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HoBoe nonyrogve, kak n 0XXMAanocb, NPUHECIO
Ham CUNbHOE pasoyapoBaHKe, KaK U BCEM U3aTENAM
YKkpauHbl, a B ewe 6onblieit CTENEHW - unTaTenam,
MOTOMY 4TO rOCymapcTBO CBOEW Wrpod B Hanorn B
OYepesHo/ pa3 NNUWKUIO0 Hac BO3MOXXHOCTM 4uTaTb
nobuMble raseTbl U XypHanbl. KOHEYHO, BbIFpan ToT,
KTO NOAMNMCANCA Ha rof Bnepep, - U Hanor He nnatun, u
XKypHan nonyyaer, a Te, KTO NPULIEN Ha MNouTy
MOAMUCaTbCA HA BTOPOE MONyrogue, yBUOENW HOBYHO
LLeHy ¥ NoLwnun Hasag HeconoHo xnebasLm.

A Temepb HaMm MpuUWIO M3BECTUE, YTO
rocynapCcTBo CHUMAET Hasor Ha MOAMWUCHYK MPeccy,
OQHAKO NOANMCKA Ha BTOPOE Monyrogue okasanacb
COPBaHHON. HMKTO HUYEro He BbiMrpan: naparenu - 6e3
MOAMUCYMKOB, unTaTenu - 6e3 »ypHanos, rocynapctso
- 6e3 peHer. BoT Tak rnynoctb HECKOSIbKUX COTEH
YNHOBHMKOB BbIXOAMT OOKOM MMIINIMOHAM XUTeNei
YKpanHbl!

Ho »un3Hb npopomkaercA, BP B nopnucke He
CTan [opoXe, a C BblYETOM Hanora Tenepb elle
nogelleseer. Tak yTo npurnawiante CBouMx Apy3en u
3HAKOMbIX B OTAENEHNA CBA3M NognucbiBaTbcA Ha bP
[0 KOHLA rofa, noka 3710 AELleBO U Noka elle yero-
HWOyOb He Cry4nnoch.

A xypHan y Bac 6yneT exxemecA4HO, Mbl Hapf,
atuM pabotaeM. Yxe cTanuM npuxogutb nepBble
OTKNMKM HA aHKETY, MOMELLEHHY0 B NPEAbIaYLLEM
Homepe. B koHue roga Mbl 06BbABUM TEMATUKY CTaTen
Ha 2005 . PepakTop leopruit YnbyeHko



MeTannouckarenu

1. Kparkoe onucaHue npuHuunos paboTbl MeTannouckarenemn

MpuHumn pabotbl MmeTasnnonckarena Ha 6uennax win BFO (Beat Frequency
Oscillation) no 3anapgHoV TEPMWUHONOMMM OCHOBAH Ha CPABHEHWUM PA3HOCTM YaCTOT MeXay
obpa3uoBbiM 1 nouckoBbiM LC renepatopom. M3mepAemMbiM napaMeTpoMm ABMAETCA
yactota LC reHeparopa, BK/OYAKLLEro KaTyLIKy NOMCKOBOW ronoBku. B 3aBucumocTu ot
TOro, 06 EKT U3 KAKOro MeTanna (YepHbIA/LBETHOW) HAXOAMTCA BO3/1e NONCKOBOW roNIOBKM,
yacToTa MOMCKOBOrO KOHTYpa MOHMXAETCA MAW COOTBETCTBEHHO MOBbILWAETCA. YacTota
CPaBHWBAETCA C 3TaSIOHHOW YacTOTOM OMOPHOrO reHeparopa, M MoslyyeHHaA pa3HOCTHaA
yacTota 6MeHU BbIBOQMTCA HA 3BYKOBYHO (BU3yasNbHY0) MHAMKALMIO. CXEMOTEXHUKA TaKMX
npubopoB [oCTAaTOMHA MPOCTa, MOMCKOBAaA KaTywka He TpebyeT npeum3noHHOro
ncnonHenuA. Pabouaa yactora 40...500 k. 310 camble npocTble 1 gelesble npubopsbl. K
HepocTaTtkaM Takux npuBopoB MOXXHO OTHECTU HEBBLICOKYH) YyBCTBUTENbHOCTb, HU3KYH
TEMNEePaTypHy0 CTabubHOCTb, HEBO3MOXHOCTb OTCTPOWKM OT MUHEpPasM30BaHHOO
rpyHTa.

Merannouckaresm tuna yactoromep unv FM (Frequency meter) noABMANCL HEOQABHO
1 06bIYHO [EenalTCA Ha OCHOBE MUKPOKOHTPONSEPOB. M3MeHeHue YacToTbl MOMCKOBOMO
KOHTYpa OMpefenAeTcA He Ha CnyX, a C MOMOLLbI MporpamMMmbl, 3afIOKEHHOW B
Mukponpoueccop. 310 6onee 06bekTMBHbIA MeTod, Yem BFO, kpome TOro, Takue
MeTannouckarenn obnaparT HamHOro 6Gonbluei YyBCTBUTENBHOCTLIO W pasnuyaroT
LIBETHbIE W YepHble MeTansbl.

PesoraHcHble metannonckaresm tuna O/R wav PLL (No 3anagHoi TEpMUHONOriu),
B KOTOPbIX aHanuM3upyembiM napameTpoM ABNAETCA aMNUTyAa CUrHana Ha Karyllke
konebatenbHOro KOHTYpa, HAaCTPOEHHOro 6IM3KO K pe3oHaHCy C MOAABAaEMbIM Ha Hero
curHanoMm ot reHeparopa. [loABfeHue MeTanfna B NOMe KaTyLKU BbI3bIBAET WK
LOCTWXEHWE PE30HAHCA WU YXO[, OT HEro, B 3aBUCUMOCTH OT BUAA MeTanna, Yto NpusoauT
K YBEJTMYEHUIO NN YMEHbLUEHUIO aMnnuTyObl konebaHu Ha KaTyLlKke.

Mertannounckarenm ¢ Hudkou pabo4yes Yactotou (B 3apybexHon TepmuHonorun /B
Induction Balance, wnu VLF - Very Low Frequency) - camblil COBEPLUEHHbIA TWM
MeTansiouckarena B HactoAwee BpemA. o 3ToMy nNpuHLMNY NOCTPOEHO OOJbLUMHCTBO
"OnpMeHHbIX" NPUMOOPOB  CTOMMOCTBKO OT HECKOSIbKMX COTEH B0 HECKOMbKMX ThiCAY
ponnapos. PMHUMN OCHOBAH Ha aHanuse amnauTydbl curHana B NPUEMHOW KaTyLuke
MOWCKOBOW rOSIOBKM M (PA30BOro CABWUra MeXmy CUrHanoM B MNepeparowenn u npuemMHomn
Katywkax. [pu oTcyTcTBUMM BOAM3M MOMCKOBOW FONOBKM METANIMYECKNX OOBHEKTOB
amnuTyna curHana B NPUEMHOM KaTyLLke MUHUMASIbHA, @ (ha3oBblid CABMI cocTaBmAeT 0°
unn 90°. Tlpu MOABNEHUN METANINYECKOro 0BbeKTa aMmnuTyaa curHana B MpUeMHON
KaTyllke yBenuuusaetcA, a asoBbli CABUI W3MEHAETCA B 3aBUCUMOCTM OT
NPOBOAMMOCTM MeTanna (YepHbli, LBETHOM). OTO NO3BOMAET NPOU3BOAUTL BbIOOPOUHYHO
ANCKPUMWUHALLMIO MeTasnioB (p,ame oTnnYyaTb pasHble LIBETHbIE MeTaJ'IJ'IbI), OTCTp0I7IKy oT
rpyHTa 1 nouck nyctot. MoXXHO Takxe "OTCTpouTbCA" OT METaNNMYECcKoro Mycopa tuna
MUBHbLIX NPOBOK U CUrapeTHON PONbrin C MOMOLLbKO BCTPOEHHOTO KoMMbloTepa. Tpebyert
NPELM3NOHHOIO M3roTOBNEHUA U HACTPOKU NMOUCKOBOW rOSIOBKM.
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MeTannouckarenu

B umnyrnibeHbix MeTannonckaresiax i Pl katyLlika noMckoBOW rofIOBKW He ABJIAETCA
yacTbto konebatenbHOro KOHTypa. B Hee OT 3anyckatowlero reHepatopa MOQAETCA
UMNYNbCHBIA CUrHan. AHanu3MpyembiM NapameTpoM ABJIAETCA BPEMA OKOHYaHUA
NepexofHoro npouecca B 93TOWM KaTywke (MONOXEHMe 3agHero poHTa umnynbca
HanpAxxeHuA). OTAMunTENbHBIMU YepTaMmn 3TOr0 METOAA ABMAKOTCA: HM3kaA paboyan
yactota cnegosaHuA wumnynbcoB (50..400 Tu), 6onbwoe notpebrneHue sHepruw,
HEUYBCTBUTENIbHOCTb K FPYHTY, HE OYEeHb XOPOLUEE pacno3HaBaHWe METanN0B, OLHAKO
Takve npubopbl He TPebytoT MEPUOAMYECKO MOACTPOWKWU. MeTannbl 3t npubopbl He
pasnuyaroT, Ho "ObloT" paneko (pasa B pBa ganbilie, vyem npubopbl, pabortatolime no
npuHuuny FM). HesameHumbl npu pabote Ha CUNbHO MUHEPanU30BaHHOM FPYHTE, Ha
NpUOBPEXXHOI NONOCe 1 NOA, BOLOM, T.K. 0CNABNAT BIMAHUE BOAbI.

[pubopbi ¢ pasHeceHnem nepenaroLLesn n npnemHov karylwek wiv T/R. B npubopax
3TOr0 TMMa NepeparoLLme 1 NOUCKOBbLIE KaTYLLKW pa3HeCceHbl Ha 60MbLIoe paccToAHue (0T
1 0o 200 m). Mprbopbl oTnmMyaroTcA 60MbLLION rNYBUHOR NoUcKa U HEYYBCTBUTENIbHOCTHIO K
MEeNKUM npeaMeTam (MOHETbI, FBO3AM).

Metannonckatenn tina "nuHNONHTEP" - ManeHbKMe W 4acTo He3aMeHuUMble
NMOMOLLHUKW WCKaTenen [paroueHHOCTEN WM MOHET. [MMHNOWHTEp - 310 npubop ¢
HE6O0NbLUMM NMOUCKOBBLIM KOSIbLLOM, KOTOPbIM MOXXHO 6bICTPO HaliTU MOHETY WK KOMbLO B
Kydye 3eMnn unu necka. BpyyHyro 310 OTHUMAET ropasno 6osbLue BPEMEHH.

2. Tunbl cepunHbIX KnapouckarenbCckux npubopos

[Mpnbopbi A Ha4nHaKLNX

Mpmbopbl ANA HAYNHAIOLLMX NPEAHA3HAYEHBI B OCHOBHOM AJ1A PELLEHNA HECTOXHbIX
MOUCKOBBIX 3afa4y. JT0, Kak nNpasuio, AuHamuyeckue BapuaHtsl TR/VLF, T.e. npubopsl,
TpebytoLLme HenpepbIBHOrO ABVXEHMA NOUCKOBOMN FOSIOBKM.

[nHamMuyeckuin NpUHLMN UMEET CRnegyroLye NpeMMyLLEeCTBa:
- aBTOMaTU4eCcKan OTCTPOoViKa OT "cpepHero” rpyHTa,;
- KpaiiHe NpocTaA HaCTPoWKa, OCyLLecTBAAeMan no dhopmyne "BkYUn 1 nowen";
- Bcero 1...3 opraHa ynpasfeHnA (FPOMKOCTb, YyBCTBUTENbHOCTb, YPOBEHb
LUCKPUMUHALMK);
- MPOCTaA CXEMOTEXHMKA, NPUBOAALLAA K YAELIEBNEHMIO N BbICOKOWA HAAEXKHOCTY
npubopa.

K uncny HepoCTaTkoB MOXXHO OTHECTH:
- YMEHbLUEHWE YyBCTBUTENBHOCTY MO CPABHEHWIO CO CTaTUYECKNMU Npubopamu;
- HETOYHYIO NloKanM3auuo 06bekKTa;
- YMEHbLUEHWE YyBCTBUTENBHOCTY UMM NOABMIEHNE NOXHbLIX cpabaTbiBaHUA NPU NOUCKE Ha
CNOXHbIX rpyHTax ("4yepHbi necok", "ropAune kamHu" u ap.).

lpubopei cpenHero knacca

OnAa atmx npubopoB XapakTepHbl BbICOKAA YyBCTBWTENBHOCTb U XOPOLUAA
paspewarowan cnocobHoCTb. OHWM MOryT KOMMNIEKTOBATbCA HECKONbKUMWU CMEHHbLIMM
MOWCKOBLIMW TONIOBKAMW Pa3nNMYHOro AuMameTpa (MHorga OBasibHbIMU). Konnuectso
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MeTannouckarenu

OpraHoB yrnpasfieHUA OOX0AMT A0 8, npouepypa MX HacTponkn Tpebyer onpepeneHHoro
HaBblka W BJMTCA HECKONbKO MWHYT. Tak, Hanpumep, pyvyHaA OTCTPOMKa OT rpyHTa
3aKtoYaeTcA B TOM, 4TOObl BpALLEHMEM COOTBETCTBYHOLLErO perynAtopa AobutbeA
OAMHAKOBOrO HayanbHOr0 curHana npu MOQHATOW WM OMYLWEHHOW K 3emJie rOJSioBKE.
OnckpuMunHauma B Takux npubopax 06bI4HO MHOTOCTYNEHYaTaA ¢ BO3SMOXHOCTbH) MOMCKa
Bcex metannos (All Metal). YnpaBneHvne pONONHAETCA KHOMKOW ObICTPON MOLCTPOMKM B
PYKOATKE MAK Ha Kopnyce.

KomnibrotepnanpoBaHHbie npnbopei

KomnbtoTepuanpoBarHble npubopbl 6epyT Ha cebA Tak HasblBAEMOE MPUHATUE
peleHMA O XapakTepe Haxogkn. 3TO0 BO3MOXHO 6narogapA WCNOSb30BaHUIO
MUKponpoueccopa B cxeme npubopa.  OTAMYUTENIbHBIMU  OCOBEHHOCTAMM
KOMMbHOTEPU3NPOBAHHBIX MPMOOPOB ABMAETCA HAMMUWNE XKUOKOKPUCTANNIMYECKOrO SKpaHa
(wnn cTpenoyHoro nHavkatopa). BBOA AaHHbIX A1A MOMCKA OCYLLECTBAAETCA C MOMOLLbHO
9KpaHHOr0 MEHI0 U HECKOSIbKUX KHOMOK. B nmamATM npubopa 3anokeHo HECKOSbKO
nporpamm LA Noucka B pasfiMyHbIX YCNOBUAX: HA MNAXE, B Napke, B 3gaHNAX U T.4. [pu
noucke nogobHbIM NPMBOPOM ANA KaXKOOW HAXOLKU U3MEPAKOTCA aMNAnTygHO-gha3oBble
XapaKTEPUCTMKM CUrHana, Yto no3BOMAET OCYLLECTBUTb KacCuuKkaumio Haxooku. Yacto
npubopbl caMu MPOBOAAT KnaccubukaLuuio, BbiAaBaA Ha 3KpaH WM Ha CTPENOYHbINA
WHAMKATOP pesynsrar. KonmyecTso rpapaumii USMepeHHoro napametpa BapbupyeTca oT 8
po 190, uto no3sonAeT Nogobpartb 1 BBECTU B NaMATb Npubopa co6CTBEHHYIO NporpamMmy,
[OCTATOMHO TOYHO OTBevarlLytd Bawmm notpebHOCTAM MpW MOMCKE B KOHKPETHbIX
ycnosuAx. Takum 06pa3om, Bbl MO XenaHuo MOXETe YCTaHOBUTb NHOBYO Cxemy
OTCEeNBaHWA HeXenaTtesbHbIX Haxo#oK. B crnyyae Haxooku MOHETbI MAW WHOMO MENKOro
npegmeta npubop aBToMarnyecku onpepenAet rnybuHy Haxooku, NOKasblBaeT 3HaYeHue
rnybvHbl Ha 3KpaHe U JaXe MOXET COOOLWMTb CUMHTE3NPOBAHHLIM FOfIOCOM 3HAYeHue
rnybuHbl B oronmMax.

[pnbopsi An1A novcka caMopoaHoro 30/107a

MckaTb camopogHoe 30510TO0 CNOXKHO. [eno B TOM, YTO npu oBHapyxeHwun 3o5ota
yHuBepcanbHoiMn TRNVLF npubopamu, Menkue yactuubl 3TOro mMetanna moryTt ObiTb
NPWUHATEI NPMBOPOM 3a KPYMUHKK YEPHBIX METANOB 1 He 06HapyXmnBaTbCA. Kpome 3Toro,
BbIXOAb! 30/10Ta YacTO COMPOBOXAAKTCA "YepHbIM NMEeCKOM", COpepXKallMm MarHeTuT, a
TakXke CWIbHOW MuHepanu3auuen rpyHTa. OAnA pabotbl B Takux ycnosuAx, paboyan
yacToTa cneunanunaupoaHHoro npubopa yeenunumsaetca go 18...70 kI, n npuMeHAKTCA
3NANNTUYECKNE MOWUCKOBBLIE MONIOBKMU. Takne MOgMULMPOBaHHbIE MMMYSbCHbIE NPUBopbI
NO3BOJIAOT OYEHb PE3YNLTATUBHO UCKATb MENKWME 30M10Thle M3LENWUA WM MX 4acTu Ha
NNAXax 1 MENKOBOAbAX B NpnbonHoi nonoce.

lNoasoaHsie npnbopsi

MopBogHble Npubopbl BbIAEPXMBAKOT NOrpy>keHne Ha rybuHbl fo 90 M, a Takxe
CNOCObHbI MCKNOYaTb BAWAHWME CONEHOM WAKM MPECHOW BOAbl kak cpedbl moucka. B
6onblUMHCTBE NOABOAHBIX NPUOOPOB UCNOL30BAH UMMYNLCHbIA UHAYKLUOHHBLIA NPUHLLAM,
YTO CYLLECTBEHHO YMEHbLUAET BJWAHME BOAbl, BAAXHbIX M MOKPbIX FPYHTOB Kak
3M1EeKTPONpPOBOAALLE cpefbl Ha nouck. [Npubopbl 3TOr0 Knacca asTOMAaTUYECKM

L,I BnokHot “Pagioamatopa” Ne 7



MeTannouckarenu

HacTpauBaltTCA Ha M3MEHEHWe OKpYXalwLux YCNoBWA (MUHepanu3auuA MouYBbl,
CONeHoCTb BoAbl U T.4.). OAnA yBenuyeHuA rnybuHbl oBHapyXeHuA MCnosnb3yeTcA
UMNYNbCHLIA cnocob nocTpoeHwA npubopa. 3T Npubopbl HE HYXXOATCA B Py4HOM
MOACTPOIKe, OOHAKO pasnuyeHue METannoB y HUX He Bcerga TouyHoe. Bce nopsopHble
npnBopbLI MOXXHO UCNONL30BATbL U ASIA MOUCKA HA BO3MyXe.

TnyburHbIe NpubopsI

MmybuHHble npubopbl WCNONL3YKTCA Of1IA Noucka MpegMeToB C naowanbo
nosepxHocTh 6onee 400 KB. CM. YBenuueHue rybuHbl noucka OCyLLEeCTBNAETCA 3a CYET
pasHeceHuA MNOCKUX Mepeparolleid U NPUMeMHON KaTywek B NpoCTpaHCTBe. KaTyLiku
0CPOPMJIAOTCA B [1BE NMOWUCKOBbIX FOSIOBKU, XKECTKO COEAMHEHHbIE APYr C APYrOM LUTAHION.
Mpu aTOM opHa Katywka B pabouem nonoxeHun npubopa pacnonaraetcA napaniesibHo
MOBEPXHOCTUN 3eMKn, ApyraA NneprneHanKynApHo. Pasmepbl KaTyLiek npuMepHo 25 x 40 cM.
OpnHa 13 KaTyLek UsnyyaeT AnekTpoMarHuTHble konebanua ¢ yactotoi 12...82 kI, opyran
NPUHUMAET OTPaXKEHHbIA curHan. 3t Npubopbl He pasnuMyaroT MeTannbl U He pearupyoT
Ha Menkue npeaMeTbl Ha HebonbLoi rnybruHe, NOITOMY MEeSIKUn METaNNIMYECKUin Mycop
HE MELLIAET MOUCKY.

Kakoi knapouckarenbckuin npubop Bbibparb?

PeanbHaA rnybuHa obHapyxeHWA NOO3EMHOr0 npeaMera C  NOMOLLbHO
MeTannoncKarena 3aBncuT OT pasmepa npegmerta v raybuHbl ero saneraHua B 3emse, Ot
TWNa NOCTPOEHMA N MOLLHOCTW MEeTannonckarens, ot BeNNYnHbI NMOUCKOBOW KaTyLUKu 1 OT
CTENEHN MUHepanu3aLmnmn, MexaHmyeckoro CocTaBa U BNaXKHOCTU NOYBbLI MK UHOW cpedbl
rowvcka.

Mokynaa knapouckatenbCckuid npubop Brepsble, crefyeT usberatb Kak CWLLKOM
[eleBbiX Mopenen, Tak u poporux npodeccuoHanbHbix npubopos. [elesblin, cnabo
YYBCTBMTENbHBIA NpMbOp MOXET He onpaBpate Baww oxupgawwA, a poporown
KOMMNbOTEPU30BaHbIi Nnpubop Bam 6ynet CnoXxHO 0CBOUTD.

3. MpocTbie MeTannouckKarenu

3.1. MpocToit MeTannonckarenb Ha ABYX TpaH3MCTOpax
MpuHumn pabotbl MeTannouckarena - Ha bueHwAx. FeHepatop meTannouckarena
BbINONMHEH Ha TpaH3ucTope VT1 no cxeme emKOCTHOW Tpextouku (puc.1). Yactota

reHeparopa 3aBUCHT

OT eMKOCTU KOHEH- [I]jzh R4 e L « il
catopos C1..C3 u i i I s v e‘l
WHOYKTMBHOCTW Ka- | T e

Tywku L1. Mpu an-CQTR'ZZ e a0 ca10 .

6nvKEHMM KaTyLIKN KNV La v t Q)ﬂzz
MeTannuyeckomy 21 r T 2000 5
NPeAMETy  MHOYK- Lps 0% v 2w -1 o
TWBHOCTb €€ U3MEHS- [/[]""‘ - o T o [’P:,‘u a
eTCA - YBENNUMBAET- 3300

cA, ecnu Mmetann Puc.1
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deppoMarHuTHbIA, HanpuMep Xeneso, U YMEHbLLAETCA, ecniv MeTas LBETHOW - Mefp,
natyHb. [OnA peructpaumum M3MEHEHMA 4acTOTbl CAYXWT Kackag, cobpaHHbIl Ha
TpaH3ncTope VT2. 3T0T reHepatop, TaKKe BbINOAHEHHbIA MO CXeME EMKOCTHON TPEXTOUKM.
YacTtoTta ero 3asucut or emkoctit C4...C6 1 MHOYKTUBHOCTY L2 1 HE HAMHOIO OTNMYaEeTCA
OT 4acToTbl NepBOro reHeparopa. Hy)XHyt0 pasHOCTb 4acToT NoabuparoT NOACTPOEYUHbIM
CepheyYHnKoM KaTyliku. Kackan Ha VT2 coBmelaeT B cebe Takxe oyHKLUIO OeTeKTopa,
BbIOENAIOLLEr0 CUrHanm HU3KOW 4acToTbl M3 MOCTynmawwmx Ha 6asy TpaH3ucTopa
BbICOKOYACTOTHbIX KonebaHuin. Harpy3kon getektopa ABNAKTCA rofoBHble TeiedoHbl BF1;
koHgeHcarop C1 - 6noK1pPOBOYHBIN.

KonebatenbHblii KOHTYP NPUEMHMKA WHOYKTWBHO CBA3AH C KOHTYPOM reHepartopa,
MO3TOMY B KOJNEKTOPHOW Lenu TpaHauctopa VT2 npoTekaroT TOKW C 4acToToii obomx
reHepartopoB, a TaKXe TOK Pa3HOCTHOM YaCTOThl, MHAYe roBOPA, 4YacToTbl bueHnA. Ecnm, K
npumMepy, 4actota OCHOBHOrO reHepatopa 460 kli, a yacTtota reHeparopa npuemMHuKa
459 K[, TO pa3HOCTHaA YacToTa cocTaBut 1 K. JTOT cUrHan u cnbilleH B TenedoHax. Ho
CTOWUT NpuUbnM3uTb NOUCKOBYHO KaTyliKy L1 K meTtanny, Kak YactoTa 3Byka B TenecpoHax
M3MEHUTCA - B 3aBMCMMOCTM OT BMAA MeTasna oHa Wnm NoHU3NUTCA, UK CTaHET BhILLe.

TpaH3ncTopbl MOXHO MPUMEHUTb repMmaHueBble Tuna
M401..M403, TT308 unu KpemHuesble Tuna KT361b6,I, wnu
KT31076...K. BeicokoomHble TenedoHbl Tuna TOH-1 unn TOH-2. nA
MOBbILEHWA TPOMKOCTU WX ChefdyeT BKNOYaTb napaniesbHo.
Pesuctopol - MJIT-0,125, C2-23-0,125 wnu aHanoruyHble,
koHpeHcatopbl - KITC nnn KM-4...KM-6.

Karywka L1 npencraenAer cobon NPAMOYTOSbHYKO pamky
pasmepamu 175x230 MM, cocToALLyo 13 32 BUTKOB nposoga M3B-2

0,35 unu MN3MNLLO 0.37.
KoHCTpykumMA Katywku L2 nokasaHa Ha puc.2. B pgByx

] O6YyMaXKHbIX LMAVHAPWYECKUX Kapkacax 6 pasMeLLeHbl OTPesKM
Puc.2 CTEPXXHA anameTpoM 7 MM 13 cpepputa 400HH nnm 600HH: opmH (1)
Kil £SsALXT A ct2 A kxik LNuHHON 20...22 MM, 3aKpenJieHHbIRn
] NocToAHHO, Apyroi (2) 35...40 Mm
(nopBMXHBIA - [pNA  NOACTPOMKM
KaTyLLKK). Kapkachl 06epHyThI
6yma)KHOM neHTON 3, MOBEpPX KOTOPOM
HamoTaHa kaTywka L2 (5) 55 BuTKOB
nposoga MOAJILLO (MoxHo M3B-1 unm
MNoB-2) pnametrpom 0,2 mMMm. BbiBoppl
KaTylWKW 3aKpenyieHbl pPe3MHOBbLIMYU
Koneykamu 4. WCTOUHUKM NUTAHWA -
y  TPuonementa AA unn AAA.

40

Yeosip)Lie? TpaH3ucTopbl, KOHEEHcaTopbl M
60 PE3MCTOPbl CMOHTMPOBAHbI Ha nare
- Puc.3 - (pwnc.3) 13 n3onALMOHHOrO Martepuana.
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MeTannouckarenu

Mnaty coepuHAOT C KaTywkamu, 6atapeeit NWUTaHuA, BbIKMKOYATENEM U PA3bEMOM,
MHOrOXWIIbHBIM MPOBOAOM B M3onAuMW. naty u octanbHble fJeTanu pasmeLLarr B
nNacTukoBoM pytnApe pasmepamu 40x200x350 mm. Katywky L1 npukpennAloT Ko gHy
dyTnApa, a BHYTPU KaTyLLKU HA paccToAHUM 5...7 MM OT e BUTKOB Pa3MELLLaoT KaTyLLKy
L2. PagoM C 9TOW KaTywkoWm KpenAT nnaty. Pasbem u BblKfUaTenb NPUKPEnnAoT
cHapyXu K 60koBoii cTeHke doyTnApa. Ceepxy K PyTNAPY KPenAT (KenatefibHO Ha KIeko)
LEepeBAHHYIO UK NAACTUKOBYHO PYYKY ASIMHOM OKOSO 1 M.

HanaxusaHue meTannounckatena HauMHalT C W3MEPeHUA PEeXUMOB paboThl
TPaH3NCTOPOB. BKNHOUMB MuTaHWe, W3MEPAIOT HanpAxeHue Ha amuttepe VT1 - OHO
LDOMKHO 6bITb 2,1 B. TOYHO 9TO HanpAXeHue ycTaHaBnMBaOT nopgbopoM HomuHana
pesuctopa R2. 3ateM M3MeEpPAKOT HanpAXKeHue Ha amutTepe VT2 - OHO BOMKHO ObiTh 1 B
(yctaHaenueaetcA nogbopom pesuctopa R4). MNocne 3Toro MeaeHHbIM NepeMeLLeHnem
MOACTPOEYHOr0 CEepAeYHMKa KaTyLuKn L2 nobmsatoTcA NOABNEHWA B FONOBHbIX TeneoHax
FPOMKOrO YMCTOrO 3BYKA HU3KOW YacToThl. [Mpnbavxan K NOMCKOBOW KaTYLLKE KOHCEPBHYHO
6aHKy, (OUKCUPYIOT HAaYano U3MEHeHNA TOHa 3ByYaHuA. Kak npaenio, 310 NPOMCXOAMUT Ha
pacctoAHun 30...40 cm. bonee TOYHOW NOQCTPOMKOWA 4acTOTbl BTOPOro reHeparopa
pobusarotcA HambonbLUen YyBCTBUTENBHOCTM Npubopa.

