD = 1 al ,2.3.7.
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Kenero F e marmuromBmkemara cwia; Ry m /Ry + ARy/ - KpaliHM CTOWHOCTH Ha
MAarHUTHOTO CHIIPOTUBIICHUE.

B TaknB CJIyIIaI?'I aMIlIMTyaaTa ¢« HeﬁCTBHTeﬂHaTa CTOMHOCT Ha IpOMCHJIMBATa
CbCTaBJIsIBAIlla HAa IIOTOKA, T.C. HHAYKTUPAHOTO €.4.H. € paBHO CbOTBCTHO Ha:
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Kbneto ® e kpbroeara dectora Ha 3axpaHBamms Tok; W - Oposi HA HaMOTKUTE Ha
6o06uHaTa.

,2.3.8

3a Ja Cce TOBHUINM YYBCTBUTCIHOCTTa Ha WHAYKIIMOHHUTE TIpeoOpa3yBaTeld ¢
HEeoOX0MMO J1a ce yBeaudarT Oposi Ha HaBUBKHTE Ha OoOmHata. Ho mpum 3amaneHuTte
pasMepu Ha OoOMHATa, TOBa O3HA4YaBa HaMaJlIBaHE Ha JMAMEThpa HAa MPOBOJHUKA M
OBp30 HapacTBaHE Ha CHIIPOTUBJICHUETO HA MpeoOpaszyBaTelis. YBeTU4aBaHETO Ha Opos
Ha HABMBKUTE MPHU 3ala3BaHe Ha JUAMEThpa Ha MPOBOJHUKA BOJW 10 HApacTBaHE Ha
BB3/yIIHATA MEXIMHA, KOCTO II'BbK OT CBOSI CTpaHa HaMaJliBa CTOMHOCTTAa HA MarHUTHATa
uHAYKIHs. ONTUMATHASIT OpOoil HAaBUBKU MOXKE Ja CE ONPEACIH IO W3YHUCIUTENICH IThT.
[Ipu mpecmsaTaHeTo TpsOBa Ja CE OTYMTA W pEaKIUATa HA TIOJETO CbH3/aBaHO OT
0oOuHaTa. [lo BB3MOXKHOCT TOKBT Mpe3 OoOumHaTa TpsOBa aa ObJe MalbK, 3a Jia Ce
MOJTyYH TI0-MajIKa MHIYKIUS Ch3/1aBaHa OT HAMOTKaTa B CPaBHEHHE C Ta3W Ch3JlaBaHa OT
[MOCTOSTHEH MarHur.



B MuHHaTa NpOMHUILIEHOCT HaW-IMIMPOKO NPUIIOKEHHUE € HaMepui HHAYKIMOHHUS
natauk JIM-2, cbBEeTCKO MpOM3BOJACTBO. M3mon3yBa ce 3a M3MepBaHE Ha CKOPOCTH Ha
BEPHKHU U JIEHTOBH TPAHCIIOPTHOPHU.

WupykiponHuTe npeoOpasyBaTesy ce M3MOI3YBaT 3a U3MEPBAaHE HA JIMHEHHU U BITIOBU
CKOpOCTH M Ha BEJIMYMHHU, KOUTO ce IpeoOpa3yBaT B BIVIOBA WM JIMHEHHA CKOPOCT.
l'onsiMo mpuioXkeHue ca HaMEepHId MOCTOSHHOTOKOBUTE TaxoreHeparopu. M3moizysaT
Ce TJAaBHO TpU YMPaABJICHUETO HAa TOJEMHH ypel0M 3a M3MEpBaHE Ha CKOPOCTTa Ha
MOJIEMHUTE ChIOBE.

[TorpemHocTTa Ha MHAYKIMOHHUTE IpeoOpa3zyBaTelny ce€ JIBJDKM Ha HU3MEHEHHMETO Ha
OKOJIHAaTa TeMIEepaTypa, CTApEEeHETO Ha MOCTOSHHUTE MarHUTH, Bb3/IEHCTBHE HA BHHIIHU
1oJieTa, HeJIMHEHHOCT Ha mpeoOpa3oBaTeHaTa XapakTepuCcTuKa 1 JIp.