3.1. MpocToin TpaH3MCTOPHBIA MeTanoncKaresb Ha GueHnAx

3HaunTeNbHbIN 3dD- VT1..VT3 - 2N2924
EeKT B  MOBbILLIEHUM ca C5
. _ C12-15 820 15 g R5 0-1vA

4yBCTBUTENBHOCTM (MO |
CpaBHeHU0 C  npefbl-
fylwed cxemoit) paeT i
1
|
1
1

|

____\_{;____,
Q >
I—T—Hﬂ

=

npumeHexHne  ctabunb- ﬁ 1404680 | B
HOTO KBaPLEBOTO reHepa- -y- i c3 b 5

£ /| R1 R2
Topa. 5100[’:|1K 3,9k

ONEeKTPOHHbIA  Me- =
Tannouckarenb, MpPUHLM- s ¥ +:J= 560 *T 81/
nuanbHaA Ccxema KoTo- |-
c7 Cc8

poro npueepeHa Ha Puc.4 100MK 100omk B19B
puc.4,  cocTouT 3 128 128

M3MEpPUTENBHOIO reHeparopa, cobpaHHoro Ha TpaHaucTope T1, u BydepHoro kackapa -
3MUTTEPHOrO NOBTOPUTENA, COBPAHHOrO Ha TpaHsucTope T2, paspeneHHbix keapuem Ka1
OT MHOMKATOPHOrO YCTPOWCTBA - AeTeKTOpa Ha auope 2 ¢ ycunutenem nocTOAHHOMO TOKa
(YNT) Ha TpaHsuctope T3. Harpyskon YMT cAyXut CTPenoyHbIn
npunbop C TOKOM MOJSIHOTO OTKNIOHEHMA 1 MA.

Bcnepcteue  BbicOKOW [0OpPOTHOCTM  KBapua Mmarneiwwve
M3MEHEHMA YacToTbl M3MEPUTENLHOMO reHeparopa 6yoyT NPMBOAMUTbL K
YMEHbLLEHMIO MOSTHOrO COMPOTUBAEHNA NOCNEAHEro, Kak 3T0 BUAHO 13
o . ™ XapakTepucTuku, NpuBeSeHHON Ha pUc.5, a 3T0 B KOHEYHOM WUTOTe - K

pes

Puc.5 MNOBbILLEHNIO YyBCTBUTENTIbBHOCTA npméopa.
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MeTannouckarenu

Mepen nouckoM criegyet HacTpPOUTb FEHepaTtop Ha 4acToTy napanfiefibHoro
pesoHaHca keapua, paBHyto 1 MI. 3OTa HAcCTpoWka MPOM3BOAWTCA KOHLEHCATOPOM
nepemeHHoi emkoctn C2 (rpybo) M nopcTpoeuHbIM koHpeHcatopom C1 (TOYHO) B
OTCYTCTBMM OKOJIO MOWCKOBON pPamKu MeTasMYecKux npeaMeToB. B paHHOA cxeme
KBApLEBbIA PE30HATOP ABMAETCA OJMEMEHTOM CBA3N MEXOY W3MEPUTESIbHON |
WHAMKATOPHON YacTAMM yCTpoiicTBa. Ero conpotnBneHme B MOMEHT PE30HaHCa BESINKO.
MoaToMy MWUHUMANbHOE NOKasaHue CTPEenoYHoro npubopa CBUAETENLCTBYET O TOYHOM
HacTponke ycTpoicTea. YyBCTBUTENbHOCTL nNpubopa perynumpyeTcA MNepemMeHHbIM
pesuctopoM R8.

OcobeHHOCTbIO YCTPOICTBA ABMAETCA KOMbLieBaA
pamka L1, wu3rotoBneHHaa u3 oTpeska kabens.

npogeprmeaetcA 6 BWTkoB nposoga Twuna M9 0,1-0,2
pnvHon 115 MMm. KOHCTPYKLMA MOMCKOBOM KaTyLUKU W
NOPALOK BbIBOJOB NOKasaHbl Ha puc.6. TakaA pamka
obnapaeT BbICOKON [,OOPOTHOCTLIO M XOPOLLMM 3NEKTPOCTATUUECKMM SKPaAHOM. XKECTKOCTb
KOHCTPYKUMWN pamKku obecneunBaeTcA pasMelleHneM ee Mexgy ABYMA AuUcKamn U3
nnacTuka, TEKCTONUTa UK reTuHakca puameTpom 400 v TONLLMHOW 3...7 MM.

B npubope moryT 6biTb MCNoNb30BaHbl: TpaHauctopbl KT3156, KT31026...4;
crabunutpoH tuna KC156A; gwop tuna 9 ¢ nobbiM 6ykBEHHBIM MHAEKCOM. YacTota
KBapLLEBOro pesoHaTopa MOXeT ObiTb B MHTepBase yactor ot 900 kI, go 1,1 M. Kabenb
ucnonbayetcA Tuna PK-50. ("Radio-Electronics" 11/67 )

3.3. Metannouckaresnb Ha OBHOW MUKPOCXEME

. Metannouckarens, NpUHLMNK-
g [‘Io%’."v“ 4L 98 ajbHAaA CXeMa KOToPOro n3obpaxeHa
L T—==o" - Ha puc.7, cobpaH BCEro Ha OQHOM
L, 700 MUMKpOCXeMe — Tuma  K176MM2
0014 (K56111M2, K1561J1M2). OguH 13 ee
7780 = == 58 T; A e anemeHTtoB (DD1.1) ncnonb3oBaH B
- 001 ki7enn2 X 06pas3LoBoOM reHepartope, Apyron
(DD1.2) - B nepecTpaMBacmoM.
) KonebatenbHelii  KOHTYp 06pasuo-
BOro reHeparopa coctont n3 L1 n C1,
C2, a nepecTpaMBaemoro - u3
'--1 cs [ o7 Puc.7 MOMCKOBOW KaTylkn L2 1 KOHAEH-

T catopa C4. lepBbli KOHTYP nepe-
CTpaunBatoT nepeMeHHbIM koHgeHcatopom C1, BTOPON KOHTYp - nogbopomM emkocTn C4.

Ha anemenTe DD1.3 BbINONHEH cMecuTenb KonebaHuin 06pa3LoBoil 1 NepemMeHHON
yactotr. C ero Harpysku (mepemeHHoro pesuctopa R5) curHan pasHOCTHOW 4acToThbl
noctynaer Ha Bxof, DD1.4, a ycuneHHoe UM HanprXXeHne 3BYKOBOW YaCTOTbI - HA FONIOBHbIE
TenedoHbl BF1. Mpubopom MoxxHO 0bHapyxutb MoHeTy 5 kon. (CCCP) Ha rnybuHe po 60
MM WU KPbILLKY KaHanu3awmMoHHoro konogua Ha rnybuxe go 0,6 m.

@
I
L)
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MeTannouckarenu

3.4. Metannounckarenb Ha AByX MUKpOCXeMax

3ameTHO 6onblUeil  YyBCTBMTENLHOCTbIO, YeM npegbigywiune, obnapaer
MeTannouckarens, cobpaHHbin MO Cxeme, NpuBeOeHHOR Ha puc.8. B atoin cxeme B
KayecTBe CMecuTenAa M ycunutena konebaHuin pasHOCTHOW yacToTbl npumeHeHa VIMC
K118YH1[. Ob6pasuoBbli M NepecTpamBaeMblil reHepaTopbl 3Toro npubopa MAEHTUYHLI,
BbinosiHeHbl Ha DD1.1, DD1.2 n DD2.1, DD2.2 cootBeTCTBEHHO. AnemeHTsl DD1.3 1 DD2.3
- 6ycbepHble. O6pasLoBbIii reHepPaTOP HACTPaMBAKOT Ha 3afaHHYH YacToOTy NEPEMEHHBIM
KoHpeHcaTtopoM C1, nepectpavBaemMblin - nogbopom emkoctun C2.

Kaxgbln 13 atmx R1 150k
MeTannouckartenemn
(puc.7, 8) cMoHTMpOBaH
Ha neyatHoi nnate w3
(PONbrMpoBaHHOro CTekK-
NOTEKCTONWUTA TOMNLLUHON
1,5 mMm. B npubopax
UCNOSb3YHOT: PE3nCTOpbI
MJ1T-0,125, C2-33;
KoHAeHcaTopbl KT-1
(C2..C7 - puc.7; C2,
C5...C8 - puc.8); KM-4...6 2
unn K-10-7B (cootseT-
ctBeHHo C8..C10 n C3,
C4, C9...C12, C15, C16) n
K50-35. lonoBHble Tene- 10 390 DD1,0D2 K 1761A9
oHbl TMNa TOH-2. OnA Puc.8
NepecTporku reHepaTopoB MPUMEHEHbl MEPEeMEHHbIE KOHLEeHCaTopbl C TBEPAbIM
LMANEKTPUKOM OT TPAH3UCTOPHBLIX PagMONpPUEMHUKOB C AuanaszoHamu OB n CB.
Bo3MOXXHO ucnonb3oBaHue u apyrux KOHaeHcaropos, Hanpumep, Tuna KMkK-3 emkocTbro
25...150 n®. MNepemeHHbin pesuctop R5 (puc.7) manorabaputHeli toboro Tuna.

KBapLeBbIi pe30HaTOp CMOHTUPOBAH Ha OTAENbHOM Mate U3 CTEKNOTEKCTONWTA,
3aKpensIeHHOM napannenbHO OCHOBHOW Nnate Co CTOPOHbI feTanei. Karywka L1 Ha cxeme
puc.8, HamoTaHa Ha (heppuTOBOM KOMbLEBOM MarHutonposoge 600HH Tunopasmepa
K8x6x2 n copepxut 180 Butkos nposoga MOJLLO 0,14 mm. Hamotka paBHOMepHaA no
BCEMY NEPUMETPY MarHMTonpoBofaa. Karyuika npukneeHa kneem b®-2 HenocpeacTBEHHO
K neyarHomn nnare. B metannouckarene no cxeme, NpUBELEHHON Ha pUC.8, NCronb3yeTcaA
rOTOBbIA OPOCCENb C MHOYKTUBHOCTLIO 1,2 MIH.

MonckoBaA KaTylwka Kaooro M3 [ABYX MeTanjouckatenend HamoTraHa B KOMbLe,
COrHYTOM W3 BMHWIONNACTOBOW TPYOKM BHELHUM gmametpoM 15 u BHyTpeHHUM 10 MM.
Hapy>xHbln puametp konbLa nepsoro npubopa - 250, BTOPOro u Tpetbero - 200 MM, yncna
BUTKOB - cooTBeTcTBEHHO 100 1 50, nposop, - M3SILLUO 0,27 mMm. Nocne HaMOTKU KONbLLO
06epHYTO NIEHTON U3 aNtOMUHWEBOWA (PONLIMM ANA INEKTPUYECKOrO 3KPaHWPOBaHMA (3TO
HeobxooMM ONA yCTpaHEHWA BAMAHUA eMKOCTU MEXAY KaTyLLUKO U 3emned). [Mpu HaMoTke

DD1.3

DA1
1 c1 C13 10,0
M P PYY K118YH1A, Y
9 103 > 10 HL
& L L)
2] _]9 BF1

112 C14 ==C15
+
% 0,047

8]

wih

C14,C17
10,0
158

10 )| K BbiB. 14

cl1|2 DD1,0D2 .
L *tlc17
001 T e T 98
K BbiB. 7 0,047
DD1,0D2

+
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MeTannouckarenu

NEHTbI YUYMTbIBATE, YTO ANEKTPUYECKUIA KOHTAKT MEXAY €€ KOHLamu Heponyctum. Donbry
cBepxy 06martbiBakOT OGHUM-A,BYMA COAMU NOANBUHUNXIIOPUAHOW U30NALMOHHON NEHTHI.

[unameTp NMOMCKOBO KaTyLKN MOXET BbITb KaK MEHbLUE, TaK M 60sbLUE YKa3aHHbIX
3HayeHunn. C ero ymMeHblUEHWEM MNOWapb 30HbI 0BHApYXeHUA CyxaeTtcA, Ho npubop
cTaHoBUTCA Oonee 4yBCTBUTENIbHBIM K MENKUM NpeameTam, C YBENUYEHUEM XKe,
Hao60poT, 30Ha 06HAPYXEHMA PACLUUPAETCA, a YyBCTBUTENBHOCTb K MENKMM NpegmMeTam
cHwxaetcA. MutaTb MeTannouckarenn MoxHoO ot 6artapen "Kpona', akkymynatopa 70-
0,115 vnu oT WwecTun anemeHToB TUNopasmepa AA unu AAA.

BMecTe C UCTOYHMKOM MUTaHWA CMOHTWPOBAHHYKO nnarty npubopa C opraHamu
ynpasneHnA NoOMELLAOT B HEOOMbLLYHO NOCKY0 METANANYECKYHO KOPOOKY N3 NatyHW unm
NYyXeHon xectn TonwmHon 0,4...0,6 MM W 3aKpPennAlT MOCIeOHIOK Ha LuTaHre,
W3roTOBSIEHHOW W3 [AlopantoMUHEBOW TPyObl (Hanpumep, JbDKHOW Manku) BHELIHUM
pmameTtpom 16...20 MM.

3.5. Merannouckarenn Ha UMC cepun K155
Metannouckarenb (puc.9) CoOCToUT U3 ABYX NpakTuyeckn npeHtuuHbix LC reHepa-
TOPOB, BbIMONHEHHBIX HA 3nemeHTax DD1.1...DD1.4, getektopa rno cxeme yOBOEHUA Bbir-

OO11 4 500maru 12 @3 PAMMEHHOr0 HanpPAXeHWA Ha auopax
: B“':I VD1, VD2 u BbICOKOOMHbIX (2 KOM)
1M bb1 vey7400 ronoBHbIx TenedoHoB BF1, nameHeHue

VD1,VD2 DOGE2 TOHaNbHOCTM 3BYyYaHWA KOTOPbIX W
cBuoeTenbCTByetr O Hanuymm  nop,

[ KaTyLUKOW-aHTEHHOW  MeTanim4yeckoro
1 o | TPEAMETA.

Nvor | leHepatop,  cobpaHHbIl  Ha

1000 anemenTtax DD1.1 u DD1.2, camoBo3-

i 6yXpaeTcA Ha 4acToTe pe3oHaHca

nocneposarefibHoro  konebaresnibHOro
p koHTypa L1C1, HAaCTPOEHHOro Ha YacToTy

nc.9 465 kly (Mcnonb3oBaHbl 9NEMEHTHI
dunerpa MY cynepretepoamHHOro npuemHuka). Yacrora Broporo reHeparopa (DD1.3,
DD1.4) onpepenAa-etcA MHOYKTMBHOCTbIO KaTywkn L2 (30 BuTkos nposoga [M3f1 0,4 Ha
onpaeke auametpom 200 MM) M E€MKOCTbKO KOHAEHcaropa nepemeHHon emkoctn C2,
MO3BOMIAIOLLErO Meped MOWUCKOM HaCcTPOWTb MeTannouckarens Ha obHapyxeHue
NPEeAMETOB ONPERENEHHOR Macchbl.

BueHnA, BO3HUKAIOWLME B pesynbrate CMeLleHuA konebaHuin obonx reHepatopos,
petektupyetca VD1, VD2, counerpytotcA C5 1 nocTynaroT Ha rosnoBHble TenedoHsl BF1.
YcTponcTeo cobpaHo Ha nevarHoi nnare, Yto No3BONAET NPU NUTAHWK OT Nnockon barapem
coenatb ero KOMNakTHbIM ¥ yaobHbIM B 0bpalleHnn. BMecTo MUKPOCXEMbI, YKa3aHHOW Ha
cxeme, MOXXHO ucnosnb3osatb K155J1A3. noabl UCNonb3ytoTcA repmannesble, O9A...E unu
KO522A,b, KIE (4...12) - (270...470) n®, Hanpumep, OT paguonprMemMHuka ¢ ananasoHamm
B, CB (Radioelektronik, 9/84).
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MeTannouckarenu

3.6. Merannouckarenb NoBbILLEHHON YyBCTBUTENBLHOCTV Ha UMC
Metannouckatenu Ha 6UeHMAX OKa3bIBAOTCA ManoyyBCTBUTESbHBIMU MPK NOUCKAX
MEeTanoB co cnabbiMm OeppoMarHUTHBIMU CBOMCTBAMM, TaKUX, Kak, Hanpumep, Mefp,
onoso, cepebpo. [loBbICUTL YYBCTBUTENILHOCTL MeTannouckarenein 3Toro Tuna
OKa3blBAETCA OYEHb CNOXHO, MOCKOSbKY HebonblaA pasHOCTb 4actoT (6ueHun)
Mano3ameTHa npu o6bluHbIX MEeTOAAax UHAMKauunu. B paHHom metannouckarene (puc.10)
UCNOMb3YETCA pELLEHMe NO3BONAKOLLEE ONPEdEenATb Ha CMyX AAaXe OYeHb Hebonbluyo

yacToTy 6reHuin. YCTPOMCTBO MOXET "pasnmyath” LBeTHble U YepHble meTanbl (P 10/94).
5 boi11 0DI2 K sers.

K sss1d ' :Z_...?‘”
H o #6

001
T somcxiss T
3 Inx X168

5 0.0imc

5> i DDI-DD3 KEGINIES 28 10
cz L
>2 1 0. T €400m« 1
L 180 T K su18.7 DDI-DD3 |
Puc.10

O6pasuoBbIin reHepaTop cobpaH Ha anemeHTe DD1.1, a uameputenbHbli - Ha DD2.1
n DD2.2. Yactotra konebaHuii 06pasLoBoro reHeparopa, OnpepenAeman gaHHbIMU ero
KOHTYpPHOW Katywku L1 n koHgeHcatopos C1 n C2, okono 100 kI (cm. puc.10). Yactora
U3MEpUTENLHOMO reHepartopa, konebatesbHbIl KOHTYP KOTOpOro obpasytoT nouckosan
Katywka L2 n koHpeHcatopbl C3...C5, 6im3ka K yacTtote 06pasLoBOro reHeparopa; ee
NNaBHO M3MEHAKOT KOHOEHCATOPOM nepemMeHHon emkoctn C3 B npepenax *1 kli.
OnemeHTtol DD1.2 DD2.2 - 6ydhepHble. Mukpocxembl DD1 n DD2 metannouckarenA
MUTaKOTCA OT UCTOUHMKA NOCTOAHHOrO Toka GB1 yepes passasbiBatoLLme unsrpel R6C8 n
R7C9.

OnemeHT DD3.1 - cmecutenb. [AnA BbIAENEHNA CUrHAN0B Pa3HOCTHON, T. €. 3BYKOBOW
YacToThbl, NpefHasHavyeH unastp HW3kux yactotr (HY) R3C6. Takaa cxema mno3BONAET
BblAenATb OMEeHMA YacTOTOW B HECKOSNbKO repl, YTO 3HAYNTENbHO MNOBbILIAET
YyYBCTBUTENbHOCTL Npubopa.

Y1obbl 06ecneunTb NpoCcnyLwMBaHMe CUrHaNoB CTOfb HU3KUX YacTOT Ha rOfIOBHbIE
TeneoHbl, UCMOMbL30BaHO NpeobpasoBaHWe pasHOCTHOrO CUrHana B KOPOTKUE UMMNYSLChI
C YOBOEHHOW yacToTon cneposaHuA. ObecneumBaeT 310 KOMMApaTop HanNpPAXEHWA,
cobpanHbii Ha DD3.2..DD3.4. 3a oouH nepwop 4actotbl OUEHWA KOMMApaTop OBaXKAbl
nepeksYaeTcA U3 OQHOr0 NIOrMYEecKoro COCTOAHMA B Apyroe. DopMupyemble UM
NPAMOYrofibHble UMMYNbChl Anddpeperumpytotca uenbto C7R8, ytobbl OHM CTanu
pasnUMMbl Ha CAyX, NOITOMY Ha TenedoH, MOAK/YEHHbIN K pasbemMy X2, noctynawot
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Mertannouckarenu

Puc.1

Puc.12

KOPOTKME uMMynbCbl. bnarogapA 3atomy,
rPOMKOCTb 3BYKOBOrO curHana npubopa
cnabee 3aBMCUT OT 4acTOTbl Pa3HOCTHOrO
curHana. B TenedoHe  cnblwarcA
"Wwenukn". [POMKOCTb  perynupytt
nepemMeHHbIM pe3ncTopom R8 (coBmelleH
C BblKOYarenemM nutaHuA SAT).

Bce petanu, Kpome pasbemMoB W
MOMCKOBOW KaTyLKW, pasMeLiaroT Ha
neyaTHoW nnate M3 [OBYXCTOPOHHErO
donbrupoBaHHoro marepnana (puc.ii, 12).
MoOHTaXX OfQHOCTOPOHHMIA - CO CTOPOHBI
rneyvartHbIX NpoBOAHWKOB. Dosibra Apyromn
CTOPOHbI, KOTOPYH MO KpaAM nnathl
COEAMHAIOT C 0BLLMM NPOBOAOM MUTaHUA,
Urpaet ponb 3KpaHa. MoHTaXKHyt0 nnarty u
WCTOYHUK NWTAHWA CREQYET pa3MecTuTb B
METaNINYECKOM KOpnyce noaXoAALLUX
pasMepoB, Hamnpumep, CMAAHHOM W3
NNacTUH PONbrMPOBAHHOIO TEKCTONNTA.

MoXHO NCnonb3oBaTb nmC
K1761ES5, K1761A7, K561/1A7.
KoHpeHcatop C3 Tuna KIM-180 wnu
aHaNorMMYHbINA, C MakCUMasibHOW EMKOCTbIO
180...240 n®; C8...C10 tvna K50-35 wnu
K52, K53, octanbHele KM-4..KM-6, KJIC.
Peanctop R8 tuna CI13-3B, ocTanbHble -
MJT-0,125, C2-33-0,125. Pasbembl X1 1 X2
nobble manorabapuTHble. ana
TepMmocTabunbHocT npubopa, KOHLEH-
catopol C1, C2, C4 wn C5 Hapo
ncnonb3osarb ¢ TKE He xyxe M1500.

Katywka L1, copgepxawasa 300
BWUTKOB nNposoga M3B-2 0,08 MM, HaMOTaHa
Ha Kapkace KOHTYpa 4 oT
paguonpuemHuka ¢ guanasoHamu CB, 1B.

MoncKoByH KaTyLUKy W3roTaBAvBatoT
Ha onpasBke puameTrpoMm 240...250 MM
HamatbiBaHneM 30 BUTKOB npoeoga MN3B-2
0,6 MM. [MonyumBLUMIACA XIYT CKPENNALOT B
10...12 mecTax TOHKOW MPOYHOW HUTKOM.
3aTteM, HarpeBan KaTyLuKy Hapg niamMeHem
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MeTannouckarenu

rasoBoi MauTbl A0 Temnepatypbl 50...60°C, NponUTbLIBAKOT 3apaHee NPUrOTOBSIEHHOM
3MoKcuMaHOW cmonoi. lMocne oTBepaeBaHUA CMOSbl KaTyLKy 06MaTbiBAKOT NIAKOTKAHbLHO
unn n3onAUMOHHOW neHTol [MXB. Karylky o6marbiBaloT TOHKOW (DONbroi C Takum
pacuyeTom, 4Tobbl B €e nepepHei yactu obpasosancA Hebonbwoir, anmHon 5...10 MM,
HE3aMKHYTbIN yYacTOK SKpaHa KaTyLUKu. KaTyLuKy u ee 3KpaH COEAUHAIOT (Yepes3 pasbem
X1) ¢ nnatoii MeTannouckatenA ABYXMbHbIM 3KPaHUPOBaHHLIM MNPOBOAOM  AJIMHOM
120...150 cm.

HanaxxmBaHume MeTannouckaTenA HaumHawT, ycTaHoBWMB KoHaeHcatop C3 B
NMONIOKEHNE CPepgHen eMKOCTM. 3ateM MOACTPOoeyYHMKoM L1 M3MEHAKT 4actoTy
obpasLoBoro reHepatopa [0 NoABfeHuA B Tened)OHe 3BYKOBOro curHana. Hanee
NOACTPOEYHMKOM 106uBatOTCA "HyneBbIx BueHMin" - "Lenykos" B TenedpoHe, ¢ 4acToTon B
Heckonbko . HacTpoiika komnapatopa 3akntoyaetcA B nogbope R9 (nokasaH Ha puc.10
WTpMXxoBbIMK NnHMAMK) B npegenax 300 kOm...1 MOm. Ecnu Ha BeiBogax 10, 11 DD3
MPUCYTCTBYET HanpPAXEHWE BLICOKOrO YPOBHA, TO 3TOT PE3UCTOP BKAKOYAKT Mexay
BbiBogamu 5, 6 DD3.2 n obwum nposopoMm. Mocne HacTpoiikn 06pasLLoBoro reHeparopa
NMOACTPOeYHNK L1 domkcupytoT B Kapkace kannei kneA. [Mouckosyto katywky npubopa
cnegyet cHabauTb AEePEBAHHON MM NIACTMACCOBON PYYKOA.

3.7. Metannouckarenb Ha npuHumne cpbiBa konebanmn
Metannouckarenb (puc.13) npegHasHayeH ana obHapyXeHuA B CTeHax nofg CoeM
LUTYKaTYpKW pa3HO0BpasHbIX METannNYeckux NpegMeToB, HanpuMep, Taknx Kak Tpyobl,
npoBogka, reosgum, apmarypa u Tomy nogobHoe (http:/www.qrz.ru/schemes/contribute/
technology/metalloiskat.phtml).
C4 104 s1 YcTpoicTBO  nuTaeTcA  OT
I 6atapen Tvna "KpoHa", notpebnan
1 or Hee Bcero 3,5..4 MA. Jtot
T GBI MeTannouckatens obHapyxusaet
—— % 1py6bl Ha paccroAHmn 10..15 cM,
NpoBOAKY ¥ reo3am - 5...10 cm.
YCTpoWCTBO  NpepcTaBfAeT
coboinn LC-reHepatop Ha MoNeEBOM
TPaH3UCTOpPE, COMNPAXEHHbIA €
YCTPOWNCTBOM 3BYKOBOW MHAMKALLUN.
Pabotaet YCTPOMCTBO
cnegyoowum  obpasomM:  nocne
BKNIOYEHWA NUTaHWA yCTaHaBNUBaroT
nepemMeHHblM  pesuctopoMm R4
pexum paboTtbl reHeparopa Ha nopore cpbiea. lNoka reHepartop paboraeT (Ha uacTote
nopAZka COTEH KWorepl), MEPEMEHHOE HanmpAXEHWe C Eero BbIXoda BbINPAMIIAETCA
onogamu VD1, VD2, 3apaxaer koHpeHcatop C5 po HanpaxenuA 2..3 B. 3toro
HanpAXXeHnA pocTatovHo, 4Tobbl 6nokuposaTb paboTy reHepaTopa NPepbIBUCTOrO
3By4aHuA cobparHoro Ha MMC DD1 no TMnoBoii cxeme.

VD1,2 KD5226
DD1 K561AES
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MeTannouckarenu

CTouT NoABUTLCA PALOM C KaTyLLKO L1 MeTannmyeckoMy npeaMeTy, Kak reHepauna
cpoiBaetcA, C5 B TeuyeHue npumepHo 20 mc paspaxaetcA yepe3 R5, u Tenepb
paspeLuaerca pabota reHeparopa Ha DD1.1, DD1.2, nog, ynpasfiieHnemM KOTOPOro HaunHaet
npepbiBucTo pabotatb reHepatop Ha DD1.3, DD1.4. MNbe3ousnyyatens ZQ1 HaumHaet
MPepbLIBMCTO NULLaTh. Ecnn meTann ynanutcA oT KaTywku, reHepauma B koHType L1C2 Tyt
)Ke BOCCTaHaBJ/IMBAETCA U 3BYKOBOW M3fy4yaresb 3aMonKaer.

B 3aBucumMocTy oT cTenexun paspaga 6arapeun, TemMneparypbl BO3gyxa, NpeaMeTos,
HaxXoAALLMXCA PAAOM C MeTannouckatenem, TpebyeTca ero fOBOMBLHO YacTaA HacTpPonka
pesuctopoM R4 B npouecce paboTbl. [BMKOK pe3nctopa BbIBOAAT CHavana B NOA0KeEHNE
MakCMMasibHOro CONpoTUBAEHNA - reHepauma B LC KOHType Ao/mKHa copeartbcA 1 npubop
LOSDKEH MOAATb 3BYKOBOIW CMrHaM, MOTOM MEAJIEeHHO YMEHbLUAKT conpotueneHme R4 oo
BOCCTAHOBSIEHNA reHepauun - npubop rotoB K pabote. B HeKoOTOpbIX ChnyyaAx MOXET
noHapobutecA nopbop pesuctopa R3. AnA AOCTMXKEHWA MakCUMMasbHOM POMKOCTM
3ByYaHuA u3nyvatenA xenarenbHo nopobpatb HomuHan R9 wunm C7 Takum obpasom,
Y106l HACTYMUN 3BYKOBOW PE30HAHC B Nbe3ousnyyarene.

Kak BngHO 13 cxembl, NpMbop He copepXuUT OedULMUTHBIX UM OOPOrux AeTanen.
MoneBoi TpaH3ucTop MOXeT BbiTb NtobbiM 13 cepum KMN303, UMC moxet 6biTb K176J1ES
unn K1561J1E5. Katywka wHAoykTMBHOCTW 6eckapkacHaa, copepxut 50+50 BMTKOB
nposoga gmnametpoMm 0,1 MM, HAMOTAHHOrO Ha OMpPaBKy AMAMETPOM MPUMEPHO 70 MM.
MoXKHO ee HamoTaTb Ha CTEKNAHHYHO BYTbINKY, MOTOM CABUHYTL KaTYLIKY C Hee, CKPenuTb
BUTKW CNerka HUTKamu 1 npomasarb BCHO KaTyLuKy kneem Tuna "MomeHT".

Bce noctoAHHble pesuctopbl Tuna MIJIT-0,125, C2-23 wnam aHanoruyHble.
KoHpeHcaTopbl ntobble ManorabaputHble, TpebosaHuii k ux TKE u ponycky He
NPenbABNAETCA, T.K. BCE paBHO NPUAETCA NOCTOAHHO NMOACTPaMBaTh reHepaTop BPYUHYHO.
Mbesounsnyyatenb TaKxe n0O0N. DNEKTPONIUTUYECKME KOHAEHCATOPbl HE JOMKHbI UMETb
60nbLUMX TOKOB YTeuku, ocobeHHo 3T0 kacaetcA C1. Takomy TpeboBaHMiO OTBEvaer
60MbLUMHCTBO HOBbIX KOHAeHcatopoB Tuna K50-35 mnu nopobHbix MMMIOPTHbIX. Bce
petanu, Kpome 6arapen nuTaHWA, NepemMeHHOro pes3ucTopa, 3BYKOBOrO M3fyyarena u
KaTyLwKN MHOYKTUBHOCTM, MOHTUPYIOTCA Ha neyatHown nnare (puc.14).

Mnata panee BMmecTe ¢ 6atapeen

375

nUTaHuA, usnyyarenemMm U nepemMeHHbIM

00o00q -
RE T BE pesncTopom nomelLL,aeTcA B
{ I M nopxopAwMiA  Kopnyc,  Hampumep,

-o-a pasmMepamu 50x60x25 MMm. KaTylika

0-08 B
8 =| WHOYKTUBHOCTK KpenutcA Ha
83 %8 507 P4AL-|| AMAneKTpuUeckoit CToiike AIMHON He

@+ meHee 150 MM, uHave npubop bymer
|:||:| (157) U @ obHapyxuBartb cOBCTBEHHYIO HaTapenky.
993?&—0 °'&° o @+ £9998 MoxHo paxe nonpobosatb cpenarb

=== HECKOIbKO CMEHHbIX KaTylleK Pa3Horo
30 ZQ1 11

[vameTpa - oT 310ro 6ymeT 3aBUCETh
Puc.14 paccToAHMEe, Ha KOTOpoM npubop
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MeTannouckarenu

cMoxeT obHapyxwusatb Metann. C 60nbLIMMK KaTywKamu OH Ha 60MbLUMX PaCcCTOAHMAX
MOXET HaxoAMTb TONbKO KPYyMHble npegMeTbl. MoXHO nonpobosatb HaMOTaTh KaTyLwky L1
Ha KopobKy ABEPHOro Npoema - NoNyYnTCA METaNNOAETEKTOP, KaK B a3ponopTy.

3.8. Metannouckarenb ¢ HuU3komn pabouen yactoron (tuna VLF)

OTOT NPOCTO METaNNOUCKaTENb UMEET XOPOLLYK YyBCTBUTENBHOCTb U BbICOKYHO
cTabunbHocTb paboTbl. OTANYMTENBHOA ero 0COBEHHOCTBbIO ABMAETCA HU3KaA pabovan
yactota - 3 kI, kotopana obecneumnsaet cnabyto peakumio Ha HEXenatesibHble CUrHabl,
XOPOLUYK YyBCTBUTENIbHOCTb MNPU MOWCKE ManbiXx NpeaMeToB. [Mpnbop MOXHO
ucrnonb3oBaTb NpU MOUCKe Mecta AnA 00OpyAoOBaHWA TaiHWKa nop 3emnei u
obHapyXeHuA CKpbITbIX Ha raybuHe BOLOMPOBOLOHLIX TPY6 M Tpacc LEHTpanbHOro
OTOMNEHNA.

Ha dyHkumoHanbHom cxeme (puc.15) o6o3HaveHb!:

1 - reHepatop (3 KI); 8 - ANEeKTPOHHBIN KMHY 3BYKOBOTO CUrHana;

2 - LUCKPUMUHATOP; 9 - yeunuTENb BBIXORHBIX CUrHAMOB;

3 - KaTyLLKK METanoncKaTens; 10 - rPOMKOrOBOPMTEND (MK TONOBHBIE TENEIOHbI);
4 - yeunuTenb BbICOKON YaCTOThI; 11 - cxeMa cpaBHeHUA;

5 - netekTop; 12 - perynATop OMOPHOTO HANPAXEHUA CXEMbI

6 - oUnLTP HU3KIX YACTOT; CpaBHEHMA.

7 - 3BYKOBOW reHeparop;

leHepaTop MeTtannouckarena
B036y>xpaet KonebaHuA B
nepeparoLent KaTylike Ha yacrtore
okono 3 klu, co3pnaeaA B Hen
NMepemMeHHoe MarHwWTHoe none.
MpremHana KaTtylika pacnonoxeHa
NepneHANKYNAPHO NepenaroLLen KaTylke Takum obpasoM, YTO MPOXOAALLME Yepe3 Hee
MarHWTHble CWSIOBblE NIMHUM MONA MNEepPefarollen KaTtywku He cosgator B Henm JOC.
Mo3ToMy Ha BbIXOAe NPUEMHOW KaTyLKW curHan nubo otcyTcTByeT, nuMbo ouveHb man.
MeTannuyeckuii npegmert, nonagan B Nnone KatyLku, U3SMEeHAET HanpPaBNEeHUe MarHUTHOrO
NoMA, U Ha BbIXOLE MOABMAETCA ANEKTPUYECKWA CUrHAJ, KOTOPbIA 3aTeM YCWUIMBAETCH,
BbINPAMAAETCA W punbTpyeTcA. Ha Bbixoge dunbrpa CO3[aeTcA curHan nocTOAHHOrO
HanpAXeHuA, 3HayYeHWe KOTOPOro BO3pacTaeT npu MPUOAMXKEHUN KaTyWKW K
METaNNMYECcKoMy npegmeTy. ATOT CWUrHan noCTynaeT Ha OAMH M3 BXOAOB CXeMbl
CpaBHEHWA, rOoe CPaBHWBAETCA C OMOPHbIM HAMNPAXEHWEM. YPOBEHb OMOPHOro
HanpAXeHWA OTperynuposaH Takum obpas3om, 4To Aaxe Hebonblloe yBenuyeHue
HaNPAXXEHWA CUrHana Ha BbIXOAe unbTPa NPUBOAUT K U3MEHEHMIO COCTOAHWA Ha BbIXOAE
CXeMbl CpaBHEHWA. OTO NPUBOAMT B AENCTBIE 3NEKTPOHHbIN NEPeKNtoYaTenb, B peaynsrare
YEro Ha BbIXOLHBIE YCUNNUTENbHBIE Kackafbl MOCTYNAET 3BYKOBOW CUrHas, ONOBELLAKOLLLNIA
0 NPWCYTCTBUM METANNYECKOrO NpeaMeTa.

MpuHUMNManbHaA anekTpuMYeckaa cxema MeTanjouckatenA npepcTaBfieHa Ha
puc.16. lNepepartumk, BbINONHEHHLIW Ha TpaH3aucTope VT1, Bo36yxpaer konebaHuA B
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katywke L1. CurHanel, NOCTynatoLLMe Ha KaTywky L2, 3aTem ycunmBatoTCA MUKPOCXEMOWN
DA1 v BbINpAMAAIOTCA amnauTyoHbIM Aetektopom Ha MMC DA2. CurHan ¢ petekTopa
nocTynaetr Ha koHpeHcatop C9 u crnaxuBaeTcA (OUIBTPOM HU3KUX YaCTOT, KOTOPbIN
coctouT n3 pesuctopos R14, R15 n koHgeHcatopos C10 n C11. 3atem curHan noctynaet Ha
BXOO, CXeMbl cpaBHeHuA DA3, rge cpaBHMBAETCA C  OMOPHbLIM  HanpfAXeHuem,
ycTaHaBnmBaeMbIM nepemeHHbIMu pesuctopamu R29 n R30. MNepemerHbin pesuctop R30
CNyXuT gnAa 6bicTpoit n rpyboit HacTpoikn, a R29 obecneuymBaeT TOUHYIO PEryMpoBKY
OMOPHOro HanpAXeHwA. leHepaTop, cobpaHHbIA Ha OQHOMNEePEXoaHOM TpaH3uctope VT2,
paboTaeT B HENPEPLIBHOM PEXUME, OQHAKO CUrHan, soipabarbiBaeMblidi UM, NOCTYNWT Ha
6a3y TpaHaucTopa VT4 Tonbko Torga, Koraa 3akpoercA TpaHaucTop VT3, Tak Kak, HaxopACh
B OTKPLITOM COCTOAHWU, 3TOT TPAH3UCTOP LLYHTUPYET BbIXOA reHepatopa. MNpu noctynneHum
curHana Ha Bxop, MukpocxeMbl DA3 HanpaXxeHne Ha ee BbIXOfe YMEHbLLIAETCA, TPaH3UCTOP
VT3 3akpbiBaetcA 1 curHan ot TpaHauctopa VT2 yepes TpaHauctop VT4 u perynatop
rpoMkocTv R31 nocTynaeT Ha BLIXOQHOW Kackag 1 rpOMKOrOBOPUTESTb.

R2
— ( +128
R3 100 R6
100 100k
cs
vT1 0,01 R8 R12 DA1..DA3 — K1109y41
l_"_l s 100« 68k [] DD4 — KP142EHBE
R1 1.0
100k H
. voZ R4 cr
= 57 10k 1,0
Cc1 = =-=c4 r B
100mk c2 [ c3 0,22 R27 R28
168 | 0,01 0,22 ) > 10k 10x
VDA N R T c10 c11
1
10x 100k 47w< 22mx | 0,47
168 |16 e
{ +98
+12B | 14
< I DD4|—<
R16 R20 R22 R26 c1a | M
10k 33« 100 1,8 0.01 2
= BA
R31 c16
10¢ + 220m . +188
= 258 == =
VT2 R25 c15 c17
KT117 10K 220MK 220mk
DA3 258 258
A) h via 3
R30 R19 R24
10¢ [](— - VIS
681 10k
R29 R18 « R23
100¢ [](__:}_
3,9M 100 VI3
R17 c12 ci3 R23 V16
o8 '5“[1] T Imx 10 T 100
VT1..VT5 — K T31076...K,VT6 — KT630AV T3,VT4 —KT31026...

Puc.16

B cxeme uCnonb3yloTcA OBa MCTOYHMKA nuTaHuA, 6narogapA Yemy WCK4YaeTcA
BO3MOXXHOCTb BO3HUKHOBEHWA 0OpaTtHOW CBA3WM MeXdy BbIXOOLOM YCTPOWCTBA C €ro
YyyBCTBUTENbHBIM BX0AOM. OCHOBHaA cxema nuTaetcA ot 6atapeun ¢ HanpaxeHuem 18 B,
koTopoe cTtabunusatopoM HanpaxeHuA DD4 noHwxkaetcA po yposHA +12 B. 3tor
cTabunusarop Heobxooum AnA Toro, YTobbl CHUXEHWE HanpsXeHuA 6atapen BO BpemA
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MeTannouckarenu

pabotbl npubopa He Bbi3bIBaIO U3MEHEHNA HACTPOWKN. BbIxogHbIE Kackafdbl MUTAKTCA OT
OTAENbHOr0 WUCTOYHMKA nuTaHuA HanpaxeHuem +9 B. [MotpebnAemaa npubopom
MOLLLHOCTb HEBENMKA, NOJTOMY AAA MUTAHWA YCTPOWACTBA MOXHO WCMOMb30BaTb TPM
aKkkymynATopHble 6atapen. CneumanbHOro BbiKNoUaTena NuTaHnA He TpebyeTcA, Tak Kak
npu OTCYTCTBWM cUrHana npmbop NpakTU4eckun He noTpebnAeT Toka.

Pabota cxeMbl cpaBHeHWA NpoBepAETCA cneayowmumM obpasoM. K nameputensHomy
sxopy MIMC DA3 nogkntovatot nepeMeHHble pesuctopbl R29 n R30. 31oT Bxog obpasyerca
C MOMOLLLbIO ABYX pe3ncTopoB conpoTuerneHnem 10 KOM, 0OuH 13 KOTOPbIX NMOAKIIOYaEeTCA
K MOMOXMUTESIbHOW LWKHe nutaHuA +12 B, a ppyron - K HynesoW. Brtopble BbiBOAbI
pes3ncTopoB NoacoenuHAT K BbiBogy 2 DAS. lNepemMbluka OT 3TOr0 BbIBOZA CRYXUT
BPEMEHHOW TOUKOW coepmHeHwA. lMpu rpyboii HacTpoiike (BknouveHsl obe 6atapem
MUTaHWA), KOTOpaA OCYLLECTBAAETCA NepeMeHHbIM pe3nctopoM R30, B onpegeneHHoM ero
MONOXXEHWUWN NMPOUCXOAUT CPbIB 3BYKOBOrO CUMrHana, B T0 BPEMA KaK Mpu TOYHOW HACTPOMKe
nepemMeHHbIM pe3nctopoM R29 [OMKHO OCYLLECTBNIATLCA MiaBHOE W3MEHeHWe curHana
BONM3N 3TOr0 NONOXKeHUA. [pu BLINOAHEHUW 3TUX YCNOBUA MPUCTYNAKT K YCTAHOBKE
pesucTopos R6...R15, koHpeHcatopos C6...C11, puopa VD3 n mukpocxem DA1 n DA2.

BK/OUMB UCTOYHMK NWUTAHWA, CHayana NPOBEPAKT HanW4Me CUrHana Ha BbIXoge
MMC DA1 (BbiBog 6). AMNaUTyaa curHana He [OoSKHA NpeBbillaTb NOMOBUHBI 3HAYEHUA
HaNpPAXXEHWA nuTaHnA (npumepHo 6 B). HanpaxeHne Ha C9 He mOMKHO OTAM4YaTbCA OT
HanpAXXeHWA BbIXOQHOIO CUrHana STol MUKPOCXEMbI, XOTA HABOLKWN OT CETU NEPEMEHHOIO
TOKa MOryT Bbi3BaTb HEOOMNbLUOE YBENWYEHWE STOr0 HanmpAXeHuA. Kacanue nanbuem
BXOAa MMWKPOCXeMbI (OCHOBaHWA koHaeHcatopa C6) Bbi3bIBAET YBENIMUYEHNE HANPAXEHMUA
13-3a NOBbILLEHMA YPOBHA LUYMOB. ECnn perynATopbl HACTPOAKN HAXO[ATCA B MONOXKEHUN,
npy KOTOPOM 3BYKOBOW CWrHam OTCYTCTBYET, KacaHue nanbLem KoHpeHcatopa C6
NPUBERET K MOABMEHUIO M MCYE3HOBEHWIO 3TOr0 curHana. Ha atom npepBaputefibHanA
npoeepka paboTocnocobHOCTM KackafoB 3akaHYMBaEeTCA.

OkoHuaTenbHaA NpoBepka M HACTpPOKa MeTanjouckarenAa NpPOBOAWUTCA nochne
W3rOTOBSIEHWNA KaTYyLUEK MHOYKTMBHOCTW. [locne npepBaputenbHOW NPOBEPKW Kackapos
CXeMbl Ha nnare yCTAHABAMBAKTCA OCTaSIbHbIE ONIEMEHTbI, 33 WCKNHYEHUEM
KoHpeHcaTopa C5. lNepemeHHbIn peauctop R28 BpeMeHHO yCTaHaBnMBAETCA B CpefHee
nonoxexue. Mnata kpenutcA K [-06pasHoMy AHOPaNOMUHUEBOMY LUACCK Yepes
nnacTMaccosble Wwawbbl (A1A YCTPaHEHWA BO3MOXHOCTM KOPOTKOIO 3aMblKaHuA).

LLtaHra wu coeouHuTENbHblE Yactu, obpasylwme pepxartefib  rof0BKK
MeTasIonCcKaTenA, 3roTaBnnBaoTCA M3 NNacTMaccoBbIX TPY6OK guamerpom 19 mm. Cama
ronoska npubopa npepcraBnAeT cobon Tapenky AMameTpom 25 CM, U3rOTOBEHHYHO 13
MPOYHOro NNacTMka. BHYTPEHHAA ee YacTb TWATeNIbHO 3aUMLLAETCA HaXKaauyHon Bymaroi,
Y10 06EeCNeUnBaET XOPOLLMIA KOHTAKT NPU CKIIENBAHWUMN 3MOKCUAHOW CMOJION.

MarotoBnexue kaTywek metannouckarena tpebyetr ocoboro BHUMAaHMA. KaTyLiku,
VMetoLMe OAMHAKOBYKD (POPMY M pasmepbl, HamatbiBalT Ha D-06pasHbii KOHTYP,
06pa3oBaHHbIN U3 LITbIPE, 3aKpenieHHbIX Ha NOAXOAALLEM Kycke nnatbl (puc.17).

Kaxxpaa u3 karywek copepxut 180 BMTKOB 3ManMpoBaHHOrO MedHOro rnposofa
pmametpom 0,27 MM ¢ 0TBOOM OT 90-ro BUTKA. pexxae Yem CHATb KaTyLLIKKN CO LUTLIPENR,
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MpvemHas
KaTyuwKka

MeTannouckarenu

robenaOuas UX B HECKOSbKUX MeCTax MnepeBA3biBalOT. 3ateM
gany . KaK{aA KaTylika 06MatbIBAETCA NPOYHON HUTHIO,
saxuvos yToObl BUTKW MAIOTHO Mpuneranu gpyr Kk gpyry. Ha
comp  OTOM  W3rOTOBNIEHME Mepefaloliei  KaTyLku
..... pon - 3gKkaHUMBaeTcA. puemHanA ke KaTtylika A0MKHa
6bITb cHabXXeHa 3KpaHoM.

OnAa 3Toro oHa BHayane obmarbiBaeTcA
AT Me[HON NPoBOJIOKON (anametpom 0,2...0,47 mm), a
wopea noocaeprenoe 39TEM  00EPTHIBAETCA  CNOEM  afIlOMUHNEBOIA
Puc.17 donbru,  KotopaA  cHoea  obmatbiBaetcA

NPOBONOKOW. Takaa asonHaA obmMoTka rapaHTupyeTt
XOPOLLUIA KOHTAKT C antoMnHUEBOR ¢onbroin. B obMoTkax npoBOMoKM 1 B dhorbre fomKeH
6biTb NpegycMoTpeH HebOonbLIOW paspblB UAM 3a30p, Kak MokasaHo Ha pwuc.17,
NPEnATCTBYHOLLMIA 06pa30BaHMI0 3aMKHYTOrO BUTKA MO OKPYXHOCTW KaTyLLKM.

M3roToBneHHble TakumM 06pasom KaTyLukKW 3aKpennATCA C MOMOLLLIO 3a>KMMOB MO
KpaAM NnacTMaccoBOW Tapenku W NOoACOEAMHAOTCA K OroKy ynpasfieHWA C NOMOLLbIO
YETLIPEXXKWUIBHOrO 9KpaHWpoBaHHOro kKabenA. [0Ba LUeHTpanbHbIX 0TBOAA M 3KpaH
MPUEMHON KaTyLWKN NOLCOEAMHAIOTCA K HYNEBOW LUMHE MUTaHUA Yepe3 dKpaHupyroLLme
nposoga. Ecnu BknounTb yCTPOACTBO 1 paguonpuemuuk (OB, CB, KB), pacnonoxeHHbIi
Hepaneko OT KaTyliku, MOXHO YCnblwaTb CBWUCT BLICOKOrO TOHa (Ha u4acToTe
MeTannouckartens), 06YyCrOBMEHHbIN HaBOAKOW 3BYKOBOrO CUrHana B aHTEHHe
papuonpueMHuka. 970 yKasblBaeT Ha UCMPABHOCTL reHepaTopa MeTasionckaTens.

Onpegenexune paboyero rnonoXeHNA KaryLIeK

Mecto pabouero nONOXeHWA KaTylleK OMpenenAeTcA Mo BbIXOAHOMY CuUrHamny
MeTannouckaTena, KOTOpblA JOMKEH ObiTb MWHWMasNbHbIM, MO0 NO NoKasaHWAM
BONLTMETPA, NOAKMHOUYEHHOrO HEMOCPEACTBEHHO K KoHaeHcaTopy C9.

MonoxeHue KaTyLek MOXHO ONPEfEnUTbL TaKXKE N0 HANPAXEHWIO HA KOHOeHcaTope
C9: 0HO poMKHO cocTaBnATb NpMbnM3uTenbHO 6 B. MNocne 9Toro BHELLHWE YacTyu KaTyLlek
NPUKNenBatTCA SMOKCMOHOW CMOMON, a BHYTPEHHWE, MPOXOAALLME Yepe3 LEHTP,
OCTaKTCA HE3aKPENNEHHbIMM, YTO NMO3BONAET NPOBECTU OKOHYATENBHYH) HACTPOKY.

[nA OKoHYaTeNbHOM HACTPOWKM YCTAHOBWUTE HE3aKPEMEeHHble 4YacTW KaTyLiek B
Takoe NonoXeHune, Npyu KOTOPOM MpeAMEThbl U3 LBETHOrO MeTanna, Hanpumep MOHETHI,
BbI3blBAlOT ObLICTPOE YBENWYEHWE BLIXOOHOMO CWUrHana, a crafbHble NpegMeTbl - ero
He3HaunTeNbHOe yMeHblueHue. Ecnu Tpebyemblii pesynsrat He [ocTUraeTcaA, Heo6xoammo
NOMEHATb MECTaM KOHLLbI OfHOW 13 KaTyluek. OkoHYaTeNbHaA HaCTPOMKa MW NOATOHKA
KaTyluek [O0/MKHa MpoBOAMTLCA MPW OTCYTCTBMM METannnveckux npegmetos. [locne
YCTaHOBKM W MPOYHOrO 3aKPenfeHWA KaTyLKU MOKPLIBAKOT COEM 3MOKCUAHOW CMOSb,
HaKnaablBatOT HA HWUX CTEKNOTKaHb W BCE 3TO repMETU3UPYHOT SMOKCUAHON CMOSION.

Mocne M3roToBIEHMA TONOBKM MeTanfionckatena Bnaaite koHpeHcatop C5,
NepeMEHHbIN pe3nuctop R27 ycTaHOBUTE B CPeHee NONOXEHWE, a MEPEMEHHbIA pe3ncTop
R28 HacTpoiiTe Ha MUHUMYM BbIXOOHOrO curHana. lMpy 3ToM no ogHy CTOPOHY OT CpedHero
NONOXEHUA nepemeHHOro pesuctopa R27 npubop obecneuvmBaeT pacno3HaBaHue

& 1 i
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MeTannouckarenu

CTasbHbIX NPEAMETOB, a Mo APYryt0 CTOPOHY - NPeaMETOB U3 LBETHOro MeTanna. Cnegyet
VMeTb B BUAY, YTO MPU KAKAOM M3MEHEHWN HOMWHASIbHOrO 3HAYEHWA COMPOTUBNEHWA
nepemMeHHoro peaucropa R27 HeobxoaMmo NPOBOAUTL NOBTOPHYHK HACTPOIKY npubopa.

Ha npakTuke paHHblii MeTannouckarenb npeactaBnAeT coboi nerkoe, XopoLlo
cbanaHcupoBaHHOe, YyBCTBUTENIbHOE YCTPONCTBO. B TeUueHne nepBbiX HECKOMbKUX MUHYT
rocne BKITHOYEHWA YCTPONCTBA MOXET MMETb MECTO pasbanaHc HyNneBoro ypoBHA, OQHAKO
BCKOPE OH WCYE3HET UMW CTAHET HE3HAUUTESbHBIM.

4. Metannouckarenm N3 rotoBbIX Ha60pos

PaccmMoTpM HEKOTOpble MeTansounckatenu, KoTopble NpojatoTcA B BUAe Habopa
LNA CaMOCTOATENbHON COOPKM.
4.1, Metannouckarenb "Sanar-FM".
TexHUYecKme XxapakTepuCTUKU KOMMbHOTEPU30BAHHOMO MeTannouckarena "Sanar-
FM" npueeneHbl B Tabn.1.

Tabnuua 1
ImybuHa obHapyxeHua MoteTa - 10 cm MucToner - 18 cm Kacka - 35 cm
MutaHue Barapen "KpoHa" unu nopobHas
[nutenbHocTb pabotbl oTOpHON batapeitkn |8 yacos
3BYKOBOI KOHTPONb BCTPOeHHbIA AMHAMUK, pasbem ANA HayLUHWKOB (0T nneiepa)
[vHamuueckuin pexum pabote Ectb
KonnuecTBo ypoBHEN YyBCTBUTENBHOCTH 4
[ucKpuMuHaLmA MeTannos Ectb; "YepHbiii - LipeTHoi"
KomnnekTHoCTb 1. ONeKTPOHHbINA 6N0K

2. KoMnnexT anA caMOCTOATENbHOTO U3rOTOBAEHNA KaTYLLKW (MPOBOA,
0,3 MM, 3KpaHNPOBaHHbIA NPOBOA, Pa3bem)
3. VHeTpyKumAa

OcobeHHocTH 1. MonHoe ceHcopHoe ynpasneHne
2. BcTpoeHHbii yactotomep
Pa3smep kopnyca 110 x 70 x 30 Mm

Katywky npegpnaraetcA M3rotoBuTb CaMOCTOATENIbHO M3 MMeEKoLerocA B Habope
Me[HOro MpOBOAA, 3KPAHMPOBAHHOrO MPOBOAA W pasbema. /3roToBuTb KaTyLuky OuveHb
NPOCTO ¥ MO, cusTy NOBOMY YENOBEKY, XOTb HEMHOMO YMEIOLLEMY BafeTb UHCTPYMEHTOM.

OcHoBHble gocTonHcTea npubopa:

1. MonHocTbH "undpoBoe” ynpaeneHne MYHKLUAMU MUKPOKOHTPONSIEPA.

2. CepBuCHbIE (PYHKLMN MUKPOKOHTPOMNEPA, 3HAUYNTENBbHO 0bneryarowme HacTponky
npubopa.

3. Pasnuuenue YepHbIx 1 LBETHbIX METANNOB.

4. OHeprocbeperatoLee ynpaBneHne CBETOAMOAHBIMU UHAMKATOPaMU.

5. KOHCTPYKTMBHOE peLLeHue, No3BoNAtoLLEee Caenarb Kpacusblii npubop ¢ "dupMeHHoR"
nepesHen nNaHenbHo.

6. BbicokaA YyBCTBUTENBHOCTL MO CPABHEHWIO C METasionckarenAMm, paboraroLLmmm no
npuHuuny BFO. Mowneta 5 kon. (CCCP) nerko onpegensetca Ha rnybuHe 6onee 10 cm.
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MeTannouckarenu

OpraHbl ynpaBneHWA M MHOMKALMM BKIKOYAKOT B CEOA TPU KHOMKM, BbIXOD, Ha
ronosHble TenedoHbl U OeBATb CBETOAMOAOB. VX pacnonoxeHue Ha nepepHeit naHesnm
6n0ka ynpasneHuA NpmMBeLeHo Ha puc.18.

3BYKOBOW BbIXOA NPERHA3HAYeH AA KOHTPONA noucka "Ha cnyx". Mpu npubnmxeHnn
K MULLEHAM W3 YEpHOro WK LIBETHOrO MeTanna TOH MEHAETCA B BbICOKYK WU HU3KYHO
cTopoHy. lNpu "sallkanuBaHun' B CTAaTUYECKOM MUKPOMPOLECCOPHBI
PEXMME 3BYK HAYMHAET NyNbCUPOBaTb. METANIOUCKATEND

CepsucHole  dyHKuMu. Tlpu  yaepxaHum
KHOMKW "peXxxuM" B MOMEHT BKJIHOUEHUA NUTaHMA
MeTanouckaTesilo NepexoauT B CEPBUCHLIA PEXUM
No1. Ha HayliHMKWM nopaeTcA yactora MOMCKOBOro
reHeparopa, NOAeneHHaA B HECKONbKO pa3 C Tem
pacyetom, 4Tobbl ee 6blN0 XOPOLIO CAbIWHO. JTO
MOsIe3HO NpW NOUCKE HEUCNPABHOCTEN reHepaTopa.

MNpw yoepxaHuu KHonku "YctanoBKa Hyna" npu
BK/OYEHUWN NUTAHUA METaNNoNCKaTeNb NEPEXOOMUT B
cepBuCHbIA pexkum N2, [lpu 9TOM MNPOM3BOOUTCA M3MEpPeHue YacToTbl MOMCKOBOIO
reHeparopa ¥ Bblfaya €e 3HAYeHWA B HAYLUHWKM (KONMYECTBO 3BYKOBbIX CUrHAsOB
COOTBETCTBYET KOJIMYECTBY KUorepL,).

O1a dyHKuMA npubopa ABNAETCA yHUKanbHOW. C ee NOMOLLBbH MOXHO HacTpouUTb
MOVCKOBBIA reHepaTop MofbopoM KOHAEHCATOPOB UM KONMYECTBA BUTKOB KaTyLIKW Ha
onpegeneHHyto uyactoty. [eno B TOM, 4TO B CneuuanbHOW nuTepaTtype aAnA
Knapouckarene MOXHO HaWTUM 4acTOTbl, HA KOTOPbIX Ny4ylle UCKaTb OMpPeaeneHHble
meTannel 1 npegMeTbl. OfHAKO ONA HACTPOWKM OObIYHOrO MeTannouckarena Ha
onpeneneHHyo YacToty TpebyeTcA 4yacToToMep, a B STOM MeTannonckarene yHKLuA
YyacToTOMepa BCTPOEHa B NporpaMmMHoe obecneyeHne npubopa.

K KaTyLLKe meTannouckaresiA GaHHoro Tuna ocobbix TpeboBaHWi He NpeabABAETCA,
1 ee MOXHO NIErko U3roToBMTb CAMOCTOATENBHO N3 UMEtoLLEerocA B Habope nposopa Tmna
NONWO wnn M3J1, cnepya ykasaHWAM WHCTPYKLWM MO M3roToBAEHWHO. [nA 9Toro
NoHapobnTcA TONLKO U30NEHTA, antoMUHMEBAA (DOMbra U HEMHOO TEPNEHUA.

Puc.18

4.2. UmnynbcHbIv MeTannounckarens 000 “BJ/IUK”

Mpepnaraembll ONA CaMOCTOATENBHOrO M3rOTOBAEHWA WMMYNbCHbIA (Tuna Pl)
MeTansiouckarelb ¢ MUKPOMPOLLECCOPHLIM ynpaeneHneM obecneunBaeT obHapyxeHue
NPEAMETOB M3 YEPHbIX M LBETHLIX METAIIOB B Pa3/IMYHbIX YKPbIBAKOLLMX Cpeaax. Annapar
nmeet 3@EKTUBHYIO aBTOMATUYeCKyto BanaHCMpoBKy, YTO 06ecrneynBaEeT BbICOKYHO
YCTONUYMBOCTb €ro paboTbl. Mpnbop MMEET CBETOBYHO 1 3BYKOBYHO MHAMKALLMIO. [1py 3TOM 3a
CYeT MNPUMEHEHMA 3BYKOBOrO reHepatopa C ynpaefiAemon 4yactoton (VCO)
obecneumBaeTcA yKasaHWe TOYHOMO MECTOMONOXEHWA npegmeTa (pinpointing).
HomunHanbHoe HanpaxeHue nutanuA npubopa 9 B (6 anemeHToB TMnopasmepa AA).
PabotocnocobHocTb npubopa COXPaHAETCA NPU CHYXKEHUW HANPAXKEHWA NUTaHWA 0o 6 B.
Mpu cHWXeHne HanpAxeHuA 0o 6,5 B 3aropaetcA nHpukatop "bartapen”, npepynpexpa-
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MeTannouckarenu

HOWUA 0 HEOOXOAMMOCTM 3aMeHbl SNIEMEHTOB NuTaHWA. [danbHOCTb 06HapyXeHuA
npenmeToB coctasnAet: MoHeTa 5 kon. (CCCP) He meHee 0,2 M, kacka He meHee 0,7 M.

MpuHuunuanbHaa cxema npubopa npueepeHa Ha puc.19 (cTp.22-23), a cxema
MOAKJTOYEHNA K MnaTe MeTannonckarena - Ha puc.20.

4.3. Metannouckarenb Ha 6ueHunax (tuna BFO)

B Habop BxomAT: petanu, nevatHaA nnara M cxema. OONOfHWTENbHO K Habopy

petanen notpebyeTtcA pepeBAHHAA WM MeTanMyeckan LTaHra U KyCok nMpoBOJIOKW AJ1A

3aKpenyeHWA KaTylwKu, a Takke rofloBHblE TenedOoHbl MM Kanctonb OT TenedOHHO

TPY6KM M MOHTaXKHblE

nposoga. K  Habopy [ ﬁ R L
2 ommens

npunaraeTcA WHCTPYKLNA | L o™ @
no cbopke. SeAn

| _OA
MeTtannouckatenb (o
nossonAeT obHapyxusarb

"YYBCTBUTENbHOCTbL"

Takue npeaMmeTbl, Kak E“‘“"“’ o uo ?]mm
KPbILUKA KaHann3aLnoH- o3 66 .
HOTO JIIOKa, Ha rnybuHe oo T W
65 cM, nATtak (CCCP) Ha e ¥ "BATAPES"
rny6buHe 0o 10 cm. 20 G——
JT0T MeTannoucka-
TeNb MOXHO M3roTOBUTb 190
CaMOCTOATENbHO, 3aKAa3as 12 95) z 8 sy
Habop B uM3paTenbcTBe !
(cTp.62). g
i 3
MeTanqzmmzLKL;l:enn:MﬁL?nﬁ TMETAIIT HA13n-25 Puc.20
uMnuanbHaa  3nekTpuveckan 1 | s
CcXemMa KOTOpOro MpuBefeHa Ha pp  Kews14DDTLDDZ _]_ 09 st o5
pvc.21, OCHOBaH Ha CPaBHEHMM ] 10k R5 150k 0,047MK| Somc |
yacTotbl  KonebaHwin  OBYX 0.022 s Kesis. 70D1, DD2wd B4 _ &
reHeparopos, onoptoro u Rl 4 4700 oLz ots T
nepectpansaemoro. Y opHoro [ 1 |
W3 HWX YacToTa cTabuibHa, Y [ ! =3 C5 =
ApYIOTO  MIMEHAETCA  MOA | L T "",‘,’)1""’:_%
BO3MeNCTBUEM Ha ero | ) J100 QPro0is T o RO 180k
KonebartenbHbIN KOHTYp b=-— =
L1 1,2mMlH

MeTannn4eckoro NpeameTa.
OTO 0fHA M3 NYYLLUX CXEM DD1 K176mA7

meTasinoncKarens p§60Tarou.|.a;j DD2 K176/1A9

no npuHuuny éuexunin. ONopHbINA

KBapLLeBbIA reHepatop paboraer Puc.21
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MeTannouckarenu

Ha yactote 1 MI, a ocHoBHOW - Ha yactote 200 KIi, 4TO 3HAYMTENbHO MOBbILIAET
YyBCTBUTENbHOCTDb, TaK Kak BUEHWA BO3HUKAKOT MEXy OMOPHON YacTOTON U rapMOHUKON
OCHOBHOro reHeparopa. Kpome TOro, MCnonb3oBaHWE KBapua MWCKYaeT BAWAHWE
OCHOBHOrO reHeparopa Ha OMOPHbIA reHepaTop, YTO TakXKe MOBLILLAET YyBCTBUTENbHOCTb
npubopa.

O6pa3suoBblii  reHepatop MeTannouckarenA BbINOSIHEH Ha [ABYX 9fIEMEHTax
Mukpocxembl DD2 n HacTpoeH Ha uactoty 1 M. Tpebyemyto ctaburiibHOCTb 4acToThl
obecneunBaet kBapueBbli pesoHatop ZQ1. B nepecTtpamBaeMoMm reHepatope
1Cnonb30BaHbl ABa 3nemeHTa Mukpocxembl DD1. Ero konebarenbHeii koHTyp L1, C2, C3,
VD1 HacTPOEH Ha YacTOTy HECKOJSIbKO COT KumorepL,. [nA HACTPOMKU KOHTYpa NpUMEHEH
Bapukan VD1, HanpAXeHWe Ha KOTOPOM PerynupyroT nepemMeHHbIM pesuctopoMm R2.
Cmecutenb BbinonHeH Ha anemeHTe DD1.4, B kayectBe OydepHbIX MCMONb30BaHbI
anemMeHTbl DD1.3 n DD2.3, nHOMKaTopoM noucka cry»<ar rofioBHble TesiepoHbl BF1.

MeTtannouckatenb CMOHTMPOBAH Ha nevyaTHoi nnare u3 oNbrMpoBaHHOMO
CTeKnoTekcTonuTa TonwmHon 1,5 MM. [nata paccuMtaHa Ha YCTaHOBKY MOCTOAHHbIX
pesuctopos MJ1T-0,125, MJI1T-0,25, C2-33-0,125; koHgeHcaropos C2, C3, C5...C7 tTuna KM-
4...6 nnn K10-7B 1 K50-35 (ocTanbHble). [onckoBan kaTyLlka MeTanionckatenA HamotaHa
nposogoM M3JILLO 0,27. Mocne HaMOTKU KOMbLO OBEPHYTO NEHTON U3 antOMUHUEBOM
donbrn [NA SNEKTPOCTAaTUYECKOr0 IKPAHWPOBAHWMA (HEOOXOOMMOro AnA YCTPaHEHMA
BJIMAHNA eMKOCTU MEXAY KaTyLKoW u 3emnen). Mpu HAMOTKe NEeHTbl CRERYET NOMHMUTD,
YTO O3NEKTPUYECKUIA KOHTAKT MEXAY €ee KOHLAMW HeponyctuMm. [OnA 3awwutbl oT
noBpexaeHun onbry obmatbiBaloT OAHUM-ABYMA CAOAMU MNOSMBUHWUAXIIOPULHON
M30NALNOHHOW NeHTbl. CnepyeT OTMETUTb, YTO AUAMETP NOUCKOBOMN KaTYLLKN MOXET ObITb
KaK MeHblUe, TaK U 60nblue ykasaHHbIX 3Ha4YeHuin. C ero ymeHblueHneM "30Ha 3axsara"
cyxaetcA, Ho npubop ctaHoBuTCcA 6onee 4yBCTBUTENbHLIM K MESIKUM MpegMeTam, C
yBESIMUYEHMEM >ke, HaobopoT, "3oHa 3axeaTa" paclUMpAeTCA, a 4YyBCTBUTENIbHOCTb K
MESNKUM npeaMeTaM CHWXKaeTcA. [nA uHOMKauuu noucka B npubope MpUMEHEHBbI
ronosHble TenedoHbl TOH-2.

MuTaTb MeTannouckarenb MOXHO OT NoBoro WCToYHMKa Hanpsxenunem 9 B,
HanpumMep oT akkymynatopa 7[0-0,115 wnu ot 6arapeu Tuna "KpoHa" unm aHanoruyHomn
MMMOPTHOIO MPOWU3BOACTBA. BMECTE C WCTOYHMKOM MUTAHWA CMOHTWPOBAHHYHKO MnaTy u
opraHbl ynpasfieHWA MoMeLaT B HebOoNbLUy MNAOCKYD MEeTananveckyto Kopoobky
(naTyHb, nyxeHaA »ecTb TonwmHon 0,4...0,6 MM) 1 3aKPEnNAKT NOCAEQHIO Ha LUTaHre,
M3rOTOBNIEHHOW M3 AOPaNFOMUHUEBON TPYObl BHELIHUM AuaMeTpom 16..20 MM (MOXHO
NCnonb3oBaTb CTapyr JbDKHYHO nanky). K ee npoTMBOMONOXHOMY KOHLY KpenAT
MOMCKOBYIO KaTyLLKy. Yron MeX[y MockoCTbio €€ BUTKOB M OCbto LuTaHri 55...80°. AnA
yoobcTBa XpaHeHMA W TPaHCMNOPTUPOBKU METaNIoMCKaTeNA MOUCKOBYHO KaTyLLKY
uenecoobpasHo cpenartb CbEMHOW, NPEedycMOTpeB AfA 3TOW LEenu MNOoaXOAALLUR
KoakcnanbHbll pasbemM. C nnaton YCTPOMCTBA KaTyLIKy >XKEnaTtefbHO COEAUHUTb
KoakcuanbHbIM Kabenem (ero NoroHHaA eMKocTb MeHblle U Bonee crtabunbHa, Yem y
3KpaHupoBaHHOro nposoAa). [lepecTpavBaemMbll reHepatop MeTannounckarens
HacTpamBaloT Ha u4actoty 100..200 kI, nopbupaA koHpeHcatop C2 npu CpepHem
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MeTannouckarenu

NnonoXXeHWn ABwxka pesuctopa R2. 3apaua cBogutcA K TOMYy, 4TOObl MPW BO3MOXHO
60nbLUEeM OTHOLLEHWM YacTOT 06pa3sLOBOro U NEPECTPanBaeMoro reHepaTopoB NoyYnUTb
rPOMKMWIA CUrHan pasHOCTHOW 4acToThl B TenedoHax. YactotTy nepectpavBaemoro
reHeparopa KOHTPOSIMPYOT YaCTOTOMEPOM Ha BbIXOAe dnemeHTa DD1.3 unu BosiHOMEPOM,
MOLHECEHHbIM K MOMCKOBOW KaTywke L1. Yactota kBapueBoro pesoHatopa ZQ1 MoOXeT
6biTb Ntoboi B npepenax 0,5...1,0 M.

4.4. Metannounckarenu Traker FM-1, Traker FM-2

MpuHUMN OeicTBUA 3TUX MeTansionckaTenen OTNIMYaeTCA OT KIacCUYeckux CXem
MeTannouckareneir (Ha OuenuAx, "npuem-nepepava’, MHAOYKUUOHHBIA). C  Lenblo
YCOBEPLUEHCTBOBAHWA MeTannouckarena Ha buenuax (BFO) B npepnaraemom npubope
OTCYTCTBYET OMOPHbIA reHepaTop, a NPOCTO U3MEPAETCA M3MEHEHWE YaCTOTbl MOMCKOBOIO
reHeparopa € NOMOLLbHO 3NEKTPOHHOrO YacToToMepa. ATO NO3BONMIIO0 Obl YATK OT rNaBHOM
npobnembl BFO metannouckatenei - 3axsara 4acTtoTbl. [JOCTOMHCTBa Npepsiaraemoro
npubopa - NpocToTa KOHCTPYKUMM, Manoe noTpebnexue, npubop npakTMYeckn He
HY)XQAeTcA B HacTpoike. B otnunume ot BFO-meTannoucatenen atot npubop ymeert
oTnmyatb heppoMarHUTHbIe NPEAMETbI OT NMPEAMETOB U3 LLBETHLIX METANIOB.

HanbHocTb 0bHapyxeHuA MoHeTbl 5 kon. (CCCP) - 10...17 cwm.

Mpubop pabortaer cnepytolmm obpasom. CHavyana usmMepAeTcA nepuog konebaHuii
reHeparopa BLanu OT MULLEHEN, 3TO 3Ha4eHne BepeTcA B KayecTBe 3TanoHHOro. 3ateM B
LiMKI1e NPOM3BOAMTCA 3MEPEHNE NEPMOLA YacTOTbl U BblYMTAHME 3TASIOHHOIO 3HAYEHNA.

B cratnueckoM pexume 3Ta pasHOCTb MOABepraetcA "norapudoMUpoBaHMIO" 1
NOQAETCA Ha MHAMKALMIO - 3 CBETOAMOAA MHAMLMPYHOT YXOL YacToThbl B "MAKOC" U CTOMNBKO
xe B "MuHyc".

B OMHaMW4eCcKoM peXmMMme MOonyyYeHHbIe AaHHble MOABEPrakTCA COrnacoBaHHOM
KBasuonTuManbHoi counsTpaumn. 310 NO3BONAET OTCOMNLTPOBATb NONE3HbLIA CUrHAN Ha
oHe MoMex OT rpyHTa W OT ApYrux pectabunusnpyrowmx aktopos. Kpome CBeToBOM
VHOMKaumn B npubope peanu3oBaHa W 3BYKOBAA WHAMKALMA - KaXOOMy CBEToguopy
(kpome HyneBoro) COOTBETCTBYET 3BYKOBOM CUMrHAN OMPEAENEeHHOR YacToThl, TakK YTo npu
MOWCKE MOXXHO OFPaHNYUTBLCA CMYXOBBIM KOHTPOMEM.

Ceivac nmeetcA pBe Mopudwmkauum metannouckartena. MepsaAa, Traker FM-1,
MOMHOCTLIO AOCTYNHA ANA CAMOCTOATENIbHOMO NOBTOPEHUA.

RESET PacnonoxeHue 3/IEMEHTOB
]]:\ [s’o'| j_—r CMOHTVUPOBAHHOIO 3NEKTPOHHOro 6noka
oooooo = _]° npubopa Traker FM-1 npuBepeH Ha

Rs_:,_ _em puc.22, a ero MPMHUMNMANEHAA CxeMa -
o cor - || Ha puc.23. YepTtexx nevaTHom nnathl - Ha
Dﬂ cs:l” % puc.24. lporpamma  paboTel  Ha

52‘: Accembnepe MUKpPOKoHTposnepa npubopa

Traker FM-1 npuBepeHa Ha cante
http://aleksandr-serbin.hotbox.ru

51 E
R1 O

Puc.22
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MeTannouckarenu

Ha3sHaueHne nepekntovareneit metannouckarena Traker FM-1:

S0 - cbpoc npubopa;

S1 - 3ape3epBnpoBaH;

S2 - Bkn - nopor 06HapyXeHWA BbICOKWIA, BbIKN - HU3KMIA;

S3 - BpemA uamepenna Bkn - 30 mc, Boikn - 120 MC (LA MeAIEHHOro Noucka);
S4 - asTonopcTpoiika Bkn/Bblkn (TONKO ANA AMHAMUYECKOTO PEXUMA);

S5 - pexxum Bkn - ctaTuveckmit, Bulkn - puHamMmyeckui.

I = Zo
J;_L B sh8oay Wi
o Te |£2 gs Sa K
cs RESET ([ 99119 »
0.1 ¥ ! 1! VDZH 2
I Cc4 8 _J |_l_'4 RS
cr+ 4700 L1 20 p2 VDJK} -1
1 § PDO| . |PBT H2 .
s1 —-3-{eD1|  (PBs (18 VD4
DL Rl & _—frrnz pes 17 [—H—-n
53 1 Tlpps| |PBa ™
L 4 s saf— 1w & Prafls—— D5,
2 S5 1 9 1pps| S |pB2[14 11
6 3 | 1 ppg| = |pe1 |13 ™
J_ 2 7 & mope 1L & |PRofL2 e |,
Icz* NESSS H L ¥ Wy é “w
1 5 VD7 1
© Ls g =0 iz K 3
10MHz
wTl G I s,
- - Puc.23 N Puc.24

Traker FM-2 aBnaetcA ynydweHHon Bepcuen npubopa Traker FM-1. B npubope
peanu3oBaHbl HEKOTOPbIE HOBbIE MAEN, & TAKXKE NOXKENaHWA TEX Knagouckarenen, Kotopble
y>xxe usrotosunu 1 nopaboranu ¢ Traker FM-1. Tpexpe Bcero, NOMHOCTbIO MepenucaHo
nporpammHoe obecneyeHne (NoCnepHAA BepcuA ero umexyetca V3.2). Tenepb B npubope
npv 06paboTtke ncnonb3yerca 16-paspagHan apumMeTuka (paHbLue bbina 8-paspagHan). B
pesynsrate AMHaMWYECKUMA AuManasoH Metannouckarena pacwupunca B 256 pas! 310
NO3BOAWIIO OTKA3aTbCA OT aBTONOACTPONKM 3@ HEHaR0BHOCTLIO. Tenepb Npubop He cobout
faxke npu nogHeceHun pamkn BrjiIOTHYHO K 60nbLLIMM MULLEHAM. Kpome TOro, BBEAeHa
nnaBHafA perynmpoBka YyBCTBUTENbHOCTM npubopa. Temepb B 3aBUCWMOCTU OT YPOBHA
NMOMEX B MECTe noucka Wnu Kakux-nmbo ppyrnx OBCTOATENLCTB MPU MOWCKE MOXXHO
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YyBCTBU-TENIbHOCTb C
MOMOLLLbID  MEePEMEHHOro
pesucTopa. Hanpumep,

YMEHbLWNTb €€, 4Tobbl He
66110 OTKNMKOB OT MENKMX
obbekToB unu, Haobopor,
BbICTABUTb €€ Ha rpaHu
NOXHbIX cpabatbiBaHuii AnA
nosiyyeHnA  NpenenbHoMn
UyBCTBUTENLHOCTW. B Bep-
cun nporpaMmmMHoro obecne-
YeHnA V3.2 Tak xe, Kak 1 B
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MeTannouckarenu

Bepcum V2.0, CNonb3yeTCA PeXXM 3HEProcOeperxeHuA.

Cxema  anekTpuueckas
npuHLMUNUanbHaA MeTansno-
uckatena Traker FM-2 npuse-
peHa Ha puc.25, a ueprex
neyvaTHon nnathbl - Ha puc.26.
HasHaueHve opraHoB ynpasneHua
meTannouckarena Traker FM-2:

S0 - cbpoc npubopa;

S1 - pexxum Bkn - ctatuyeckui, Boikn -
AUHaAMUYecKui.

R6 - perynupoBka YyBCTBUTENBHOCTY.

Ha ocHoBe npuBeneHHbIX
Bbille cxem cupmonn "Mactep
Puc.26 KUT" BbinyLleHbl KOHCTPYKTOPbI

KIT NM8041, NM8042 (cTp.62).
NMonesHaAa uuchopmauua

Tracker FM-2 :

O

Burar 3 usineHoro kogekcy Ykpaitn

Crarta 343. HabyTTA npaBa BnacHoCTi Ha ckapb

1. Ckapbom € 3akonaHi y 3eMai UM MpUXOBaHi iHWMM CNOCOBOM FpoLi, BANHKOTHI LIHHOCTI, iHLWI LiHHI peui,
BACHWK AKNX HEBIAOMMIA ab0 32 3aKOHOM BTPATUB Ha HUX MPaBO BNACHOCTI.

2. Ocoba, Aka BuABMNa ckapb, HabyBae nMpaBO BAACHOCTI Ha HbOTO.

Akwo ckapb 6yB NMpuxoBaHWA y MaWHi, IO HaNeXwTb HA NpaBi BNACHOCTI iHLWii 0cobi, ocoba, Aka BUABMNA
7oro, Ta BNACHUK MalHa, y AKoMy ckapb 6ys npuxoBaHuil, HabyBaroTb Y piBHUX YacTKax Npaso CMiflbHOI YaCTKOBOI
B/TACHOCTI Ha HbOTO.

3. Y pasi BuasneHHa ckapby ocobolo, AKa 3[iCHIOBANa PO3KOMKM UM MOLLYK LiiHHOCTER 6e3 3rogu Ha ue
BNAcHWKa MaiHa, B AKOMY BiH 6yB NpUXOBaHWiA, NPaBO BNACHOCTi Ha ckapb HabyBae BNacHWK LibOro MaiHa.

4.Y pasi BuABMEHHA ckapby, WO € nam'ATKOK iCTopii Ta KymbTypu, NpaBo BNACHOCTI HAa HbOro HabyBae
Aepxasa.

Ocoba, Aka BUABMNA Takwi ckapb, Mae MpaBO Ha OAEPXAaHHA Bif, [epXaBu BUHArOPOLM Y PO3MIpi fo
ABaALATM BICOTKIB BifL 1A0ro BAPTOCTi HA MOMEHT BUABMNEHHA, AKLLO BOHA HEraiHo NoBifoMuna Miniuii abo opraHoBi
MiCLLeBOr0 camoBpAfyBaHHA Npo ckapb i nepepana 1oro BIANOBIGHOMY — [iepXaBHOMy opraHosi abo opraHoBi
MICLIEBOr0 CaMOBPALYBAHHA.

Akwo nam'ATka icTopii Ta KynbTypu Gyna BUABNEHA Yy MaWHi, LWO HANEeXWTb iHWii 0cobi, LA ocoba, a Takox
ocoba, AKa BMABWIA Ckapb, MaKTb NPaBo HA BWHArOpPOAy Y PO3MIpi B0 LECATM BIOCOTKIB Bif BapToCTi Ckapby
KOXKHa.

5. MonoxeHHA L€l CTaTTi He NOLMPIOKTLCA Ha 0Cib, AKi BUABMNM Ckapb nig Yac po3konoK, MOLLYKIB, L0
NPOBOAMNMCA BIANOBIAHO [0 iXHiX TPYROBMX ab0 AOroBipHUX 060B'A3KIB.

Burar 3 Kpuminansroro Koaekcy Ykpaitin

Crarra 193. MpuBnacHeHHA 0coH0H0 3HatAeHOro abo YyXoro ManHa, Lo BUNaLKOBO OMUHUNOCA Y Hel

MpuenacHeHHA 0COB0K 3HAWAEHOro abo Takoro, L0 BUMAAKOBO OMMHWIOCA Y HEY, YyXOro MawHa, Ake
Mae 0cobmmBy iCTOPUUHY, HAYKOBY, XYROXHIO Ui KyNbTYPHY LIiHHICTb, & TaKoX ckapoy, -

KapaeTbCA LWTpacioM A0 M'ATAECATU HEOMOAATKOBYBAHMX MiHIMYMIB [OXOAIB rpomapAH abo BUNpaBHUMM
poboTamu Ha CTPOK 0 ABOX POKiB, abo apeLuToM Ha CTPOK 0 LIECTU MiCALB.

BnokHot “Pagioamartopa” Ne 7 E'l',l




TpaHcuBepbl

TpaHcuBep - 3T0 YCTPOMCTBO, KOTOPOE HECKOSbKO OTAIMYAETCA OT MPUHATOrO KOraa-To
y Hac onpegeneHua “npuemonepepatuuk’. Korga coctaButesls 3T0ro COOpHMKA
npenogasan paguonepegaroLLme yCTponcTaa, T0 paguoCcTaHUMAMM TPAHCUBEPHOrO TUNa
Mbl CUATaNM Takme NpuemMonepenaTyumki, B KOTOPbIX HEKOTOpble B510KM MCMONb30BauCh 1
Ha npuem, 1 Ha repepady, Hanpumep: npuemHbin YHY ncnonb3oBancA kak mMogynatop
nepefarynka, CUHTe3aTop YacToT M TPaKT ycuneHua 1 npeobpasoBaHuA HOPMUPYEMOrO
npu nepepave curHana npyu npueme CTaHOBUACA reTepoamMHOM U TpakToM MY, aHTeHHbIN
TPaKT TOXXe 06LLMIA.

Takum 06pasom, TpaHCMBEP ABAETCA YCTPONCTBOM CBA3W B CUMIMIIEKCHOM pPeXume,
TO ecTb paboTaeT pasfenbHO CHayana Ha npuem, NoToM Ha nepepady. Takol pexxum
BMOJIHE COOTBETCTBYET HOPMAaNIbHOMY YenoBeveckoMy obLLeHuto, Koraa asa cobecenHuka
NoOYEPeam BbipaxatoT CBOK MbICHb, M HUKTO NPU 3TOM B Pa3roBOp He BMELUMBAETCA.

B omnune oT paspenbHO UCNOMb3yeEMbIX MPUEMHMKA W Mepepatynmka TpaHCuBep
umeer 60fee CNOXHYK KOHCTPYKLMIO, B KOTOPOA C MOMOLLbHD [OMOSHUTENLHON
KOMMYyTaLUU MPOUCXOANT MPUCMOCOONEHNEe COBMECTHO MCnonb3yemblx 6nokoB AnA
paboTbl B TOM MAW WHOM PEXWME, OOHAKO 3TO YCNOXXHEHWE C JIMXBOW OKynaeTcA
COKpaLLeHMeM Macco-rabapuTHbIX M CTOMMOCTHBIX XapakTeEPUCTUK TpaHCuBepa.

W Bce-Taku U3roTOBSIEHWE CBOEro TpaHcuBepa Af1A paguontobutena - 310 TPeTUi
aTan, Korga OH npoLuen nyTb OT Habnwoparena (1-i aran - NPUEMHWK), BNepBble BbiLEN B
3chmp v Habpan koe-Kakom OMbIT (2-n 9Tan - Nepegaryuk), a Tenepb HacTynuIO BPeMA
COBEpLUEHCTBOBATb CBOK anmapartypy M HaBblku oneparopa (3-1 atan - TpaHcueep). He
BCe paspabarbiBatoT CBOM COOCTBEHHblE KOHCTPYKLMW, B OCHOBHOM MOJfb3YHOTCA
KOHCTPYKLMAMM OMNbITHBIX MacTepoBs, npoLuefluunx 6onbLUOi nyTb B paguontobutenscrae,
3HaKLWMX, YTO HYXHO Aenartb, M YMEKLWMX BOMAOTUTb 3adyMaHHOe B peasibHyto
KOHCTPYKLLMIO.

B paovonobutenbCkux KypHanax perynApHO neyatarTcA  KOHCTPYKL UKW
TPaHCUBEPOB KaKk AA HAYMHAOLLMX HA OLMH OManasoH, Tak U AfA OMbITHLIX ONepaTopoB
MHOropmanasoHHole, /I B npowsomM rogy, M B 3TOM TOXe >kypHan “Papioamarop”
onybnunKoBan HECKONbKO CXeM TPaHCWMBEPOB. Kak npaBusio, 310 Obin COXHbIE CXEMBI,
o6bem nybnukauum - 5-6 HOMepoB, YTO COCTaBNAET BOJbLLE CTPAHWUL, YeM ECTb BO BCEM
“bnokHote “PA”, noatomy Mbl 0To6panu Hanbonee NpPoCTbIE CXEMbI, KOTOPbIE MO3BONAT
yuTaTeNto COCTaBUTb MPEACTaBfeHe O TOM, YTO M Kak HYXHO Aenarb, yTobbl Havatb
CTPOWUTb COBCTBEHHbI TPAHCUBED.

MNepBaa cxema Hemewukoro paguontobutenA Ypo, DL2YEO, koTopbIA CYMTaeT, yto
NPOCTOTa KOHCTPYKLMM - 3TO NPEUMYLLECTBO €ro CXem, KpoMe Toro, OH yenekaetcA QRP,
MO3TOMY ero paspaboTkn 06bIYHO ManoOMOLLHblE. TakoB TPAHCMBEDP €r0 KOHCTPYKLMM Ha
30 m 1,5 Bt CW (puc.1). ¥ aBTopa 6bI10 HECKONBKO MUKPOCXEM BULEOYCUNWUTENER Tuna
NE592 c¢ nonocon 120 MIL, nNo3TOMy OH peLunn uX UCMoNb30BaTb, W B pesynsrare
NOSYYUNCA CYNePreTepoanHHbIA TPAHCUBEP, B KOTOPOM 3TW YCUIMTENN CTOAT U B TpakTe
papuovacTothl, 1 B YMNY, n 8 YHY.

Beicokana pabouan yacTota kBapua Q1 14318 kI, no3sonAeT nepekpuiBatL paboumi
pmanasoH 20 klMy 6e3 pononHuTenbHbIX npucnocobneHun. Yactotra npuema
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TpaHcuBepbl

+BV g LAV
— L
n ICs c13 gg

¢ u I c6 Q2 c2 c7 3 13 | e | on Ic4

A

Cc2

AN

C4 c10 C12

Q1 1 Vo1 co

=
)

R11k R210 P12,2k
13,3 €320...320 C7330 c2
€2, €9, C19, C205...90 1
¢4, C5, C6 56 R2

€8, C17, 22220 Y b2

C10, C11 1800 16 U o Rt |o
C122,2mk C13100mkx 25 B N v

C14, C18,C21 0,1 mx — D3 CH L5
C1547mkx 16 B C16 100 mx >< >4 ’
c16
IL
]

L17T50-2, 30 t primary 3 t secondary

L2 Diameter=4 mm, Hight=12 mm, hd LA~ VT2
approx. 2 x 16 t and 3 t (RF pick up)
L3 T37-6, 35 t primary 5 t lary Qs
L4T37-6, 35t o L o1 O Taste o2 Pl
L5 T44-2, 5 t bifilar primary 5 t secondary c17 T_/

Dr133mH Dr2FT137-43, 16t

Q1 14318 kHz Q2, Q3, Q4 4194,3 kHz IC1, IC3, IC6 NE612 DIP

D1, D2 BAT 42 D3 1N4148 IC2, IC4, IC7 NE592-N8 DIP IC5 78L06

VT1, VT2 2N3906 with a small heat sink KH Headphones Ri > 1 kOhm, 25V nc. 1 IC6

nepectpaunsaetcA B npegenax 10100...10120 Kl ¢ NOMOLLbIO KaTyLLIKK
L2, KOHCTpyKUMA KOTOPOW (puc.2) aBTOPOM BbiGpaHa B pesynsrare |

3
BUTKa
MHOIOYMCIIEHHBIX UCMbITAHUA. I 216

CwvrHan retepogiHa noctynaetr Ha cmecutens IC1 yepes 3-

BUTKOBYID  KaTyLUKy CBA3M, MOJITOMY CMECUTENb 3anuTbiBaeTcA
CUMMETPUYHO. KaTyLuka CBA3M NCMONb30BaHa BMECTO KOHAEeHcaTopa o1
no MpWYMHE TOro, YTO MPOMCXOAMNA yTeyka pPagmoyacToThl Ha Puc.2
eMKOCTH.

Ha mwukpocxeme 1C2 cobpaH YIY, curHan C KOTOpPOro NOAAETCA Ha BTOPOM
cmecutenb 1C3. KoHTypom cmecutena AenAetcA Lenouka Y3, C8, C9, nmeroLan BbICoKue
CENeKTUBHbIE XapakKTepPUCTUKW BO3Ne 4acToThl NapannenbHOro pesoHaHca Ksapua
4194 k. BbIxop BTOPOro CMECUTENA, Kak M MNEepBOro, HanpAMYK COedMHEH C
oudpepeHumansHbiMu Bxopamu yeunutena IC4 pnA yMeHbLUEHWA Yucna HaBECHbLIX
anemMeHToB. BTopoi cmecnTens paboTaer kKak CUMHXPOHHbIA OETEKTOP, HA BbIXOAE KOTOPOro
cospaetcA curHan HY, orpaHnyeHHbI coHpeHcaropamu C10-C11.

YactotHan xapaktepuctuka YHY IC4 onpepenaetcA napameTpamu uenoyvkn DR1-
C12, ero koahdumumeHT ycuneHwa coctasnAeT 42 gb Ha uactote 660 li. YcuneHwe

BUTKOB
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TpaHcuBepbl

MPUEMHOr0 TpakTa perynupyeTtca no paganovacTote NnepemMeHHbIM Pe3MCTOPOM B aHTEHHON
uenu (T.A). Mukpocxema YHY nMeeT BbICOKOE BbIXOLHOE COMNPOTUBIIEHWE, MOSTOMY Ha ero
BbIXOL MOAKMIHOYAOT HAYLIHWUKW conpoTuBneHneM He MeHee 1 kKOm. Jlyywe 6bino 6ol
ncnonb3oBatb ANA MOAKIOYEHUA HAyLWHWKOB MUKpocxemy LM386, opgHako asTop
nocyuTan, YTo Jiyyile Ucnonb3oBaTb OANH HOMUHAN MUKPOCXEM.

B nepepatowiem Tpakte Takke wucrnonb3oBaHa Mukpocxema NE592 B kauecTse
npegsaputensHoro YMBY, kotopaAa, 6naropapA OTHOCMTESIbHO BbLICOKOMY BXOOHOMY
COMPOTUBNIEHWIO, MOACOEAMHEHA HEMOCPEACTBEHHO K napanfienibHoMy pe3oHaHCHOMY
KOHTYpy L4-C19. BbixogHOW MOLLHOCTM LmMpokonosiocHoro YMBY poctatouHo pnA
packayku ogHokackagHoro BbixogHoro YMBY Ha npotmBodasHbix TpaHsuctopax V11, VT2.

OgHa napa p-n-p TpaH3uctopoB Tuna 2N3906 BMecTe C HACTPOEHHbIM PE30HAHCHBLIM
KoHTypoM C20-C22-L5 nponsBoauT CUHYCOMAANBHYIO BOSHY HYXKHOW YacToThl C MasibiMu
ncKaxeHnAMU. Mi3mepeHmne BbIXOQHOIO CMEKTPA NOKa3ano, Yto BTopan rapMOHUKa UMeeT
ypoBeHb -70 ob, a TpeTbA -37 ob oTHOCMTENbHO paboyeii yacToTbl (puc.3). MakcumanbHan
BbIXOHAA MOLLHOCTb NpubnuantensHo 1,5 BT npu HanpAXeHun nutanma Ub=13,8 B.

B pexume nepepaun kackap, YMNY 6nokupyetcA P =Tra
neymA avopamu LLotku D1-D2. Mopaua HanpsxeHnal |1f
Ha 3MUTTEP NEepBOM TPAH3UCTOPHOW Napbl BHYTPM
NE592 oTHOCMTENBHO MacChl Yepe3 KOHT.2 BbIFAQMUT
rpyboearo, 0gHaKo, MO MHEHMIO aBTopa, 310 paboTaer.
MpuemMHWK  MNpakTMYecku  3aKpbIT, W  TOMbKO 1

10 dB/Div 37 BV

‘\
C06CTBEHHbIN nepenasaeMbilii curHan ‘ |
MNPOCNYLUMBAETCA KakK MOCTOPOHUIA TOH Ha 3apHem| || 0B
nnae.

3amepneHHbI CTapT KBApLLEBOrO reHeparopa Ha
Q4 w, cneposaTenbHO, 3amepjfieHHaA reHepauun Puc.3
nepenaBaeMoro CUrHana yMeHbLUatoT WHTEHCUMBHOCTb
obmeHa. Mepexon, OT nepegayn K Npuemy OCyLLEeCTBRAETCA HNOKMPOBKOW MepesatoLLero
TpakTa nyteM OTKnrYeHuA cmecutena Ha IC6 n gpaneepa Ha IC7 oT maccel. Kackag Y4
npuBogUTCA B paboyee COCTOAHWE C HEKOTOPOMW 3apepkon t2, noka koHpeHcatop C15
3apaxaetcaA uyepe3 IC2 u D1. Ota 3apepka YMEHbLIAET CAbILMMOCTb Liefnyvka npu
NepeKoYeHnn [0 TepPnMMOoro YPoBHA.

OTa cxema ynpaBneHnA CMEHOW pexumoB “npuem-nepepaya” (Rx/Tx) 6Obina
n3obpeteHa cneunanbHo AfA CPEAHEeRd CKOPOCTM MaHWMynAuuM, HO TpebyeT HWU3KOro
CONPOTUBNEHMA KMtoya. [py NOACOEONHEHUN 3NIEKTPOHHOIO Kva K 3TOMY TpaHCUBEpY
HeobxoguMo BKNOUUTL KoHaeHcatop 0,47 M@ mexay koHT.1 IC6 n katogom D3, uto
3aMeTHO ynyyLlaeT noBefieHne CUCTEMbI MEPEKMOYEHMA.

Mpuemonepepatunmk pabotaeT B AMana3oHe HANPAXEHWA JNEKTPONUTaHMUA
Ub=8...15 B. Bce WMPOKONONIOCHbIE YCUNMTENN NUTAOTCA HenocpeacTeeHHo ot Ub, B To
BpeMA Kak cxema crtabunusaumm IC5 obecneunBaer BCe cmecutenu ctabunbHbIM
HanpAxeHnem 6 B. Ouop D3 rapaHTupyeT, uto HanpsxeHne Ha koHT.3 IC7, koTopoe B
TEYEHNEe npuema MOXeT nogHumarbcA Ao +Ub, He npuuuHut Bpega IC6. Torpa IC7
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TpaHcuBepbl

ocTaetcA 6e3 NWUTAOWEro HanpmXeHWA U MO3TOMY He MPOU3BOAMT AOMOSHWUTENBHOMO
Lyma.

Mpuemonepepatunk notpebnAet 40 MA B pexxume nprema n go 180 MA B pexume
nepepaun. Bel MoxeTe yMeHbLINTL noTpebnexune TpaHcueepa fo 20 MA, ecnv 3ameHuTe
YHY IC4 pBOMHBIM OMEpaLMOHHbIM ycunuTenem, Hanpumep, tuna TLO72/082 wu
ucnonb3yete crabunuaarop IC5 6 B ¢ HU3KMM CTaTUYECKUM TOKOM.

[Be neyarHble nnatbl pasmepamu 5x10 CM € pa3MeLLEHNEM KOMMOHEHTOB MoKasaHbl
Ha puc.4-5 (npuemMHuk) n puc.6-7 (nepeparynk).

TS0 &
J8

13y ¢

OooT

Puc.4 Puc.6

BTopaa koHCTpyKkumA 6onee cnoxHana - ato TpaHemeep “ROSE-80"Ha 80 m, 5 BT QRP
CW, paspabotaHHbin M. Maptennom, N1HFX, n3 CLUA. ABTOp cuuTaert, 4to ero
npuemonepegarunk nogobeH Opyrum nNpoekTam, HO COLEPXMUT HEKOTOpble YHUKabHble
OT/IMUMA.

OCc0b6EeHHOCTN KOHCTPYKLMK:

1. MonHele 5 BT MOLWHOCTY cO3aat0TCA BbIXogHbIMKU KMOI TpaHsuncTopamu, Kotopble
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TpaHcuBepbl

ycTonumebl K Bbicokomy KCB v tensiosomy yxopy. Onu 6onee adpdekTuBHbI U MEHbLLE
rPELOTCA, YeM TPaAMULMOHHbIE BUMONAPHbLIE TPAH3UCTOPBI.

2. CynepreTepoauHHbIA NPUEMHUK 06napgaeT BbICOKOW UYBCTBUTESIbHOCTBHO U
n3buparenibHOCTbIO, OCHaLLeH YHY, nonoca ycuneHua kotoporo npubnuautenbHo 100 kI,

3. lonHoe npepbiBaHWe npuemMa npu MaHWNynAuuKM € YyHukanoHon T/R
(npuem/nepenava) KOMMyTaLWOHHON CUCTEMOM.

3aparowmin reHepatop (puc.8) Mcnonb3yet p-kKaHasbHbIA NoNeBon TpaHauctop Q1
™na MPF102 (moxHo Takxe 2N3819 nnu 2N4416) pna ctabunbHon pabotel 1 Bapukan gna
obecneyeHna Heobxogmumon HacTponku. KoHpeHcatopel C2 n C4 - broponnacTtoBble,
4T06bI MUHUMU3UPOBATHL TeNNoBON Apend, n C1 Tuna NPO (kepamuueckuit, Mansiin TKE).

82
RIT On

- & © +13.8V Tx
off § VR1
+8Vr +13.8 V
Switched
R8
47K R12 470
y R13
220
AAA——F =
RS 1K 470 R3 4
Tune Auf | 4 C8
c7
T50.6 c3 I Iom
1]
28T  9-50pf a1 = = R10

© To TX Mixer

IF Freq: 8.0Mhz
VFO Freq:  4.3Mhz I

Rec Freq: 3.7Mhz PVIC.8
To Rec Mixer

Ovametp nposBopa He KputnyeH pnAa L1, HO MOXHO WCnonb30BaTb NPOBOA,
puametpom 3,5 mm. lMepBbii 21 BUTOK HaMatbiBatoT Ha Topouae Tuna T50-6 (kentom) u
penatot oTBof. Hamorante elle 7 060pOTOB M COEONHUTE KOHEL, C MacCOi.

MopcTpoeyHbin koHpeHcatop C3 amametpom 5 mm 9...50 n®. TlMogperynupyiite C3
ANA HACTPOMKWM Ha >XenaTtesnbHblii guanasoH. [eHepatop pomkeH 6biTb B OuManasoHe
4,3...4,4 MIy,

Bapukan D2 tuna MV2109 moxHo nomeHATe MV2108. 3T0T aunop, TpyHO HalTh, HO
apyrve BbinpAMUTENbHble anogbl Tuna 1N4001 munu 1N4004 6ynyt pabotarb Hemnoxo.
OKCNepUMEHTbI C ucnonb3oBaHneM 6asbl U KONSEKTOPA 06bIYHBIX TPAH3UCTOPOB TaKXeE
nokasanu Hennoxue pesynsratbl. Bam Hy)xHO 6yneT npoboBaTb HECKONbKO AMOLOB WK
TPaH3NCTOPOB TOrO XE Camoro T1na, Ytobbl NOSYYNTL XKENaTeNbHbLIA AManasoH M3MEHEHNA
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TpaHcuBepbl

eMKoCTW. [TOMHUTE, YTO BbINPAMUTESNbHLIE AMOAbI U TPAH3UCTOPLI HEe BbIY U3rOTOBMEHI
LA Lenu HacTPOWKM C MOMOLLBbH eMKOCTM pP-n Mepexofa, Tak YTO OHW BCE WUMEIT
NPMMEPHO OAMH AnanasoH eMkocTel. Bapukanbl gator 60nblUMiA auanasoH, NoToMy YTo
OHW Tak u3rotoBneHbl. OpHAKO NpU Manbix 3HauYeHWAX TPebyMblx eMKOCTeR NofonpeT
noyTW nbon OMoL WM TPaH3UCTOP, Y KOTOPbIX eMKOCTb Mepexofa YMeHbLUaeTcA npu
YBESIMYEHUN MPUSIOKEHHOrO HanpAXeHWA. Kak 1 co BCEMU CUCTEMaMW HaCTPOWKW Ha
Bapukanax, 6ynet npoMcXoanTb CYLLECTBEHHDIA Apeiid) eMKOCTW B TeYEHME NepBbIX 3 MUH
pabotbl. meiiTe B BMAY, YTO AMOAbLI OYEHb TEMMEPaTypHO YyBCTBUTENbHbIE W Jyyllne
pesyneratbl 6yAeT NonyYeHbl, KOrAa 3akOHYEHHbIA MPOEKT MOMELLEH B TepMOCTaTUPYEeMbIN
Kopnyc.

MoteHuuometp R3 ucnonbayetcA AnA NNaBHOW HACTPOWKK, a noteHuuometp R5 -
LNA YNpaBieHnA HACTPOKon npuemMHuka eeepx (RIT), KoTopblii aeT gesnaLmio OKono 5
Kl'y. [AnA nenbiTaTenbHbIX Lenen BpeMeHHO nogcoeamHaroT pesnctop 10 kOm K pesuctopy
100 KOM Ha koHT. “BKJ1” (ON) nepekntouatena S2, utobol nossonutb RIT paboratb
LOMKHBIM 06pa3om. OTOT pe3ncTop MOXET BbITb yaaneH nocne Toro, Kak Cxema 3akoH4yeHa
1 nposepeHa. IC1 LM339 - 06bl4HbIi CHETBEPEHHBIA KOMMAPATOP C OTKPbLITbIM BbIXOAOM.
OT1a cxema obecneumnBaert BoikntoUveHne ynpasnerdua RIT B pexxume nepepayu.

VR1 Ha 5 B - mManomollHblii cTabunu3atop, HanpAXeHWe Bbixoga KOTOPOro
yBenu4yeHo o 8 B peanctopamu R12-R13. Tun Mukpocxembl 78L05 6bin BoibpaH 13-3a ero
HU3KOW LieHbl 1 MOXeET BbiTb 3ameHeH 7805 unu 78L08, Ho B nocnenHem cnyyae R12 n R13
LOMKHbI 6bITb YOpaHbI.

B cynepretepoaMHHOM NpUEMHIKe (pUc.9) BXOLHON CUrHan cOoMNLTPYETCA KOHTYPOM,
obpa3oBaHHbIM BTOPUYHOA 0O6MOTKOW TpaHccpopmaropa T1 n koHgeHcatopom C9. C9
MOACTPanBaroTCA AN1A NONYYEHUA MaKCUManbHOro YpoBHA curHana. 31ot curian 3,7 MIy,
nogaetcA Ha cmecutenb 1C2 Tuna NE602 Bmecte ¢ curHanom 4,3 Ml retepoguHa v
npeobpasyerca go 8 M. ConpoTuBIEHWE BbIXOGHOTO KOHTYpa M3 NepBUYHON 0OMOTKM
TpaHcdopmartopa T2 u koHpeHcatopa C12 npeobpasyerca BO BTOpUYHOM 06MOTKE T2 K
conpotuenexunto Bxoga B 50 OM Ha 8 Ml 3aneKTpoMexaHN4eckoro ounsrpa Ha KeapLax
Y1...Y4, KOTOpbIi OCYLLECTBAAET OCHOBHYH 136UpatesisHOCTb MPUEMHIKA.

KoHTyp L2-C21 npeobpasyet conpotusnexune 50 OM KpucTannmueckoro gunsrpa ko
Bxopy cmecutena IC3 NE602 Ha 8 My keapue. C Bbixoga CMECUTENIA CUTHAN 3BYKOBOM
YyacToTbl nocTynaeT Ha TpaHsuctop Q3, KOTOPbLIN CAYXWT AAA YaCTUYHOTO 3aKpbiBAHWA
npeMHuKa Ha BpemA nepepauun. [llockonbky 3peck HetT  YMY, Tpansuctop Q4
UCNOMb3yeTCA, YTOObI NOBLICUTL 3BYKOBOW YPOBEHDb Af1A packaykn YMHY IC4. Ouoapsl D4 un
D5 repmaHueBble, Cnyxar AfA KOMMPECCUU FPOMKUX CUrHanoB. FepmaHveBble Auopb
6binn B3ATHI NOTOMY, YTO Y HUX AYX HaumHaetca ot 0,3 B BmecTo 0,7 B y KpeMHWEBbIX.
MoteHunomeTtp R22 - perynatop rpomkoctu, IC4 - YMHY, obecneunBarolumii ycuneHma
curHana ofiA HayWHWKOB MW AMHaMuKa.

MoxHo 3amennTb NE612 apyrum Tuna NEG02, Tak Kak OH UMEET Ty XKe LLOKONIEBKY U
obecneunBaeT Te xe xapaktepuctuku. TpaHauctop Q3 MoxXeT 6biTb 3ameHeH 2N3819 unu
2N4416. TpaHsuctop Q4 He B3auMO3aMeHAEM.

Cmecutenu Ha NEB02 nonyuatot nutaHue 8 B ot crabunusatopa VR1, koTopblit
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TpaHcuBepbl

50t 100
FT37-61 1 8
———— o +8Vr
T c10 /\Q{\’ Tz Lo
T 2 12 1uf
n Aut [eT1 6 L Tazour
T 30T [Yco NEBO2AN [°—svFO - -
9-50 pf 3 Rec
= = = Mixer
== _| . 5 Y1-Y4 8.000Mhz
- Y1 Y2 Y3 Y4 c22
270pf 270pf
c12 | 27pf |—DI_|D DI o 220uf
c15 c20 i s
38V 15T e T
switched 270 | 2700f | 27001 [19 1
FT37-61 ——— D R e
T2 c17 " c18
_|_ 4t
R23 =
22 IN34A . +138V

D4D5 | Switgched

»l
L]

2

Auf | C27

LM38ON-8 =

onucaH B cxeme retepoauHa. YMNY 3pgeck He ucnonb3osanca, T.K. NE602 umeroT 6onbLuoi
Koa(PbpuumeHT ycuneHnA. OnbIT nokasan, 4yto ponosHuTenbHbln YMY He ynyywaert
136upaTenbHOCTH, HO MOXET CTaTb NPUYMHO Neperpy3kn OKOHEYHOrO CMECUTENA.

B cxeme nepegarunka (puc.10) renepatop 4,3 Ml Tenepb NOQKMOYAETCA K
cmecuTento nepeparyuvka IC5, roe cmewwmBaetcA ¢ curHanom 8 Ml kBapLesoro
resHepatopa, u4tobbl cospatb curHan 3,7 MIu. KoHpeHcatop C40 pomxeH O6biTb
OTperynupoBaH TaK, 4Tobbl HyXHaA (BepxHAA) 6GokoBaA monoca npochylwuBanach B
npuemMHuke npu nepegaye. TpaHcdopmatopbl T3 n T5 ucnonb3yotea anA dunsrpaim
HEXXenaTenbHbIX rapMOHMK 1 NoMex. T3 BOmKeH 6bITb NPMCNocobneH AiA MakCMMasbHOM
BbIXOHOWN MOLLHOCTU Ha BbICOKOYACTOTHOM YacTu AManasoHa, B TO BpeMA Kak T5 [OMmKeH
6bITb HACTPOEH Ha 6onee HM3KOYACTOTHYHO YacTb AuanasoHa.

Pesuctop R37 ynpaBnAeT BXo4HLIM UMMNEAAHCOM W BbIXOQHOW MOLLHOCTbIO, YTOObI
BbIXOAHAA MOLLHOCTb He npesbiwana 5 BT. Tpanauctop IRF510 MoxeT Bbigaears 60nbLUyO
MOLLHOCTb, HO €CTb PUCK HeycTonumson pabotbl ycunutena. B TpaHccopmatope T4
ucnonbayetcA budunApHaa obmoTka, yToObl COOTBETCTBOBATb BLIXOQHOMY MOAHOMY
CONpoTMBREHNIO yeunutenA. CrnrogAHble KoHpeHcatopbl C55 n C56 HeobxopuMbl, YTOObI
KOMMEHCNPOBATb MHAYKTMBHOCTb B LIENW YTEYKM W yBENMUMBATL CTabunbHOCTb paboThl
Kackapa.
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TpaHcuBepbl

+13.8Vin

R40 < 4.7K
cs58
01uf
To
Transmitter
Output

o

L5
T37-2 T37-2
C Antel
T oot 22T nna
IB2Upf I15l:ll:lp1' IB2Dp1'
= SM = SM = SM
C60 c61 )
Puc.1

To T/R Switch
and Low Pass
Filter

cs7
D1uf

R39 n C54 dopmupytot Lens OOC
BnA  nopgepxaHuA  ctabunbHOCTM.
CrabunutpoH D6 Ha 15 B sawmwiaer 6asy
Q8 or nepeHanpAxenuAa. Peauctop R38
npepoTepaliaer konebaHuA, KoTOpble
MHOrAa BO3HMKAKOT MPW MCMOMb30BaAHWUN
cTabunutpoHoB Ha 6asax MoLHbIx KMOI
TPaH3K1CTOPOB.

Uenb ynpasnenna T/R (puc.11)
ucnonb3yetr napy 1N4001 pguopos B
KavectBe mnepeknoyaresnibHbix. Ha 80 m
MPOCTO HET HEOBXOAMMOCTH UCMONL30BaTb
[oporve ManolymALLMe AMofbl, NoToMy
YTO MOYTM BECb LWYM, C KOTOPbIM
NPUXOAMTCA CTanKuBaTbCA, atMocdep-
HbliA. Bxog, npuemuuka ceAsaH ¢ C59. 3ta
uens T/R nossonAeT manomy curHany
paaynoYacToThl MPOXOANTL B TPAKT Npuema
AJ1A camonpochnyLwmBaHnA. KoHgeHcatopsl
C60...C62 - uvacTb BbIXogHOro @OHMY,
CINOLAHOrO TMNa.

OKOHEYHbIN TpaH3ucTop Q8
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TpaHcuBepbl

LOBONBbHO CTONKMIA K nepuopaM Bbicokoro KCB 1 y Hero manblin TenioBow opend.

QRPP TpaHcueep (MowHoCTb MeHee 1 BT) 6bin onybnukosaH B P 1/84
0. MeguHuom u3 r. Kuesa, UB5UG. OH cTaBun Lenbit0 cO3paHue NpocTedwero no
KOHCTPYKLMW, HO [OCTATOYHO HAAEXXHOro AJS1A CBA3W TpaHcueepa.

Ha puc.12 npusegeHa cxema npocTeiiwero TenerpadHoro QRPP TpaHcusepa anA
paboTbl Ha 10-MeTpoBOM Auana3oHe. OH COCTOWUT M3 reHeparopa Ha TpaHauctope VT1,
cmecuTena Ha guope VD3 u yeunutena HY (tpaHaucTopsl VT2, VT3).

Mpu npueme (nepekntouarens S1 B nonoxeHun «RX») amnnautyoa konebaHui
KBapL,EeBOro retepofmHa Ha katylke L1 orpaHuyeHa gnopgamu VD1. VD2 po yposHa 0,3 B.
YpoBeHb BbI6paH Takum, u4TOObl amnauTyga BTOPOW FApPMOHMKW reTepPOLUHHOro
HanpAXXeHuA, Bbige-NeHHaA koHTypoM L3C3, 6bina [OCTa-TOYHOW ANA HOPMasib-HOM
paboTbl cMecKu-Tena.

Mpu pabote Ha
nepegavy gwop VD1
3akpbIT, puop VD2
OKa3blBaeTCA BKJIHO-
Y € H H bl M
rocrefoBartesibHo C
BbICOKOOMHbBIMMU
rONOBHBLB MM
TenepoHamu  BF1
(conpoTuBneHumem
okono 1 kKOM) u He WyHTUPYeT KaTywky L1. HanpaAxeHue Ha KaTylwke MakCUManbHO, Y
TPaHCMBEP rEHEPUPYET MakCUMasibHY MOLLHOCTb B aHTEeHHy. bnarogapa gnopgam VD1,
VD2 yacToTa HanpAXXeHWA, reHepupyeman Kackagom Ha TpaHauctope VT1, npu nepepave
1 NpUemMe OTNINYAETCA Ha COTHU repLl, B pe3synbrare Yero BO3MOXHa CBA3b C aHAI0rMYHbIM
TPaHCUBEPOM (BO3MOXXEH CJTyXOBOW MPUEM TenerpadoHbIX CUrHasnos).

OnA 6onbllero ycuneHwa K TpaHCMBEpPY pekoMmeHgyetcA Ao6aBuTb ycunutenb
(pnc.13). Mpu atom koHpeHcatop C2 1 KaTywky L2 MOXHO MCKAYMTE. YMCNO BUTKOB
KaTyLwKu L2 0OomKHO OTHOCUTBLCA K YUCHY BUTKOB KaTyLiku L3 kak 1:12, L4 Kk L1 kak 2:11. L5
Kk L3 kak 1:3. OtBoq, y Katywwku L1 coenan ot 1/11 yacTtu BUTKOB, y L4 - OT cepenmHbl.

[aHHble KaTyLlek:

L1 - 2+22 BuTKa L2 - 1 BuTOK

L3 - 12 BuTKOB L4 - 2x3 BuTKa +128

L5 - 4 BuTKa 11 801 nx ’.'EI_ ;
KoHTypa BbiNoMHeHbl Ha kombuax 30BY 7x4x2 75 HTesg J

nposopom MOBTN 0,27.

N B 3aknioueHne npeacTaBAAeM  BapuaHTt
MasnoCcurHanbHoOro Tpakta TpaHcueepa “Amarop OMO”
(PA 11/96) pabotbl W. Mrawuunka, UYSUM, n3 Kuesckon
obnacTu (KBXX 6/98).

TpaHcuBep npepHasHayeH pnAa  pabotol B

w/ L8Qimx BF1

I

Puc.13
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TpaHcuBepbl

papuontobutenbcknx amnanasoHax 160, 80 u 40 meTtpo B pexumax CW um SSB.
YyBCTBUTENBHOCTL TPaHCKUBEPA MpW COOTHOLWEHUU curHan/wym 10 pb He xyxe 1 MkB.
MN3bupatenbHOCTb MO 3epkanbHOMY KaHany He xyxe 40 nb. [uanasoH py4yHon
perynupoBku ycunenua He MeHee 60 ob. BeixogHaa mMowHOCTb Ha Harpyske 50 OM He
mMeHee 8 BT. [NopaBneHune noboyHbIx kaHanos He xyxxe 40 ob. CenekTMBHOCTb TpaHcuBepa
N0 COCeHeMy KaHasy npu npueme u BennunHa nogasneHnA Hepaboyeii 60KoBoO Nonockl
npu nepegaye onpefenaArTCA XapakTepucTukammn NpUMEHAEMOr0 31IEKTPOMEXaHUYECKOIO
dunerpa.

B reHepaTope nnasBHOrO guanasoHa TpaHcuBepa B KaYeCTBE aKTUBHOMO 3feMeHTa
npumeHeH aHanor nAm6baa guopa. Cxema pabotaet npu Manbix HanpaxeHuax 2,5 B u
Manbix Tokax 200...250 MKA. 3TO WUCKMHOYAET PasorpeB 4YacToTo3afatoLLMX SNIEMEHTOB,
YTO, B CBOK OYepefb, MPUBOOMT K MUHUMANIbHOMY HavarnbHOMY Bblbery 4acTotbl U K
BbICOKOW CTabUNbHOCTH.

Cxema manocurHanbHOro Tpakta TpaHcueepa nokasaHa Ha puc.14. OcHosy ero
COCTaBNIAKOT aKTUBHblE 6anaHCHbIe CMecUTeNu, BbiNofaHeHHbIe Ha MMC tuna K174MC1. B
pexume npuema curHan, NPonaA AuanasoHHbIe NOM0CoBbIE PUALTPLI, pasfenbHbe AnA
PeXMMOB npuema ¥ nepepayun, nocTynaetT Ha NPUEMHbIA BXOA mnatbl (BbiBog 12). Ha
Mukpocxeme DA1 cobpaH nepsblii cmecutens TpaHcueepa. Yepes KoHTakThl pene K.1 u
TpaHcpopmarop T1 Ha MUKpPOCXeMy MOBAETCA HanpAXXeHWe C reHeparopa naaBHOro
omanasoHa sennumHon 400..500 mB. Harpyskoin DA1 cnyXuT anekTpoMexaHW4eckun
dunerp ZQ1. C AMO curHan noctynaer Ha BTOPON CMECUTENb, BbINOAHEHHbIA HAa UMC
DA2. Ciopa »e vepe3 KOHTakTbl pene K2 n TpaHcdopmarop T2 nopaeTcA HanpAXeHue ¢
reHepatopa onopHon u4actotbl 500 kIi. [eHepaTop OMOPHOM YacTOTbl BbIMNOAHEH Ha
TpaHsuctope VT1. C BbiBOAa 3 MUKpocxemMbl DA2 HU3KOUACTOTHbIA CUrHAM NOCTYNAET Ha
ycunutenib HY Ha Mukpocxeme DAS.

gl 28 Tx +} X peesn. . seun. e 2By A+2E Rx
| o1 G wx gy e T - - - X
- cram L g M4 Y "
8 Wi xasaia ] | 207 IHPU- 50038 77 470 o
3| r—=—5t . x5 200 U\ %6 ton jonxx158
g R 170 1#| .. [ 45
: ! Rl $7n 05 Iux =~ 58 5 P 5
L/
B i cIJIMim
g —IIZIHA +
I 8
x a2
Knsnet o 18 inx" Lig 100 mxx163
RI3 10
&2 Binx e
DAF K174051 4 i - -
X 4n@(TX)
I Y7 i Q)¢ ¥7!
/
S [_J HTi57}_100 % |
+
‘I I ::
! 9
- - _ _ 6§ Q8imxx &t 1500
_Ih«— Icm 1500 1% ‘om0 U 56k
- N - T
Wxrna L Puc.14
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TpaHcuBepbl

B pexume npvema npefycMOTpeHa BO3MOXHOCTb PerynupoBku ycunexua no MY.
HanpaxeHune perynupoeku, CHUMAemMoe C [ABUXKA TMEepeMeHHOro pesncropa,
NOAKMOYEHHOTO K UCTOYHUKY NuTaHuA +12 B, nopaeTca Ha BbIBOL 4 nnarbl.

B pexume nepepaum curHan ¢ MUKpodpoHa nopaeTcA Ha BbiBog 3 nnatbl. Yepes
Gunetp C7, L1, C3 oH mocTynaer Ha nepebid CMecuTenb Ha Mukpocxeme DAT1, roe
CMELLMBAETCA C YacToTorM OMnopHoro reHepartopa 500 kIi. MonyumBLumiicA B pesynbrate
DSB curHan nopaetcA Ha cpunbtp ZQ1, KOTOPbIA BbIAENAET OLHOMOMOCHBIA CUrHAN
BepxHen 60koBOW 4acToTbl. [MoacTpoeuHbin pesnctop R3 cnyxut onA 6anaHcupoBku
CMECUTENIA N0 MaKCMMyMy NOAABNEHNA HECYLLEN.

B cmecutene Ha DA2 npowcxoguT rnepeHoC OAHOMOSIOCHOMO CUrHana Ha ofHy W3
yacToT papuontobutensckoro auanasoHa. C BbiBoga 2 MukpocxeMbl DA2 curHan vepes
MONOCOBbIE AMaNa3oHHbIe OULTPbI MOLAETCA HAa YCUNUTEND MOLLHOCTH.

Pene K1 u K2 KOMMYTUPYHOT CUrHanbl reHeparopa MiaBHOro fuanas’oHa u
reHeparopa OrMopHOIN YacToTkl NPU Nepexofe € npuema Ha nepepady.

MoHTa)K MasiocurHanbHOro TpakTa BbINOSIHEH Ha MedvarHoi nnate pasmepamu
130x60 MM (pmc.15) 13 honbrMpoBaHHOMO CTEKNOTEKCTONNUTA. PacnonoxxeHwe getanei Ha
Heln rnokasaHo Ha puc.16.

|_|pl/l MOHTa)Xe WCnoJib30BaHbl

1 2y
a.l.qg__i'[_ﬂ__"_g pesuctopbl TMna  MJIT  0,25.
—rYV

o2

bl T b KoHaeHcatopbl MOCTOAHHOW EMKOCTM
T i - KM, KIC, anekTponutuyeckue -
D{j;;;,““ e - K50-16. TpaHccopmatopbl T1, T2
‘,.czm,,d_[ T BbIMOJSIHEHbI Ha KOJIbLLEBbIX
’“H:b_:;] 1 dheppunToBbIX (NPOHML@EMOCTb 400-
n;;:g NQT”/ 600HH) MmarHuTonpoBsogax TUMO-
% «»—1}4’4 Wy pasmepa K7x4x2 mm. [1poBogom
e "l”g’“ MoB-2 0,2 MM HamoTtaHo 2x30
oy @UWMT BUTKOB. Hactpoiika TpakTa
T“&M] ﬂﬂf@ 0COBEHHOCTEN He UMEeT.
e m MNpepnaraetcA BapuaHT

B — | TenerpacdpHoro  resepatopa ¢
0000000 Q—D—.’?
oo 2ot . | ACMONb30BaHMEM  CaMOAENbHOro
: arfv%, | pesoHatopa. [NA  M3roTOBNEHUA
0
LzééPﬁ _T_m,_ﬁf;,l; ﬁ””“ pes3oHaTtopa MOXHO WCMOJb30BaTh

L1 oge M 7 | Nbe3okepamuyeckuii punstp Tmna

o 0 0

t 45" 7 " 7 notn-2 (N®1M). Takoid dunstp B

Puc.16 CBOE BpEMA TMPUMEHANCA B

TPaH3NCTOPHbLIX PafMoBeLLATENbHbIX
npuemuukax "Teonor", "Mepugunan", "Cnopt-2" 1 gp. AKKypaTHO HOXOM WM HOXXOBKOM
oTAenAeM KpbiwKy unbtpa OT AOHbIWKA. K AOHBILKY MOHTaXHBIMW NpOBOAAMMK
NPWKPENsiEH caM (PUNeTP, KOTOPbIN NpeacTaBnAeT cobor nNnacTMaccoBOe OCHOBaHWe C
BOCEMbIO AYeiKamu, 3aKpbITOE ABYMA reTMHaKCOBbIMU 6okoBMHaMK. Mexay 60koBUHaMM,
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TpaHcuBepbl

B AYelKax C NOMOLLbIO nocepebpeHHbIX MPYXWUHHbIX Wand  3akpenneHs
Nbe30KepamMmyeckne OUCKW. AKKYpaTHO BbICBEPAWB [BE aflOMUHWEBLIE 3aKEMNKM,
ckpennatowwme 6okoBuHbI, pasbupaem unsTp 1 n3Bnekaem aucku. B dunesrpe HaxogATcA
4 TOHKWX gucka u 4 ToncTtbix. [nA U3roToBNEHWA pe3oHatopa NOAXOAAT TOSCTbIE AUCKM.

Cxema CW reHepatopa nokasaHa Ha puc.17. OHa TpapuuMOHHaA U Kakux-nmbo
ocobeHHOCTel He uMeeT. NevaTHaA nnara reHepatopa npueefeHa Ha puc.18.

[lnAa KpenneHuA pe3oHatopa K MevaTHoM nnate HeobxopguMmbl petanu (2 wr.),
nokasaHHble Ha puc.19. X MOXHO M3roToBuTb U3 doocopucTorn 6POH3bI MU Opyroro
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S 2 R 7
x
Puc.17 Puc.18 5
npyxuHAwero marepunana. OTcTynue Ha 3 MM OT KpaA getanu (puc.19), ®
KEPHOM WM rBO3LEM AENAaEM BbITAXKY METanna.
O6pasoBaBLuMeCA BLICTYMNbI Cherka onuiavMBaemM Hapdwunem Tak, [§
uT06b! 06pa30BaNUCL NIIOCKOCTY AnameTpom 0,5-1 Mm. 310 Heobxoanmo Jr—
[N1A 60Mee HafEXKHOTO ¥ PABHOMEPHOTO KOHTAKTa C AMCKOM. [lepxatent o 90°
yCTaHaBMBaeM Ha nnary reHepatopa Tak, 4Tobbl BbICTYMbl 6blsIM COOCHbI
(puc.20) n puck yctaHaenmeancA 6e3 Nepekocos. a
MopkntoumB K BbIXOAY reHepatopa 4acToToMep W 3aMKHYB Ha o371 3
06w NpoBOL, MpaBkIvi MO CxeMe BbIBOL, pesucTtopa R3, nogaem nutanue 25
Ha cxemy. Mexay pep)xatenAamu BCTaBfIAEM OMCK W 3aMEPAEM 4acToTy 1
reHepartopa. [lOAroHKy 4acToTbl pe3oHaTopa MNPOM3BOLAT MyTEM
YMEHbLLEHNA BHELHEro Anametpa aucka, obtauusan ero paBHOMEpPHO 3
MO OKPY)XHOCTWM Ha HaxkpadHoi Oymare "HyneBke" WM C MOMOLLbO
anMasHoro Hagdwuna. ObtauvMBaroT guck A0 Tex mop, noka He bymer Puc.19
nonyyeHa u4actora reHepauuu 500,7...501 klu. [epep [TsE30KEPOMUYECKUT
oYepefHbIM  M3MEpeHWeM  [OUCK  MPOTMPAaKT  CUPTOM. duck
KoHTponupoBarb 4actoTy B MNpOLECCe MOATOHKM Hajo Kak Aepscameny

MOXHO uaule. 1o Takoi e METOAMKE MOXHO W3rOTOBUTb
pesoHatopbl 0nopHbIX YacTot 500 kI 1 503,7 K.
Kcepokonuto cTatbM 0 TpaHcusepe "Amatop OM®”
MOSTHOCTbIO MOXHO 3akasaTb B M3paTenbCTBe N0 appecy, &
yKa3aHHOMY B BbIXOLHbIX AaHHbIX Ha cTp.1.

Bunm M3
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TexHonormA neyvyarHbixX nnar

Bonpoc 0 TOM, KaKk MOXXHO [ELUEeBO M3roTaB/MBaTh MeYaTHble miarbl B [OMALUHUX
YCNOBWAX, BOSHYET papuontobuteneit Bcero Mupa, HaBepHOe, C CaMoro MOMEHTa
n306peTeHmna neyarHbIx Nnar. M ecnv HECKOMbKO NeT Hasap, BbI6op TEXHOMOrWiA Bbin He Tak
VX BESIUK, TO cerogHA, b6narogapA pasBuUTUIO COBPEMEHHON TEXHUKM, paguontobutenu
MONYYaKT BO3MOXHOCTb ObICTPO M KAYECTBEHHO M3roTaBnMBarb nedvarHble nnatel 6e3
NPUMEHEHMNA KaKoro-nmbo [oporocToALLEro 06opynoBaHuA.

M3 BCEro MHOXecTBa CyLUECTBYIOLLMX TEXHONOrWA Obinu BblbpaHbl TOMbKO Te,
KoTOopble He TpebyroT 3HauWTeSIbHbIX MaTepuanbHbIX 3aTpaT U [OCTATOMHO MPOCTbl B
OCYLLLECTBIEHUN.

B nepsyto ouepenb HY)XXHO WM3rOTOBWUTb PUCYHOK NEeyYaTtHOM nnatbl Nog BblOpaHHyo
cxeMmy ycTpoiictea. BpyuHyto ynobHee BCero BbIMOfHATL YEPTEX MNEYaTHOW nnaTbl B
macwtabe 1:1 Ha 6ymare OT camonucLeB (MMeeT KNETKy CO CTOPOHOM 2,5 MM, B "ware"
MUKPOCXEM), ECNW TAKOBOW HET, TO MOXHO "OTKCEPUTL" LKONIbHYO Bymary "B KneTouky" ¢
YMEHbLUEHMEM B 2 pas3a, B CaMOM KpalHeM Cflyyae MOXHO MCNonb3oBaTb 06bIYHYHO
MUNAIMMETPOBKY. [JOPOXXKM CO CTOPOHbI NaKu HY>XHO PUCOBaTb CMOLUHLIMU JIMHUAMM, a
LDOPOXKW CO CTOPOHbI AeTanen (B cnyyae [ABYXCTOPOHHEr0 MOHTaxa) pucoBatb
MYHKTUPHBIMU fIMHUAMKU. HEOBXOAMMO OTMETUTD, YTO PacrnonaraeMble 3f1EMEHTbI AOKHbI
ObITb B 3€pKanbHOM OTPaXKeHUM. LIeHTPbI HOXEK 371EMEHTOB OTMEYAIOTCA TOUKAMM, BOKPYT
KOTOPbIX HEO6X0AMMO HAPMCOBATb NAEUHYHO NOLLAAKY.

[nA nocnegywowmx OERCTBUA OYEHb BaXKHO, Kakoro pasmepa Bbl Bbibupaete
YCTAHOBOYHbIE MNOLLAnKM [ANA 3eMeHTOB (06MaHO, Korma mpu pucoBaHuM nnatbl "B
XKMBYIO" MM LOPOXKA MEXAy MioLafaKaMu He NPOXOAMT, WM NOCNe Naiku SNEMEHTbI
BbINafatoT BMeCTe ¢ nnowaakamu). LLinpuHy nopoxek cnegyet BelbupaTb UCX0aA U3 TOro,
yem Bbl bygeTe pucosatb nnaty, NpW WCNOMb30BaHWM CTEKNAHHBLIX percdenepos
npumepHo 1,5 MM. llocne TOro Kak PWUCYHOK FOTOB, HY)XHO MPUAOXMTb YEPTEX K
CBETALLEICA NOBEPXOCTY (HanpMmep, CTEKNO OKHa) o6paTHOi CTOPoHOM K cebe 1 obeecTn
NYHKTUPHbIE IMHWK. Tak Bbl nonyumte pUCYHOK CO CTOPOHbI YCTAHOBKW peTaneir. Oanee
HeobXxooMMO BbipesaTb YepTexk imcta bymaru, Ho ¢ y4eToM "Kpbinblwek" anAa Kpenexa ¢
Ka>XBon CTOPOHBI (0KOMOo 15 MM).

bonee noppobHaa uHCTpykuMA no pasmeTtke [ cogepxutcA Ha cante
www.ftnts.pp.ru. MNpoekTuposarb neyatHble nnatbl Hambonee yoobHo B macwTabe 2:1 Ha
MUWAIMMETPOBKE AW APYroM Marepuarne, Ha KOTOPOM HaHeceHa CeTka ¢ warom 5 mm. Mpu
NpoekTupoBaHnn B Macwrabe 1:1 pUCYHOK MONy4aeTcA MESIKUM, MIIOXO YMTaeMbiM W
No3TOMY Npu AanbHenLe pabote Hap neyarHoi nnaton Hem3bexHsl owmbkn. MacwTtab
4:1 npuBogMT K 60NbLLMM pasMepam Yeptexxa n Heynobctay B paboTe.

Bce oTBepcTvA Nopa BbIBOALI AeTanen B neyatHoi nnare LenecoobpasHo pasmeLarb
B y3nax CETKW, 4TO COOTBETCTBYET wwary 2,5 MM Ha peanbHOW nnare (manee mo TekcTy
yKasaHbl peasfibHble pasmepbl). C TakMm WaroM pacnofioxeHbl BoiBOAb! Y 60MbLINHCTBA
MUKPOCXEM B NAAaCTMAcCOBOM KOpNyce, Y MHOrMX TPaH3UCTOPOB W ApYrux
PagMoKOMMOHEHTOB. MeHbLLEee pacCToAHNE MEXAY OTBEPCTUAMM CREQYET BbibupaTth NuLlb
B TEX CNyyanXx, KOraa arto KpanHe Heobxoammo.

B oTBepctvA C waroMm 2,5 MM, nexaline Ha CTopoHax keappata 7,5 X 7,5 Mm,
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TexHonormA neyarHbix nnar

yoobHO MOHTMPOBATb MUKPOCXEMY B KPYrfioM METanfoCcTeKnAHHOM Kopnyce. [nA
YCTaHOBKW Ha Nnary MWKPOCXEMbl B NNACTMAacCOBOM KOPMyce C ABYMA PALAMM XKECTKNX
BbIBOZOB B MyiaTe Heobxoanmo NpocBepnuTh ABa pAfa oTBepcTuid. LLar oteepctuin 2,5 mm,
paccToAHe Mexay pABamMu KpatHO 2,5 MM. 3aMETUM, YTO MUKPOCXEMbI C YKECTKUMM
BblBOAAMM TPebyIoT BonbLUei TOYHOCTU PA3METKN 1 CBEPNIEHWA OTBEPCTUN.

Ecnu pasmepbl nevatHon nnatbl 3agaHbl, BHauyane HeobXOAMMO HayepTUTb ee
KOHTYP W KpenexHole OTBEPCTMA. BOKpyr OTBEpCTUA BLILENAKOT 3anpeTHyr AnA
NMPOBOAHWKOB 30HY C PafuyCcoM, HECKONbKO MPeBbILLAOLWLMM MOMOBUHY AnameTpa
MEeTasIIMYECKNX KPENEXHbIX IN1EeMEHTOB.

[anee cnepyeT NpUMEpPHO paccTaBuTb Haubonee KpynHble petanu - pene,
nepekntoYaTenu (eCnu ux BNameatoT B MeYaTHyto nnaty), pasbemMbl, 6onbLune fetanv u T.4.
Wx pasmelleHne 06bluHO CBA3AHO C O6LLEl KOHCTPYKUMEN YCTPOMCTBA, ONpPEeaenfemMon
pasmepamMu UMetoLLeroca Kopnyca unu ceobogHoro mecta B Hem. Yacto, ocobeHHO npu
paspaboTke nopratuBHbIX NPUOOPOB, pasmepbl KOpmyca OMPemenAlT no pesynsraram
pa3BOLKM NeYarTHo nnarbl.

Lindoposble MuKpocxeMbl NpeaBapuTenbHO PACCTaBAKT Ha nnare pAgaMu C
MEXPAQHLIMU NMPOMEXyTkamu 7,5 MM. Ecnn Mukpocxem He 6onee nATH, BCe nevatHble
NPOBOAHMKM OObIMHO yOAeTCA pa3MecTUTb Ha OQHOW CTOPOHe nnatbl M 060WTUCH
HEOONbLIMM YMCIIOM MPOBOMOYHBIX MEPEMbIYEK, BMauMBaeMblX CO CTOPOHbI LEeTanew.
lMonbITKN N3roToBWUTL OQHOCTOPOHHIOKD MeYaTHyto nnaty AnA 6onbLuero ynucna LMgpoBbIX
MWKPOCXEM MPUBOLAT K PE3KOMY YBESMYEHUIO TPYSOEMKOCTU PasBOOKW U Ype3MepHO
6onbWOMY uucnly nepemMbluek. B aTux cnyvaAx pasymHee nepeitu K ABYCTOPOHHEl
revaTHomn nnare.

YcnoBuMCA HasblBaTb Ty CTOPOHY MnaThl, rAe pa3MeLLeHbl neyaTHbIe MPOBOAHUKM,
CTOPOHOW MPOBOLHUKOB, @ 0OpaTHyO - CTOPOHOW AeTaneil, Jaxke eciiu Ha Hel BMecTe C
petanAMK MpofioKeHa 4acTb NPoBOLHMKOB. Ocobblii cnyvaln NPeAcTaBAAOT nnarthbl, y
KOTOPbIX U MPOBOLHWKM, U OeTanu pasmelleHbl Ha OQHOM CTOPOHE, MpuyemM [eTanu
npunanaHbl K NPoBogHWKaM 6e3 oTBepCTuia. MNnaTbl TAKOA KOHCTPYKLMK NPUMEHAKOT PESKO.

Mukpocxembl pasmeLLaroT Tak, Ytobbl BCe coefiMHeHUA Ha nnate Obiav Kak MOXHO
KOpOYe, a YMCno nepemblyek 6bi10 MUHUMAaNbHLIM. B npouecce passogky NPOBOAHUKOB
B3aWMHOE pPa3MELLEHNE MUKPOCXEM NPUXOQUTCA MEHATb HE pas.

PucyHOK neyaTHbIX MPOBOSHUKOB aHANOroBbIX YCTPOMCTB N060M CNOXHOCTY 0BbIYHO
yoaeTcA pas3BecTu Ha OJHON CTOPOHE nnaTbl. AHANOroBblE YCTPOMCTBa, pabortatome co
cnabbiMu curHanamu, U uMgpoBbie Ha OLICTPORENCTBYIOLLMX MUKPOCXEMaXx (Hanpumep,
cepuit KP531, KP1531, K500, KP1554) He3aBuCUMO OT 4acToTbl Ux paboTsl LenecoobpasHo
cobupatb Ha nnarax ¢ ABYCTOPOHHUM (PONbrupoBaHWeM, npuyem onbra TOM CTOPOHbI
nnarbl, Fae pacnonaratot getanu, 6ynet urpatb ponb obLwero Nposoaa v akpaHa. donbry
obLLero nposoga He cnefyeT UCNONbL30BaTb B KAYeCTBE NPOBOAHMKA ANA BONbLLOIO TOKa,
HanpuMep, OT BbINPAMUTENA 6510Ka NUTAHWA, OT BbIXOAHbLIX CTYNEHeW, 0T AMHAMUYECKON
rOfIOBKW.

[anee MOXHO HauuMHaTb COBCTBEHHO pa3BoOAKy. [MonesHo 3apaHee M3MEPUTb U
3anucarb pa3Mepbl MeCT, 3aHMMaeMbIX UCMOoMb3yeMblMK 3neMeHTamu. Peauctopsl MIIT-
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0,125 yctaHaBnuBatoT pAgoM, cobnofan pacCToAHME MEXay UX OCAMMU 2,5 MM, a MEXAY
OTBEPCTMAMM MOA, BbIBOLLI OQHOr0 pe3uctopa - 10 Mm. Tak xe pa3Meyarotr mecta anA
yepepyrownxca pesuctopos MIT-0,125 n MIT-0,25 nnbo psyx pesuctopos MJIT-0,25,
€CnN NpU MOHTaXE Crnerka OTOrHyTb OfIMH OT APYroro (TpW Takux pesnucrTopa MocTaBuTb
BMJIOTHYIO K MfiaTe y>ke He yaacTcA).

C TakuMm ke pacCTOAHMAMN MEXAY BbIBOAAMMW U OCAMMU 3NIEMEHTOB YCTaHABNNBAKOT
60nbLIMHCTBO ManorabapuTHbIx anmonos 1 koHgeHcatopos KM-5 n KM-6, Bnnotb oo KM-66
eMKOCTbHo 2,2 MK®D; He Hapo pa3melatb 6ok o 60k aBe "ToncTole" (bonee 2,5 MM) geTtanu,
ux cnepyet u4epepoBatb C "ToHKuMK'. Ecnm Heobxoommo, paccToAHME MEXay
KOHTAKTHbIMW NAOWankaMmn TOAW WAM WHOM AETanu YBEAWYMBAKOT OTHOCUTENBHO
HeobxoaumMoro.

B otom pabote ymobHO ucnonb3oBatb HeOOMbLYK MNACTUHY-LWABMAOH U3
CTEKJIOTEKCTONIUTA WAW OpYyroro marepuana, B KOTOPOW C LwaroM 2,5 MM HacBepneHbl
pAgamMu otBepcTuA guametpom 1...1,1 MM, 1 Ha Heil NPUMEPATb BO3MOXXHOE B3anMHOe
pacnonoXeHne 31EMEHTOB.

Ecnu pesucTopbl, avoabl U Apyrue fetanu C OCeBbIMW BbIBOAAMM pacronaratb
NEPNEHAMKYNIAPHO MEeYaTHOW mnare, MOXHO CyLWECTBEHHO YMEHbLIWTb €€ Mnowapp,
OAHAaKO PUCYHOK NeYaTHbIX NPOBOSHUKOB YCAOXHUTCA.

Mpu pasBogke CREeayeT Yy4vuTbliBaTb OrpaHWYeHUA B 4YMCNEe NPOBOLHMKOB,
YMELLAIOLLMXCA MeXOY KOHTAKTHbIMMW MAOWafKamu, npegHasHayeHHbIMU AA Noananku
BbIBOOOB PaguodnemMeHToB. [AnA 60MbLUMHCTBA MCMOMb3YEMbIX B PaAMOntOBbUTENbCKMX
KOHCTPYKUMAX peTanei auameTp OTBEPCTWIA Mof BbiBOObI MOXET ObiTb paseH 0,8 MM.
OrpaHuyeHMA Ha 4NUCNO MPOBOAHWKOB AfIA TUMWYHbIX BAPWAHTOB PaCMONIOXKEHMA
KOHTaKTHbIX NSOLLAA0K C OTBEPCTUAMM TAKOro Auametpa npueegeHbl Ha puc.1 (cetka
COOTBETCTBYET Liary 2,5 MM Ha nnare).

P Mexpay KOHTaKTHbIMU nfowagkamMu OTBEPCTUA C

| @ MEXLEHTPOBbIM PACCTOAHMEM 2,5 MM MPOBECTU MPOBOAHUK

npakTMyeckn Henb3A. OpHAKO 9TO MOXHO coenarb, ecnu y

| OfHOro unu obomx OTBEPCTWIA TakaA Miowagka OTCYTCTBYET

| { b= g ! (Hanpumep, y HeMCIONb3yeMbix BbIBO0B MUKDOCXEMbI MM Y

Puc.1 ' BbIBOLOB mot:)ux petanen, npunanBaemMblx Ha Opyroi CTOpoHe

nnatbl). Tako BapuaHT nokasaH Ha puc.1 no LEHTPY BBEPXY.

BronHe Bo3MOXHA NpokagkKa NPoBOAHMKA MEXY KOHTaKTHOW NMOWAaaKOoN, LEHTP
KOTOPOM NEeXWT B 2,5 MM OT KpaA nnarbl, 1 3TUM Kpaem (puc.1, cnpasa).

Mpy MCNONb30BaHUN MUKPOCXEM, Y KOTOPbIX BbIBOAbLI PACMOSIOXEHbI B MAOCKOCTY
kopnyca (cepuun 133, K134 u gp.), uX MOXHO CMOHTUPOBATb, NPEAYCMOTPEB ANA 3TOr0
COOTBETCTBYHOLLME (PONbroBble KOHTAKTHbIE MOWAAKW C warom 1,25 MM, OfHaKo 9T0
3aMeTHO 3aTpymHAET U pasBoOfdKy, W WU3roToBMEHWe nnatbl. fopaspo uenecoobpasHee
yepenoBaTb nognarky BoIBOAOB MUKPOCXEMbI K MPAMOYTOfibHbIM NAOLLAAKAM CO CTOPOHbI
peTaneit n K KpyrnbiM nnoliagkam 4yepe3 OTBEPCTUA - HA MPOTUBOMOSIOXHON CTOPOHE
(pnc.2). LunpuHa BbIBOGOB MWKPOCXeMbl NokasaHa He B MacwTabe. [nara 3pecb
ABYCTOPOHHAA. M0A06HLIE MUKPOCXEMBI, UMEIOLLLME AJIMHHbIE BBIBOAI (HANpumMep, cepum
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100), MOXXHO MOHTMPOBATb TakK ke, Kak NiacTMaccoBble, U3rnban BbIBOLbI 1 MPONycKanA Ux
B OTBEPCTWA Nyathl. KOHTAKTHLIE NMOLLAAKA B 3TOM CIly4Yae pacrofiararoT B LaxMaTHOM

nopAagke (puc.3).

Mpu pa3paboTke ABYCTOPOHHEN ?
nnatel HAO NocTapatbCA, YTobbl Ha ° °
CTOPOHE petanen ocTanocb Q 9
BO3MOXHO MEHbluee yncno
COEQVHEHWA. 310 obnerunt |
UCTIPaBNEHNe BO3MOXHbBIX OLUMOOK, Puc.2 Puc.3

HanaxxumeaHwe yCTPOMUCTBA M, ecnv Heobxooumo, ero MopepHusaumio. log kopnycamm
MWKPOCXEM MPOBOAAT NLLb OBLLMIA NPOBOL, M NPOBOL NMUTAHWA, HO NOAKIHOYATD UX HYXXHO
TONbKO K BbIBOGAM NWUTaHWA MUKPOCXeM. [1pOBOOHMKM K BXOLAM MUKPOCXEM,
MOAKIIOYAEMBIM K LEenu nutaHuA uau obliemy npoBody, MPOKNagblBaT HAa CTOPOHE
MPOBOLAHWKOB, NMPUYEM Tak, YToBbl X MOXXHO BbINo NErko nepepesarb NPy HanaXXmBaHum
WS YCOBEPLLEHCTBOBAHWI YCTPONCTBA.

Ecnun e yCTpOWCTBO HACTONbKO CAOXHO, YTO HA CTOPOHE peTtasiedl NpuxoguTeA
NPOKNaabIBaTb W NPOBOLHWKW CUrHANbHBIX Lenen, no3aboTsrecb 0 ToM, YTobbl f0bon 13
HuX 6bl1 AOCTYNEH ONA NOAKIOYEHUA K HEMY W NepepesaHuA.

Mpu paspabotke papnontobuTenbCKMX [ABYCTOPOHHMX MEYaTHbIX MNnaTt HY>XHO
cTpemutbcA obolTucb 6e3 cneumanbHblX NepemMblyek Mexpy CTOpOHamMu nnathbl,
1cnonb3yA AJ1A 3TOr0 KOHTaKTHbIE MOLLAAKA COOTBETCTBYHOLLMX BbIBOLAOB MOHTUPYEMbIX
[eTanen; BbIBOAbI B 3TUX CIy4anAx NponamsatoT ¢ 06enx CTOPOH niatbl. Ha CnoXHbIX naarax
uHorga ynobHO HeKOoTopble AeTanu nognauBatb HEMOCPEACTBEHHO K MeYaTHbIM
NPOBOAHMKAM.

Mpu “cnonb3oBaHWKM CNIOLWHOMO CnoA oonbrk nnatel B ponu obuiero nposoga
OTBEPCTWA MOA, BbIBOAbI, HE NOLKMKOYaeMble K 3TOMY NPOBOAY, CedyeT pa33eHKoBaTb CO
CTOPOHbI feTanen.

O6bluHO y3en, cobpaHHbIi Ha MeyatHoOW nnare, MOAKIYAKT K APYrM y3nam
yCTpoOWcCTBa MMOKMMK MPOBOZHMKAMMW. YTOObI HE MCMOPTUTL MEYaTHbIE NPOBOLHWKK MPW
MHOrOKpaTHbIX Nepenankax, XenarenbHo NPeayCMOTPETb Ha Nnate B TOUKaX COEAMHEHUN
KOHTaKTHbIe CTOMKM (yBoBHO MCNOMb30BaTh LITHIPEBbLIE KOHTAKTbI guameTpoM 1 1 1,5 Mm
OT pasbemoB 2PM). CTONKM BCTaBMAOT B OTBEPCTMA MPOCBEPSIEHHbIE TOUHO NO ANAMETPY
1 nponaueatoT. Ha OBYCTOPOHHEN NeYaTHON NnaTe KOHTAKTHbIE MIOWAnKW 1A pacnanku
Ka>X,0M CTOVMKM JOMKHbI 6bITb HA 06eMx CTOPOHaX.

MpenBaputenbHyl0 PasBOAKY MNPOBOLHUKOB YOOOHO BbIMOAHATL  MAFKUM
KapaHgawoM Ha nucte rnagko 6Gymarn. CTOPOHY neyatHbIX MPOBOLHWKOB PUCYHOT
CNAOLWHBIMW NINHWAMM, 0BPATHYHO CTOPOHY - LLUTPUXOBBLIMMU.

Mo OKOHYaHWM pas3BOAKM W KOPPEKTUPOBKM YepTexa Mof4 Hero knapyt
KonupoBasnbHyto Bymary KpacALMM CNoemM BBEPX U KPAacCHOW WK 3eNeHOi LIapuKOBOM
pyyko# 06BOOAT KOHTYpPbI Nnatbl, @ Takxe MPOBOOHWKA W OTBEPCTUA, OTHOCALLMECA K
CTOpOHe peTanew. B pesynbrate Ha o06paTHOM CTOPOHE AKUCTAa MOMYYMTCA PUCYHOK
NPOBOLHWKOB CO CTOPOHbI ieTasnen.
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bonee coBpeMeHHbIM ABJIAETCA UCMONb30BaHME KOMMboTEpPa AnA pucosaHua M.
MOXKHO NPOCTO HapucoBaTb ee C MOMOLLLIO Kakoro-Hubyab pucosansHoro MO, Hanpumep
CorelDraw, Photoshop n gp. InA TOMHOrO W3rOTOBNEHWA KOHTYPOB NPOBOLHWKOB BaXKHO,
yTo6bl paspeLleHne PacTPOBbIX PUCYHKOB BbINO Kak MOXHO Bbile, MO KpaiHeh Mepe He
XyXXe, YeM Yy meyaTarolero YCTPoicTBa, C MOMOLLLIO KOTOPOrO HYXHO BOCMPOM3BECTU
PUCYHOK, @ AnA KavyecTBeHHbIX N1 Nog, MUKPOKOHTPOINEPHYHO CXEMOTEXHUKY paspeLueHue
PUCYHKa AOMKHO OblTb KaKk MUHWMYM BABOE Bblle, YEM Ha nedvatu. OnA BEKTOPHbIX
PUCYHKOB TakaA npobrnema OTCYTCTBYET, MOTOMY YTO 3AECb KOHTYpP DOPMUpYETCA C
TOYHOCTBIO, 3aAaHHON B Camoii MporpaMme pucoBaHuUA, KOTOpanA He CBA3aHa C TOYHOCTLIO
neyarm.

Kpome TOoro, pucoBatb B KOMMbHOTEPHOM NMPUNOKEHUN MOXHO C 060N CTENEHBIO
YBENWYEHWUA, 4TO [aeT BO3MOXHOCTb PacCTaBfATb AEeTanu MO CeTKe Mporpammsl,
COEOVHATb MecTa Nankn N pa3BoOAUTb NPOBOLHMKK C IOOON 3afaHHON TOYHOCTbHO.

Boicwnm nunotaxem B pucoeaHum T MOXHO cuMTaTb WX WM3rOTOBSIEHUE C
MOMOLLbK CreuunansHoro nporpamMmHoro obecnevenna no Maketuposanuto M1,
Hanpumep, P-CAD (www.acceltech.com), PCB123 (www.pcb123.com), Eagle (www.cad-
soft.de), PC Trace (www.eesoft.com/pctrace), QCAD (www.wingcad.com), PCB elegance
(www.merco.nl), OrCAD (www.orcad.com) u gp., Bcero bonee 45 HaumeHoBaHUn. MOXHO
Hanty 6ecnnarHble Bepcun B VIHTepHETE, a NpOLLEe BCEro KynuTb AUCK Ha PaauvopbiHKe 3a
HebonbLuMe feHbIM C MPUIMYHBIM HA60POM paamontobuTenbeckoro “codra’, XoTa, eCcin He
MOBE3ET, HAaTKHETECH HA NoAOOPKy AeMOBEPCUIA, KoTopble NMbo cpasy He paboTatoT, mbo
nepecTarot paboratb Yepes MecAL-Apyrow.

iMeA roTOBbIA PUCYHOK, MOXHO nepexoguTb K wuarotoBneHwto [M. Mpouecc
M3roTOBSIEHWA NEYaTHON NNaTbl MOXXHO YCNOBHO PasfenuTb Ha NATb OCHOBHbIX 3TamoB:

- NpegBapuTeNibHaA NMOAroTOBKa 3ar0TOBKM (O4MCTKA NOBEPXHOCTU, 06E3XXMpPUBaHME);
- HAHECeHWe TeM WS UHBIM CMOCOOOM 3aLLMTHOTO MOKPLITUA;

- yoaneHve NULLHEN MEAM C NOBEPXHOCTW Nnarthl (TPaBeHue);

- OYMCTKA 3aroTOBKM OT 3aLLUTHOIO NOKPbLITUA;

- CBEPIIOBKA OTBEPCTUI, NOKPbITUE NAaThl OIKOCOM, JTyXKEHNE.

PaccmarpumBatoTcA Tonbko Hambonee pacnpocTpaHeHHbIE «KnacCuYeckue» MeTogbl,
NP KOTOPbIX NNLLHUE Y4aCTKU MEQM C NOBEPXHOCTM NNaThl YAANAKTCA MNyTEM XUMUYECKOTO
TpasneHuA. NomMnMo 3Toro, BO3MOXXHO, Hanpumep, yaaneHvue Meay nytem opeseposaHna
UK C UCNONb30BaHWEM 3NIEKTPOUCKPOBOM YCTaHOBKW. OfHaKo 9TV cnocobbl He Noy4nm
LUIMPOKOr0 PacnpoCTpaHeHMA HU B PagmontobUTENbCKOR CPeae, HU B NPOMBILLAEHHOCTM
(xoTA m3rotoBnexnne nnar ppe3epoBaHNEM WHOrOA MPUMEHAETCA B TEX ClyyaAx, Korga
HeobxooMMo o4eHb ObICTPO W3roTOBWUTb HECNOXHble MeyaTHble Nnatbl B AWHUYHbLIX
KONMYeCTBax).

OcobeHHo xoTenocb 6bl OTMETUTb, YTO NPU WM3rOTOBAEHUW NeyaTHbIX nnar B
LOOMALLHUX YCOBUAX ChegyeT CTPEMUTLCA Npu paspaboTke Cxembl UCMONb30BaTb Kak
MOXXHO 60rbLUe KOMMNOHEHTOB ANA NOBEPXHOCTHONO MOHTaXa, YTO B HEKOTOPLIX CRyvanAx
NO3BOMIAET Pa3BeCTW NPAKTUYECKW BCHO CXEMy Ha OfHOW CTopoHe mnaTbl. CBA3AHO 370 C
TEM, YTO [0 CUX NOP He WM306PETEHO HUKAKOW peasibHO OCYLLECTBUMOMN B LOMALLHMX
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YCNOBWAX TEXHONOTMM METaNNM3aLmMn NepexofgHbIX oTBEPCTUiA. No3Tomy B cnyyae, ecnm
Pa3BOAKY NaThl He YAAETCA BbINOMHUTL HA OLHOW CTOPOHE, CNeayeT BhiMOIHATb PA3BOAKY
Ha BTOPOW CTOPOHE C WUCMONb30BAaHMEM B KA4YeCTBE MEXCIIOMHbIX MEPEXOROB BbIBOLOB
pasfMyHbIX KOMMOHEHTOB, YCTAHOBNEHHbLIX HA Mare, KOTOpble B 9TOM Cliyyae NpPUAETCA
nponavearb C ABYX CTOPOH Miartbl. KOHEYHO, CyLWECTBYIOT pasfiMuHble Crocobbl 3aMeHbl
MeTanm3auum 0oTBepCTUn (MCNONb30BaHWE TOHKOMO MPOBOAHMKA, BCTAB/IEHHOMO B
OTBEPCTME U MPUMNAAHHOrO K [OPOXKaM C 0beux CTOPOH nnathbl; MCNOJSib30BaHWE
cneunanbHbIX MMCTOHOB), OQHAKO BCE OHU UMEIOT CYLLECTBEHHbIE HEOOCTAaTKM U HEyO,00HbI
B UCNOSIb30BaHUMN.

MpenBaputenbHaA MNOArOTOBKA 3arOTOBKWM ABMAETCA HavaNbHbIM 3TanoM K
3aKNOYAETCA B NOATOTOBKE MNOBEPXHOCTY OyayLLel NneyaTHo nnartbl K HAHECEHWIO Ha Hee
3aLLMTHOrO NOKPLITUA. B Lenom 3a NpoaomKUTENbHbIA NPOMEXYTOK BPEMEHMW TEXHONOMMA
OUNCTKM MOBEPXHOCTM HE MpeTepnena CKOMbKO-HUOYAb 3HAYMTENBHBIX M3MEHEHWA. Becb
NPOLLECC CBOAWTCA K YOANEHWHO OKUCIIOB W 3arpA3HEHWi A C MOBEPXHOCTWM nnatbl C
UCMOMb30BaHWEM PasnnyHbiX abpas3nBHbLIX CPEACTB U NOCNEQYHOLLEMY 06E3KUPUBAHUIO.

[nA yoaneHuA CunbHbIX 3arpA3HEHUA MOXHO MCMOMb30BaTb MESIKO3EPHUCTYIO
HaXkgauHyto bymary («HyneBKy»), MESIKOQUCNEPCHbIA abpa3nBHbLIA NOPOLIOK uan noboe
LpYroe CPeacTBo, He OCTaBMAOLLEE HA MOBEPXHOCTM niarbl rmyboknx LapanuH. MHorpa
MOXHO MPOCTO BbIMbITb MOBEPXHOCTb MEYaTHOWM MnaThl XXECTKOW MOYANKoh ANA MbITbA
nocyabl C MOKLLMM CPEACTBOM WA NOPOLUKOM (ASA 3TUX Lenei yaobHO 1cnonb3osarb
abpasnBHyt0 Mouanky AJA MbITbA MOCYAbl, KOTOpPaA MoXoXa Ha BOWIOK C MENKMMMU
BKPAnIEHNAMN KakKoro-To BELLECTBA; YacTo TakaA Mo4vasnka OblBaeT HakfeeHa Ha KyCok
noposoHa). Kpome Toro, npu [OCTaToMHO YMCTOW MOBEPXHOCTM MEYaTHOM nnatbl MOXHO
Boo6LLe nponycTuTb atan abpasmsHon 06paboTku u cpasy NepenTu K 06e3KMPUBAHUIO.

B cnyyae HanuumA Ha neyvaTHoOM nyarte TONbKO TOSICTOW OKCULLHOWM NIIEHKU ee MOXHO
nerko yganutb nytem o6paboTkn neyatHOW nnatbl B TeyeHue 3-5 CeKyHp pacTBOPOM
XJIOPHOrO Xkenesa ¢ NocneaytoLLImMM NPOMbIBAHUEM B XONIOQHOM NPOTOYHON Boae. Cnepyer,
OflHAKO, OTMETUTb, YTO >KenaTefnbHOo nubO NPOM3BOAMTL [LaHHY Onepauuio
HEMNOCPeaCTBEHHO Nepeq, HAHECEHWEM 3aLLUTHOIO MOKPbITUA, MO0 NOCNEe ee NPOBEREHNA
XPaHWUTb 3aroToBKY B TEMHOM MECTe, NOCKOMbKY Ha CBETY MEAb ObICTPO OKUCNAETCA.

3aknrounTENBHDIA 3Tan NOAroTOBKM NMOBEPXHOCTM 3aK/o4aeTcA B 00e3XnpuBaHnm.
AnA 3T0r0 MOXHO MCNOMb30BaTb KYCOYEK MATKOW TKaHW, HEe OCTaBMAMOLENA BOJIOKOH,
CMOYEHHBIN CNUPTOM, BEH3MHOM UNK aLETOHOM. 3aeck cnepyet obpatTb BHUMaHWE Ha
YMCTOTY MOBEPXHOCTU MnaTtbl nocne 06e3xMpuBaHUA, MOCKONbKY B MOCNEQHEE BpemA
CTanu nonagarbCA aueToH U CIUPT CO 3HAYUTENBbHBIM KONIMYECTBOM NPUMECEN, KOTOpble
OCTaBfIAKOT Ha nnate nocne BbiCbixaHuA 6enoeaTtblie pas3sogbl. Ecnn 310 TakK, T0 CTOWT
novckatb apyron obesaxwupusarowmii coctas. locne obeaxupusanuA nnaty cnegpyert
NPOMbITb B MPOTOYHOW XonopgHOW Bope. KavyeCTBO OYMCTKM MOXHO KOHTPONMPOBATD,
Habnopan 3a CTeneHbl CMavnBaHMA BOAOA NOBEPXHOCTH Meau. MONHOCTbIO CMOYeHHanA
BOLOV MOBEPXHOCTb, 6e3 06pas3oBaHMA Ha HEW Kanenb W paspbiBOB MAEHKW BOAbI,
ABNAETCA NOKa3aTeSIeM HOPManbHOro YPOBHA OYMCTKW. HapylleHnA B STOW NfIEHKE BOObI
yKasblBatoT, YTO NMOBEPXHOCTb OYMLLEHA HEQOCTATOUHO.
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HaHeceHve 3aLLMTHOTO MOKPLITUA ABMAETCA CaMblM Ba)KHbIM 3TanoMm B Mpouecce
W3roTOBAEHWA NeyaTHbIX Mnar, U UMEeHHO MM Ha 90% OnpemenAeTcA KayecTBo
M3roToBNEHHOW nnatbl. B HacToAwee BpemMA B pagnontobutenbckoin cpene Haubonee
nonynAPHBIMU ABAAKOTCA TpU crnocoba HaHeCeHWA 3awWuTHOro MNOKPbLITUA. Mbl UX
paccMOTpUM B NOPALKe BO3pacTaHUA KaYeCTBa nosyvaeMblx Npy UX UCNONb30BaHWK NAar.

Mpy py4yHOM HAHECEHWM 3aLUWTHOMO MOKPLITUA YepTeX MeyaTHoW nnathl
NEPEHOCUTCA HAa CTEKNOTEKCTONMUT BPYYHYHO C MOMOLLBI Kakoro-nnbo nuiyLiero
npucnocobneHuA. B nocneaHee BpemA B Mpopaxe MoABWIOCh MHOXECTBO MapKepos,
KpacuTenb KOTOPbIX HE CMbIBAETCA BOAOW M [AET [OCTATOYHO MPOYHbIVA 3aLLUTHBIA CIION.
Kpome Toro, AnA py4Horo pucoBaHmA MOXHO MCMOJb30BaTbL perncdpenep uim kakoe-nmbo
ppyroe npucnocobneHue, 3anpasfieHHOe Kpacutenem. Tak, Hanpumep, ypobHo
1CNonb30BaTb AJ1IA PUCOBAHWA LUMPWL, C TOHKOW WIION (nyywle BCero QA 3TuX Lenen
MOAXOLAT WHCYNNHOBbIE WNPULbI C anametpom urbl 0,3-0,6 MMm), 06pe3aHHON [0 AJInHLI
5-8 mMm. Mpy 3TOM LUTOK B LUNPUL, BCTABAATL HE CIEAYET: KpacuTeSb LOMKEH NOCTYNaTb
cB060OOHO MOL AeicTBMEM KanunnApHoro adpdpekta. Takke BMECTO LINPpULA MOXHO
MCMOMb30BaTh TOHKYIO CTEKMAHHYIO UM NNacTMaccoByto TPYOKY, BbITAHYTYIO Haf OrHem
AJ1A OOCTUXEHWA Hy)XHOro anametpa. Ocoboe BHUMaHWe crepyet obpatuTb Ha KayecTBO
06paboTkn Kpaa TPyO6KM MM UMbl NPU PUCOBAHUM OHW HE AOMKHLI Lapanartb nnary, B
NPOTMBHOM CJly4ae MOXHO NOBPEMTH YKe 3aKpaLleHHble y4acTku. B kauectse kpacutena
npu pabote C TakumMu npucnocobneHmAMM MOXXHO MCnonb3oBatb pasbaBneHHbIN
pactBopuTeneM OGUTYMHbBIA UK Kakon-nnbo APyroi nak, LanoHnak uiauM gaxke pacteop
KaHudonu B cnupte. Mpu 3ToM HeobxooMmMo nofobpars KOHCUCTEHLMIO KPACcUTENA TaKUM
obpasoM, utobbl OH cBO6OAHO NMOCTYNAN NPU PUCOBAHWUM, HO B TO XXe BPEMA He BbITeKas v
He 06pasoBbiBafl Kamesb Ha KOHUE Wbl uan Tpybku. CTOUT OTMETUTb, YTO PY4HOM
MPOLLECC HAHECEHMA 3aLLMTHOMO NMOKPbLITUA AOCTATOYHO TPYAOEMOK W FOAUTCA TOMLKO B TEX
Cnyyanx, Korga HeobxoaMmo oYeHb BbICTPO M3roTOBUTL HeboNbLUYHO nnaTy. MuHumarbHanA
LUIMPUHA [LOPOXKM, KOTOPOA MOXHO AOOUTBCA NP PUCOBaHWM BPY4YHYK, COCTABRAET
nopAapka 0,5 mm.

Mcnonb3oBaHue «TeXHONOrMK NasepHoro NpuHTEpa v yTiora». [laHHaA TexHonorna
NOABMNACL CPaBHWUTENIbHO HEAABHO, KAK HW CTPAHHO, Ha 3anage W cpasy nonyyuna
liMpoYaillee pacnpocTpaHeHMe B CUAy CBOEW MNPOCTOTbl M BbICOKOrO KayecTsa
nonyyaemblx nnat. OCHOBY TEXHOMOrMW COCTaBMAET MNepeHOC ToHepa (MOPOLUKa,
MCMOMb3yeMOro Npu neyarty B nas3epHbIX NPUHTEPAX) C KAKOW-NMB0 NOAM0KKM Ha NeYaTHyH
nnarty. MNpu 3ToM BO3MOXHbI ABa BapuaHTa: N1nbo ncnosnb3yeMan noasioxkka oTaenAeTcA ot
nnatel nepeg TpasneHueM, nubo, ecnuM B KayecTBe MOMJSIOXKKW MCMONb3yeTcA
antoMuHMeBaA donbra, OHa CTpaBnMBaeTcA BMecTe C Mepblo. [lepsBbid 3Ttan
MCMOMb30BaHWA OAHHOW TEXHOMOMMW 3aKMIKYaeTCA B NeyaTtn 3epkanbHOro M3obpaxkeHus
PUCYHKa nevarHol nnatbl Ha nopfoxke. MNapameTpbl nevaty NpUHTEPA NPW 3TOM AOSKHbI
ObiTb YCTAHOBNEHbI Ha MakCMMasfibHOE KavyecTBO MmeyaTtu (MOCKOSbKYy B 9TOM Clyyae
NMPOMCXOAMUT HaHeCeHWe cnoA ToHepa Haubonbluei TonwMHbl). B KavecTBe NopoxKku
MOXXHO MCMOJIb30BaTb TOHKYH MefIoBaHHyt Bymary (06510XKKM OT pasnnyHbIX XXYPHanos),
bymary onAa dakcos, antoMUHWUEBYO GOONbrY, NAEHKY ANA Na3epHbIX NPUHTEPOB, OCHOBY
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0T camokneAwencAa nnexnkn Oracal uam kakue-Hnbyob Opyrve marepuanbl, HEKOTOPbIE
PEKOMEHIYHOT YepHo-6enyto rAHueByto cpotobymary tTvna “@otobpom”, “YHnbpom” wn
T.N., €CNK ee elle MOXHO HaiTu. [Mpyu MCNOMb30BaAHUM CAWLLKOM TOHKOA Gymarn wmnm
donbrn MOXeT noTpeboBaTbCA NPUKIENTL UX NO NEPUMETPY Ha NUCT NNoTHOW bymaru. B
WAeanbHOM Cnyyae MPUHTEP AO/MKEH WMETb TPakT ASIA MpOXoXpeHwA Oymarn 6e3
nepernboB, 4TO NpepoTBpallaeT cMmATMe nopobHoro 6yTepbpopa BHYTPU NpUHTEpA.
bornbLioe 3HayYeHMe 310 UMEET U Npu neyatn Ha cponbre unu ocHose OT nneHku Oracal,
MOCKOJSIbKY TOHEP Ha HUX OepXWTCA oveHb cnabo, u B cnyyae nepernba bymaru BHyTpU
npuHTEPa CyllecTByeT 60bliaA BEPOATHOCTb, YTO MPUAETCA MOTPATUTb HECKOSbKO
HEMPUATHBIX MUHYT Ha OYUCTKY MeYKu MpUHTEPA OT HaNWUMLIMX OCTATKOB TOHepa. Jlyywe
BCEro, eCAu NPUHTEP MOXET Nponyckatb bymary yepes ceba ropusoHTanbHo, neyaraa npu
3TOM Ha BEPXHEN CTOPOHE (kak, Hanpumep, HP LJ2100 — 0auH 13 nyylimnx NnpuHTepoB AnA
NPUMEHEHWA NPW U3FOTOBIEHNM NEYATHbIX MNar).

XoueTcA cpady npepynpenutb BRapensues npuHtepos Tuna HP LJ 5L, 6L, 1100,
ytobbl OHM He MblTanucb nevatatb Ha donbre unm ocHose oT Oracal, T.K. nopobHble
3KCMEPUMEHTBI 0BbIYHO 3aKaHUMBAKOTCA MNAYEBHO. Takxe NOMUMO MNPUHTEPA MOXHO
1Cnonb30BaTb W KOMMPOBASbHBIA annapar, NPUMEHEHWE KOTOPOro WHOrAA LAeT paxe
NyylinMe Mo CPaBHEHWIO C MPUHTEPaMW pesynbrathl 3a CYET HAHECEHWA TONCTOro CroA
ToHepa. OcHoBHOe TpeboBaHWe, KOTOpPOe NPeabABAAETCA K NOLNOXKE, — NErkocTb ee
OTOENEHNA OT ToHepa. Kpome TOro, B cryyae ucnonb3oBaHuA Bymaru oHa He [ormkHa
OCTaBfIATb B TOHEPE BOPCMHOK. lNpu 3TOM BO3MOXHbI fBa BapuaHTta: nvbo nopsiokka
nocre NepeHeceHmna ToHepa Ha Nnary NpPoCcTo CHUMAETCA (B Cnyvae NNeHKU AnA Na3epHbIX
NpUHTEPOB 1N ocHoBbI oT Oracal), nmbo npeaBapUTENLHO pasmMavmBaeTcA B BOLE 1 NOTOM
NOCTENEHHO OTAENAETCA (MenoBaHHana bymara).

MepeHoc TOHepa Ha nnaty 3akKnYaeTcA B NPUKIaabiBAHUM NOAJSIOKKN C TOHEPOM K
NpenBapuTeNibHO OYULLEHHOM nnaTte C NOCedyroWwuM HarpeBoM A0 Temnepartypbl,
HEMHOr0 MNpeBbILIAKOWEN TeMNepaTypy nnasfeHuA ToHepa. Bo3MOXHO orpomHoe
KONMYECTBO BapMaHTOB Kak 3TO coenatb, O4HaKo Haubonee nMpocTbiM ABMIAETCA MPYXUM
MOANOXKN K mnare ropAunmM yTiorom. lpu STOM AnA paBHOMEPHOrO pacnpepeneHva
LABNEHWA yTora Ha NOAJSI0XKKY PEKOMEHAYETCA MPOSIOKUTb MEXIY HUMMW HECKOSBKO CNOEB
nnoTHon bymarm.

OueHb BaXXHbIM BOMPOCOM ABMIAETCA TemMneparypa yTiora U BPeMA BbIAEPXKW. ITn
napameTpbl BapbMPYHOTCA B K&XXAOM KOHKPETHOM CIiyyae, no3TtoMy, BOSMOXKHO, NPUAETCA
NOCTaBWUTb HE OMH 3KCMEPUMEHT, NMPEXAEe YEM Bbl MONYYMTE KAYECTBEHHbIE PE3YNbTaThl.
Kputepwii TyT OAMH: TOHEP JOMKEH YCMETb AOCTATOMHO PacniaBuTbCA, YTOOb! NMPUAUMHY T
K MOBEPXHOCTWU Nfatbl, U B TO XX€ BPeMA [O/DKEH He YCneTb AOWTW L0 MONYXWOKOro
COCTOAHUA, YTOBBI KpaA AOPOXEK He pacnaowmnnce. ocne «npuBapkn» TOHepa K nnare
HeobXoauMOo OTAENUTL NOAJSIOKKY (KPOME CryvaA UCMOMb30BaHWA B KAYeCcTBE MOAI0KKN
aNloMUHNEBON OONbrU: ee OTOeNATb HEe Crnefyer, MOCKOMbKYy OHa pacTBOPAETCA
NpakTMYeCKn BO BCEX TpaBWSbHbIX pacTeopax). [neHka AnA nasepHbIX MPUHTEPOB WU
ocHoBa ot Oracal NpocTo akkypaTHO CHUMAROTCA, B TO BpeMA Kak 0bbiuHaA bymara Tpebyert
NpenBapuTeNlbHOro pasMadmBaHuA B ropAvein Boge. COBETYHOT Takxe OnycTUTb mnary ¢
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npukneeHHon bGymaro Ha HECKONbKO MWHYT B CEpHyt KucnoTy. [MpoBOAHMKM nnatbl
TOMbKO HaYHYT pearnpoBartb C KUCIOTOM, Kak yxe BcA Bymara “croput” - movepHeet u
npespatuTcA B nenesn. JanbLie ee MOXXHO NPOCTO CMbITb BOLOW.

CTouT OTMETUTb, YTO B CWUIy OCOBEHHOCTEN MeyaTn flasepHbIX MPUHTEPOB ChOWA
TOHEepa B cepepmnHe 60MbLUMX CNIIOLIHbIX NOIMFOHOB AOCTATOMHO Majsl, MO3TOMY CEAYET Mo
Mepe BO3MOXHOCTWU u3beratb MCMOMb30BaHMA Takux obnactei Ha nnare nmbo nocne
CHATMA NOLNOXKM NPUAETCA NOQPETYLLMPOBATL NATy BPYYHyHO. B Lenom ucnonb3osaque
LAHHON TEXHOSIOr MM NOCSIE HEKOTOPON TPEHNPOBKMN NO3BOAAET OOUTLCA LUMPUHDBI AOPOXKEK
1 3230POB MEXAY HUMU BroThb A0 0,3 MM.

MpumeHeHve potopesncTos. DOTOPE3UCTOM HA3bIBAETCA YyBCTBUTENBHOE K CBETY
BELLECTBO, KOTOPOE MOA, BO3AENCTBMEM OCBELLEHWA W3MEHAET CBOWM CBOWCTBa. B
nocnegHee BpPEMA HA POCCUNCKOM pblHKE MOABUNOCH HECKOSIbKO BWMOOB WMMOPTHbIX
hOTOPE3NCTOB B a3P030JIbHOM YNakoBKe, KOTOpble 0CO6EHHO YRo6HbI ANA NCNOIb30BaHNA
B AoMawHux ycnoeuAx. CyLHOCTb NpPUMEHeHUA OoTope3ncTa 3akniyaeTcA B
CNEOyHLLEM: HA Mnaty C HaHECEHHbIM Ha Hee cnoem (hoTope3ncTa HaknagbiBAETCA
doTtowabnoH “ NpPOU3BOAMTCA €€ 3acBeTKa, MOC/le YEero 3acBeYeHHble (Unu
HE3aCBEYEHHbIE) y4acTku (DOTOpe3ncTa CMbIBAKTCA CMELMalbHbIM PacTBOPUTENEM, B
KayecTBe koToporo 06bl4HO BbicTynaet egkuin Hatp (NaOH).

Bce chotopesncTbl OENnATCA Ha ABE KaTeropuu: NO3UTMBHbIE W HeratuBHble. [nA
MO3UTUBHLIX (POTOPE3UCTOB [OPOXKE Ha Nfare COOTBETCTBYET YEPHbIA y4yacToK Ha
doTowabnoHe, a ANA HeraTMBHbIX, COOTBETCTBEHHO, Npo3payHbii. Haumbonbliee
pacnpocTpaHeHne noayyYunu Mo3UTMBHbIE (POTOPE3UCTbl Kak Hawnbonee ynobHble B
npumeneHun. OcTaHoBumcA 6onee nogpobHO Ha WCMOMb30BAHWUKM  MO3UTUBHBIX
(POTOPE3NCTOB B a3P030SIbHOI YNaKOBKeE.

MNepBbiM 3TANOM ABNAETCA MOAroTOBKA (poTowabnoHa. B gomaluHmx ycnoBuAx ero
MOXXHO MOJSyYnTb, HaneyataB PUCYHOK NNaTtbl Ha Na3epHOM NPUHTEPE Ha nieHke. [pu
3TOM HeobxoonMo 0coboe BHUMaHWe YAENWTb MNOTHOCTM YEepPHOro LBeTa Ha
dotowwabnoHe, ONA Yero HYXHO OTKMKYUTb B HACTPOMKAX MPUHTEPA BCE PEXWUMbI
3KOHOMMWM TOHEpa M YNyylleHWA KayecTBa nedvarn. Kpome TOro, Hekotopble MpMbl
npegnaratot BbiBog, poTolwabnoHa Ha hoTonnoTTepe — MpU 3TOM BaM rapaHTMpoBaH
KaueCTBEHHbI pe3ynbrar.

Ha BTOpOM 9Tane Ha npeasapuTENbHO MOATOTOBIEHHYO U OUYULLEHHYHO NOBEPXHOCTb
nnartbl HAHOCUTCA TOHKAA NneHka potopesncTta. [denaeTcA 310 NyTeM pacnblieHuA ero ¢
pacctoAHnA nopagka 20 cm. [lpu 3TOM CnepyeT CTPEMWUTLCA K MakcuMasbHOM
PaBHOMEPHOCTU MOfy4aeMOro MoKpbiTMA. Kpome TOro, OveHb BaxkHO obecneuuntb
OTCYTCTBME MbIfIM B MPOLLECCE pacrbifieHna, T.K. KaxpaA nonaswan B (DOTOPE3NCT
MbISIMHKA HEMWHYEMO OCTaBWT CBOW CIER, Ha nnare.

MNMocne HaHeceHuAa cnoA dpoTope3ncta HeOoOXOAMMO BbICYLUUTL MOSYYMBLLYHOCA
nneHky. [lenatb 310 pekoMeHayeTcA npu Temneparype 70...80°C, npuyem cHayana Hy>xHo
MOACYLLMTb MOBEPXHOCTb MpW HebOMbLUOA Temneparype M NWb 3aTeM MOCTENEHHO
LOBECTV TeMnepaTypy A0 HY>XHOIO 3HaYeHuA. Bpema CyLikn npu yKasaHHoW Temneparype
cocTaenaet nopApka 20...30 MuH. B kpanHem crnyyae HOMyckKaetcA Cylika nnarbl npu
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KOMHaTHO# Temnepartype B TeueHue 24 u. [natbl ¢ HAaHECEHHbIM (DOTOPE3UCTOM [OMKHbI
XPaHUTbCA B TEMHOM NPOXS1afHOM MeCTe.

Crepytolimm nocne HaHecenuA hOTope3ncTa 3TanoM ABMIAETCA OKCMOHMPOBaHME.
Mpw 3TOM Ha NnaTy HaknagbiBaetcA oTowabnoH (kenarenbHO CTOPOHON neyatu K nnare,
YTO CMOCOBCTBYET YBENUYEHMIO YETKOCTU MPU IKCMOHUPOBAHWUM), KOTOPLIA NPUXXUMAETCA
TOHKMM CTEKNOM MW KYCKOM nnekcurnaca. lNpn poctatouHo Hebonblumx pasmepax nnar
LA NPWKUMA MOXHO UCNONb30BaTb KPbILLKY OT KOPOOKM KOMMAaKT-gMcKa nMbo OTMbITYHO
OT 9MyfbCcun potonnacTuHKy. [lockonbky obnactb Makcumyma ChekTpasibHoOi
YYBCTBUTENLHOCTU OOMBLLUMHCTBA COBPEMEHHBLIX (DOTOPE3UCTOB MNPUXOAMUTCA Ha
yneTpadoMoneToBLIN Ananas3oH, AfA 3aCBETKM >KenaTenbHO WCMONb30BaTb namny ¢
6onbLion ponen YO-usnyueHua B cnektpe (OPLU, OPT v gp.). B kpaiHeM crnyyae MOXHO
1CMOMb30BaTb MOLLHYIO KCEHOHOBYIO flaMny. BpemA 3KCMOHWPOBaHWA 3aBUCUT OT MHOTMUX
MpUYMH (TN W MOLLHOCTb NaMnbl, paccToAHWe OT namnbl A0 Naatbl, TOMLWMHA ChoA
dotopesncTa, Mmatepuan NPUXKUMMHOIO MOKPbITMUA U ap.) U1 nopbupaercaA
akcnepumeHTanbHo. OfHAKo B LLENOM BPEMA 3KCMOHWPOBAHWA COCTABAAET 0ObIYHO He
6onee 10 MUH AaXke NpW 3KCMOHMPOBAHUM NOA, MPAMBIMU COMHEYHBIMW lyYamMu.

MpoaBneHve 60nbLIMHCTBA (POTOPE3UCTOB OCYLLECTBAETCA PACTBOPOM €AKOro
Hatpa (NaOH) B koHUeHTauun 7 rpamMMOB Ha NWUTP BOAbl. Jlyylle BCEro UCMosb30BaTh
CBEXENPUroTOBMEHHbI pacTBOp, UMetowmin Temnepatypy 20...25°C. BpeMA npoABneHua
3aBUCUT OT TONWMHBI NAEHKK (poTopesncTa U HaxoamTcA B npeaenax ot 30 ¢ 40 2 MUH.
MMocne npoABneHMA nnaty MOXHO MoABepratb TPasMeHWO B 0ObIYHBLIX pacTBOpax,
MOCKONbKY (POTOPE3UCT YCTOWYMB K BO3LEWCTBUIO KUCAOT. [pu MCnonb30BaHUM
KayeCcTBeHHbIX )OTOLIA6I0HOB NPUMEHEHME (DOTOPE3NCTA NO3BONAET NOYUNTb LOPOXKKM
LwmpuHon BnnoTb Ao 0,15...0,2 Mmm.

Ha cante http://www.pcbfab.ru  npodeccuoHansl  usrotoBnexua M
npepynpexpatot: HE UCNONb3YUTE M'MAPOOKUCb HATPMA NaOH npu nposske
dotopesuncTa. ATO BELLECTBO COBEPLUEHHO He MopxopuT AnAa npoasnexua MMM nomumo
€0KOCTN pacTeopa, K ero HepocTatkam MOXHO OTHECTU CUISIbHYK YYBCTBUTENBHOCTb K
nepemeHe TemMneparypbl U KOHLEHTPAL WK, a TakKe HECTOMKOCTb. JTO BELLECTBO CIULLIKOM
cnaboe, uTobbl NPOABUTL BCE U30OPaXKEHWE, WU CIAMLIKOM CUAbHOE, YTOBbl PacTBOPUTL
dotopesucT. T.e. C NOMOLLLK 3TOr0 PacTBOpa HEBO3MOXHO MOAYYUTb MPUEMSIEMDbII
pesynbrat, 0COBEHHO, ecnn Bbl YCTPOUAW CBOK Nlabopatopuio B MOMELLEHUW C YacTon
CMEHOI Temneparypbl (rapax, HaBec 1 T.M.).

HamHoro nyyile B KayectBe NpoABUTENA MOOXOLMT PacTBOP, MPOM3BEOEHHbIA Ha
0CHOBE 3chupa KPEMHEBOW KUCNOThI, KOTOPbIA MPORAETCA B BUAE XUOKOTO KOHLLeHTpaTa.
Ero xummueckuin coctas Na,SiO3*5H,0. 310 Bewwectso 06napaeT OrpoOMHbIM HUNCIOM

LOCTOMHCTB. Hanbonee BaXkHbIM ABAAETCA TO, YTO B HEM OYEHb TPYAHO nepegepxartb M.
Bbl MmoxeTe octaBuTb [l Ha TOYHO HE (PUKCMPOBAHHOE BPEMA. JTO TakKe 03Ha4aeT, YTo
OH MOYTU HE N3MEHAET CBOMX CBOMCTB Npu nepenagax TemMneparypbl - HET pucka pacnaga
npu yBENNYEHWUM Temneparypbl. OTOT PacTBOP TakXe MMeeT O4eHb OOMbLION CPOK
XpaHeHWA, 1 ero KOHLEeHTpaLLMA CoXpaHAETCA NOCTOAHHON He MeHee napsbl feT.
OtcytcTBMe npobnemMbl nepepepXxku B pacTBOpe MO3BOMMT BaM YBEMUUUTL €ro
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KOHLLEHTpaLMIO AN1A YMeHbLUeHUA BpeMeHn npoasnexua MNIN. PekoMeHayeTcA cMeLwwmBath
1 yacTb KoHLeHTparta co 180 yactAMuM Boabl, T.€. B 200 MA1 BOLbI COOEPXUTCA YyTb Bonee
1,7 r cunukara, HO BO3MOXHO chenatb 6onee KOHUEHTPUPOBAHHYHO CMeCb, 4TOObI
n3obpaxkeHne NPoABNANOCHL NPUMEPHO 3a 5 ¢ 6e3 pucka paspyLueHna NOBEPXHOCTU MpK
nepenepXxke, MNpuM HEBO3IMOXHOCTM MNpUOBpeTeHUA CuaMkata HaTpuA, MOXHO
MCNonNb30BaTh Yrnekucnbli HaTpuin unu kanuin (Na,COsy).

Bbl MOXETE KOHTPONMPOBATL NPOLLECC NPOABKM NorpyxeHuem I B xnopua xxenesa
Ha OYEHb KOPOTKOE BPEMA - MEAb TOTYAC XKE MOTYCKHEET, NPy 3TOM MOXHO PasfinyuThb
dopmy nnHKUA m3o0b6parkeHnAa. Ecnu octatorcA OnectAluMe yyacTku uim NPOMEXYTKU
MeXgy JIMHUAMU pacnsbiBYaThl, MPOMONTE MAaTy U NOAEPXUTE B NPOABOYHOM PacTBOpE
eLLe HECKONbKO CekyHA. Ha nosepxHOCTW Hepopep>kaHHow [ MOXET ocTaTbCA TOHKUNA
CNON pe3ncTa, He yoaneHHbId pacTteoputenem. YTobbl yoanuTb OCTaTKU MAEHKU HYXHO
MArko npotepetb MM GymMaxKHbIM MONOTEHLEM, LLEPOXOBATOCTb KOTOPOro A0CTATOYHA,
yTo6bI YyoanuTb groTopesnct 6e3 NoBpexxaeHNA NPOBOLHNKOB.

Bbl MOXeETE 1cnonb3oBaTh b0 hOTONUTOrpacPUUECKYI0 MPOABOYHYIO BaHHY, nmMbo
BEpTUKabHbIA 6ak A1A NPOABKU - BaHHA yao6Ha TeM, YTO OHa NO3BONAET KOHTPONMPOBATb
npoLecc npoABku, He BbiHUMAA MM n3 pacteopa. Bam He noHapobATCcA HarpeBaemble
BaHHbl unu 6aku, ecnu Temneparypa pactsopa 6yner nogaepXuearbCA He MeHblie 15
rpagycos.

Ewe oouH peuenT npoABOYHOrO pacteopa. B3ate 200 mn "xwupkoro crtekna",
po6asuTb 800 M AMCTUANMPOBAHHON BOAKI U pasMeLLanTe. 3atem K a1oin cmecu pobasbre
400 r rmppokeupa Hatpua.

Buumanue! He 6epute TBEpObIN MMAPOKCUA, HATPUA PyKaMU, UCMONb3YNTE Nepyarku.
lMpu pacTBOpEHUM rMOPOKCHMAA HATPMA B BOAE BbIAENAETCA OOMbLUOE KONMYECTBO Tenna,
MO3TOMY PacTBOPATb €ro Hafo HebonbLMMK NopuMAMKU. Ecnn pacTeop cTan CAULLIKOM
FOPAYMM, TO Mpexae vem po6aBuTb OYEpefHyt NMOPLMIO MOPOLUKA, JanTe emy OCTbIThb.
PacTBop 04eHb efikuii, No3ToMy npu paboTte ¢ HUM HEOOXOAMMO HAQETb 3aLUMTHBIE OYKM.
XKnpkoe CTEKNO Takke W3BECTHO Kak "pacTBop cunukata Hatpua" U "ANYHbIA
koHcepsatop". OHO MCMONb3yeTcA ANA YACTKU BOBOCTOUHBIX TPYD M npopaeTcA B No6om
XO3ANCTBEHHOM MarasuHe. OTOT pacTBOP Henb3A Cchenatb MPOCTbiIM PacTBOPEHWEM
TBEPLOro cunvkara HatpuA. ONUCaHHbLIA BbILE MPOABOYHLIA PACTBOP UMEET TaKyo Xe
MHTEHCMBHOCTb, KaK WM KOHLLEHTpaT, No3ToMy ero Heobxogumo pas3basnATb (Ha 1 yacTb
KOHUeHTpata 4-8 uacTeit BoAbl, B 3aBUCUMOCTW OT MCMOAbL3YEMOro pes3ncta u
Temneparypsi).

Mpy TpaBneHMM NPUMEHAKOTCA MHOMO COCTABOB, KOTOPbLIE OTAIMYAKOTCA CKOPOCTLIO
NPOTEKAHMA pPeaKLLMm, COCTABOM BbIAEMAOLLMXCA B PE3YSLTaTe PEaKLMM BELLECTB, a TaKxe
BOCTYNHOCTbIO HEobXoaWMbIX ASIA NPUrOTOBAEHUA PAcTBOPa XMMMWYECKUX PEeaKTUBOB.
Hwxe npuseneHa nHgopmauma o Hanbonee NONynAPHLIX PACTBOPax AS1A TPaBAEHUA.

Xnopxoe xeneso (FeClg) — noxanyi, camblit N3BECTHbIA U NONYNAPHBIA PEAKTUB.

Cyxoe XnopHOe ene3o pacTBOPAETCA B BOfge A0 Tex Nop, noka He GymeT nomyyeH
HACbILLEHHbI PacTBOP 30J71I0TUCTO-XKENTOro LBeTa (anA 3toro notpebyeTtcA nopAmgka AByX
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CTONOBbIX NIOXXEK Ha CTakaH BoAkl). MNpoLecc TpaBneHWA B 3TOM PacTBOPEe MOXET 3aHATb
or 10 po 60 MwH. BpemAa 3aBUCMT OT KOHLEHTpauuW pacteopa, TeMnepatypbl U
nepemeLunBaHuA. MepemelunBaHme 3HaUMTENbHO YCKOPAET NPOTEKaHNE peakuumn. B aTux
uenAx ygobHo mcnonb3oBaTb KOMMPECCOP AJS1IA akBapuymoB, KOTOPbIA obecrneynsaeTt
nepemMeLlnBaHme pacTBopa My3bipbkaMu BO3Ayxa. TakkKe peakumA YCKOPAETCA npw
nogorpesaHun pacteopa. 10 OKOHYaHWM TpaBneHuA nnaty HeobXxogMMO MNPOMBbITb
60MbLUMM KONIMYECTBOM BOAbI, >XENATENIbHO C MbINOM (ANA HEWTpanusauum OCTaTKoB
KucnoTbl). K HepocTaTkaMm faHHOro pacTeopa cnegyet oTHecT obpasosaHue B npouecce
peakumMnm OTXOQO0B, KOTOPble OCERAtOT Ha nnate U NpPenATCTBYKT HOPManbHOMY
NPOTEKaHMIO NMpoL,ecca TPaBeHNA, a TakKe CPaBHUTESNIbHO HU3KYH CKOPOCTb peakLimu.

Mepcynbdar ammoHnA ((NH4)»S,0g) — CBETNIOE KPUCTANSIMYECKOE BELLECTBO,
pacTBOPAETCA B BOAE MCX0OA M3 COOTHOLEHMA 35 r BellecTsa Ha 65 r Boabl. MNpouecc
TpaBneHWA B 3TOM pacTBope 3aHMMaeT nopAgka 10 MUH 1 3aBMCUT OT NnoLlagn MERHOro
MOKpPbITUA, MOABEPratoLlerocA TpaeneHwto. OnA obecnevyeHnA ONTUMasbHbIX YCOBUIA
NPOTeKaHWA peakLuy pacTBoOp AO/MKEH UMeTb Temneparypy nopanka 40°C 1 NOCTOAHHO
nepemMeLlunBaTbCA. Mo okoHYaHuK TpaeneHuAa nnarty HGOﬁXO}J,I/IMO MPOMbITb B I'IpOTO'-4HOI7I
Boge. K Hepoctatkam 3TOr0 pacTtBopa OTHOCWUTCA HEOOXOAMMOCTb nopgepXxaHuA
TpebyeMoro TeMnepaTypHOro pexxmma 1 nepeMeLlnBaHuA.

PacTeop conaHoi kucnotsl (HCI) u nepekncu Bogopopa (HoO,). AnA npurotosneHuna
aT0ro pacteopa Heobxoaumo K 770 mn Boabl 0o6asuts 200 Mn 35%-1 CONAHON KACIOThI U
30 mn 30%-# nepekucu Bopopopa. [OTOBbIA PacTBOP AO/MKEH XPaHUTLCA B TEMHOW
6yTbifike, He 3aKpbITOA FePMETUYHO, TaK Kak Mpu PasnoXeHuW MNepekucu BOAOPOAa
BbIOESIAETCA ras.

BHuMaHue: npy MCNonb30BaHMKM [AHHOMO pacTBopa Heobxopumo cobntopatb Bce
Mepbl NPEROCTOPOXHOCTH Npu paboTe C eAKUMU XMMUYECKMMU BeLLecTBamu. Bee pabotol
Heob6Xx0pMMO MPOM3BOAMUTL TONMBKO HAa CBEXEM BO3ZyXe WM NOA, BbITAXKOA. [lpu
nonagaHnm pacteopa Ha KOXy ee HeobXoaMMO HeMesleHHO MpOMbITb 6GOnbLUMM
KONnM4yecTBOM BOAbl. Bpema TpaBneHWA CUIbHO 3aBWUCUT OT MNEPEMELUMBAHUA W
TemnepaTtypbl pacTteopa MW cocrtaenfsetr nopapgka 5,,,10 MuH gnA  xopowlo
nepemMeLIMBaemMoro CBEXEro pacteopa npu KOMHatHoW Temnepatype. He cnegyert
HarpeeaTb pacteop Bbilie 50°C. Mocne TpasneHusa nnaty HeobXOAMMO MPOMbITb
NPOTOYHON BOROW. [aHHblii pacTBOp Mocne TpaBiieHWA MOXHO BOCCTaAHaBNWBaTb
pobasneHnem H,0,. OueHka TpebyeMoro konuyecTea Mepekucu BOAOPOAA
OCYLLECTBNAETCA BW3yanbHO: MOrpy)XeHHaA B pacTBOp MedHaA nnara [OoMKHA
nepekpawmBaTbCA W3 KPacHOro B TEMHO-KOpu4HeBbld LBeT. ObpasoBaHue nysbipen B
pacTtBope cBupeTenbcTByeT 06 u3bbiTke NEpPEKNCU BOJOPOAA, YTO BELET K 3aMEAIeHUI0
peakumu TpaBneHnA. HepocTaTtkoM faHHOro pacTeopa ABAETCA HEOOXOAMMOCTb CTPOroro
cobnopeHna npu paboTte ¢ HUM BCEX MEP NPEROCTOPOXHOCTY.

Mocne 3aBepLlueHWA TpasfieHUA W MPOMbIBKM Nnartbl HEOOXOAMMO OYMCTUTL €ee
MOBEPXHOCTb OT 3aLLMTHOrO NOKpbITUA. Cpenarb 3T0 MOXXHO KakMM-nmbo opraHMyecKum
pacTBOpUTENEM, HaNpUMep aLeToHOM.

Hanee Heobxogonmo nNpoCBepnNUTb BCe OTBEPCTMA. [lenatb 370 HY)XXHO OCTPO
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3aTOYEHHbIM CBEPIOM NpK MakcuManbHbIX 06opoTax anekTpogeurarend. B cnyyvae ecnm
MPU HaHECEeHUM 3aLLUTHOTO MOKPbLITUA B LEHTPaxX KOHTAKTHbIX MAOWAfoOK He 6biio
OCTaBJfIEHO MYyCTOro MecTa, HeobX0auMO NPEABapUTENbHO HAMETUTL OTBEPCTUA (CAenatb
3T0 MOXHO, Hanpumep, Wwunom). MpwKUMHOE ycunue B NPoOLLECce CBEPNEHNA He AOMKHO
6biTb cnmwkom 6onbwmm, ytobbl HA 06paTHOW CTOpPOHE nnatbl He 06pa3oBbIBANUCH
6yropku BOKpyr oTBepCTUl. O6bluHble 3MEKTPOAPENU NPaKTUYECKW HEe MOLAXOOAT ANA
CBEP/IEHNA NiaTt, NOCKONbKY, BO-NEPBbIX, UMEIOT HU3KMe 060pOThI, a BO-BTOPLIX, 06napatot
[OCTaTOMHO 6O0MbLUOA MACCOM, YTO 3aTPYQHAET PErynupoBaHWe MPWKUMHOMO YCUauA.
YnobHee BCero As1A CBEPNEHWA NnaT ncnonb3osarb anektpoasurareny tuna AMM-35H un
UM nopobHble C HACaXKEHHbIM Ha uX Ban HeOOMbLIMM LaHroBbiM natpoHoM. [locne
CBEPIOBKM HY>XHO 06paboTarb OTBEPCTMA: yAaNuTh BCe 3a3yOpuHbl U 3ayceHubl. Caenarb
3T0 MOXXHO HaxkgauHon 6ymaron.

CrepyolimMm 3TanoM ABMAETCA MOKPbITUE nnathl (OAOCOM C MOCAeayLUM
nyxxeHmem. MoXXHO MCNoONb30BaTh cneumanbHble dochl NPOMbILLAEHHOMO U3rOTOBEHNUA
(nyywe Bcero cMblBaemble BOAOi unu BoobLue He Tpebytolime cMblBaHUA) MO0 NPOCTo
MOKPLITL NAaty cnabbiM pPacTBOPOM KaHUdonu B cnupTe. JTy)KeHne MOXHO NPOU3BOAUTH
AByMA crnocobamu: norpyxeHuem B pacnnas npunoA nubo ¢ NOMOLLLID NaAfibHUKA U
METanIMYeckon OMNETKM, MPOMUTAHHOW npunoem. B nepsoM cnyvyae HEOBXOQUMO
M3roTOBUTb XKENE3HYH BAHHOUKY U 3anoNHMTL ee HeOGONbLUMM KONMYeCTBOM cnnasa Pose
unn Bypa. Pacnnae pomkeH ObiTb MOMHOCTBIO MOKPLIT CBEPXY CMOEM ruULepuHa BO
n3bexxaHne OKWUCNEHWA NpunoA. [nA HarpeBaHWA BaHHOYKM MOXHO WCMOMb30BAaTb
NepeBepHyTLIA YTIOr WAW dnekTponnuTky. [lnata norpyxaetcA B pacnnas, a 3aTem
BbIHUMAETCA C OLHOBPEMEHHLIM YOANEHUEM M3MIMLLKOB MPUMOA Pakenem M3 TBEPLOM
pe3uHbl.

Paguontobutenbckue nnarbl, €CAM OHW U3rOTABAMBAKOTCA B AOMALLHUX YCIOBUAX,
06bI4HO 6bIBAKOT OQHOCTOPOHHUMMU, MWL CO CTOPOHbI AeTanei NPOBOAATCA NEPEMbIYKM
TaMm, FOe HEBO3MOXHO 3aMKHYTb MevaTtHble MpoBOAHWMKM 6e3 nepeceyenuA. bonee
KOMMNaKTHbIMM W TexHonornyHbiMu B cbopke nonydarotcA asyctopoHHue [, opHako
BO3HWKaeT npobnemMa metannusauun CKBO3HbIX OTBEPCTUN, Yepes KOTOpble 3aMblKatoTcA
NPOBOAHMKM 06enx CTOPOH nnathbl. [pUMeHeHne NponaAHHbIX HACKBO3b NPOBOLHUKOB U
MUCTOHOB OTAIMYAETCA HU3KON HAREKHOCTbIO, MOSTOMY Yalle BCEro Pa3BOAAT KOHTAKThI C
OAHOW CTOPOHbI HA APYryO N0 HOXXKaM KOMMOHEHTOB, MPUMNOAHUMAA WX Hag, nNnaTton anA
BO3MOXHOCTW Nponaviku ¢ AByX CTOPOH.

Ha carite http://www.pcbfab.ru coBeTyoT oA NepexoaHbiX 0TBEPCTUIA UCNOSb30BATbL
ObICTPOMOHTUPYEMbIE CBA3YHOLLME LWThIPK Anametpom 0,8 MM (puc.4).

OTO camblii LOCTYNHbIA cnocob anekTpuyeckoro coepmHenua. Bam notpebyetca
BCEro NWLUb TOYHO BBECTU KOHeL, Npubopa B OTBEPCTME HA BCHO AJSIVHY, NOBTOPUTL TOXE C
papyrumn otBepcTuAMU. Ecnn Bam HeobXOAMMO MPOM3BECTU CKBO3HYKO METannusauuto,
Hanpumep, 4Tobbl COEOMHWTb HEeJOCTYNHblE dnemMeHTbl, unm pnAa DIP KomMnoHeHToB
(cBA3ytOLLMX WTbIPEN), BaM noHapobutcA cuctema "Copperset'. 3Ta ycTaHOBKa OYEHb
ypobHa, Ho poporocToAwan (350$). OHa ucnonb3ayet "nnacTuHuatble 6pyckn” (puc.5),
KOTOpble COCTOAT M3 BpycKa NpUMoA C MeJHOW BTYNIKOA METanM3MpOBaHHOW C Hapy>KHOM
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CTOPOHbl. Ha BTYynKe Hape3aHbl 3aceykun C P p p P p
WHTepsanoM 1,6 MM, COOTBETCTBYIOLIME ‘““
TONLWMHE NnaTbl. Bpycok BBOAWTCA B OTBEPCTUE C

MOMOLLIbIO  CreuuansHoro annnukaropa. 3areM Puc.4

oTBepcTue npobuBaltOT  KEPHOM,  KOTOPbIN

Bbl3bIBAET NEPEKOC METANNN3NPOBAHHO BTYNKM, z

a TaKXe BbITaSIKUBAET BTYNKYy W3 OTBEPCTMA. _
KOHTaKTHble MMOWanky HanameBaroTCA C KaXaom Puc.5

CTOPOHbI Mnatbl AfIA NPUCOEAMHEHWA BTYNKW K

KOHTaKTHbIM NAOLAaAKam, 3aTeM Npunomn yoanAaetcA BMECTE C ONSIETKON.

K cuacTblo, 3Ty CMCTEMY BO3MOXKHO UCMOb30BaTh AJS1A MEeTaNmM3aumnmy CTaHaapTHbIX
otBepctuii 0,8 Mm 6e3 npuobpeTeHnA MOMHOrO koMnnekta. B kavectBe annnukaropa
MOXHO MCMonb3oBaTh /IH060N aBTOMATMYECKWIA kapaHpaw guametpom 0,8 MM, mogesnb
KOTOPOr0 MMEET HAKOHEYHMK, MOXOXWIA Ha M300paxeHHbIn Ha puc.6, paboTaroLiui
HaMHOro flyywle, Yem HaCTOALLMIA annaukatop. MeTaniusaunio OTBEPCTUIA HaZo
NPoOW3BOAMTL [0 Hayana MOHTaXa, Noka MOBEpPXHOCTb MnaTbl COBEPLUEHHO MNocKas.
OtBepcTA JOMKHbLI BbITb NPOCBEPSEHbl AUaMETPOM
0,85 MM, T.K. rocrne MeTannu3auuu ux pguameTpsbl
YMEHbLLAKTCA.

Btopoii BapvaHT nosyyYeHWA NPOBOAMMOCTM
yepes 0OTBepcTUA - MeTannusauua rpaduTom, C
NOCNEAyOWMUM rasibBaHUYECKUM OCAXOEHUEM MEOM.
Nocne cBepneHnA NOBEPXHOCTb NnaTbl MOKPbLIBAETCA Puc.6
a3p030/bHbIM pacTBOpOM, copepxatim
MENKOAMCNEPCHbIe YacTuLbl rpaduta, KOTOpbIM 3aTem pakenem (CKpebkoM wunum
LnarenemM) nNpoOLaBNMBAETCA B OTBEPCTMA (puc.7). MOXHO MCnonb3oBaTb a3po3ofib
dupmbl CRAMOLIN "GRAPHITE". [aHHbii a3po30ib LUMPOKO WCMONb3YyeTcA B
ranbBaHOMNACTUKE W APYruX ranbBaHUYECKUX MpoLeccax, a Takke Npu MonyvyeHum
MPOBOAALLMX MOKPLITUA B PaAMO3NEKTPOHUKE. ECnu OCHOBY COCTaBMAET nerkonetyyee
BELLECTBO, TO HeobxooWmo cpasy e BCTPAXHYTb Nnaaty B  HanpasfieHUM

. nepneHanKyNAPHOM MNOCKOCTM nnatbl, Tak 4To6bl
o WSMWWKA NacTbl YHANMAUCL W3  OTBEPCTUA [0
ucrnapeHna ocHoBbl. M3nuLiku rpaduTta ¢ NoBepxHOCTH
yoanaAwTcA pacTBOPUTENEM WM  MEXaHWYECKM -
wnncposaHmemM. HeobxooMmo OTMETUTb, YTO pasmep
MOSTlyYEHHOr0 OTBEPCTUA MOXET OblTb MeHblue Ha
0,2 MM UCXORHOrO anameTpa. 3arpA3HEHHbIE OTBEPCTUA
MOXHO MNPOYUCTUTL C MOMOLLBID Wbl WAU UHaYe.
Kpome aspo3oneii MOXHO MCMoNb30BaTh KONMOWOHbIE
pacTBopbl rpacouTa. [lanee Ha NpoBOAALLME LIUINHAPY-
Yeckue NoBEPXHOCTU OTBEPCTUI OCaXKOAETCA Medb.

[anbBaHUYECKMIA MPOLLECC OCAXLAEHUA XOpOoLIO

TokonpoBoAsWwan
nacta

OTtBepCTHA C
nacToi

Puc.7
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oTpaboTaH M LUMPOKO OMNMCaH B fnuTepatype. YcTaHOBKa ASIA NPOBEAEHUA [OaHHOWM
onepauuu npepctaBnAer coboit EMKOCTb, 3amOfHEHHYK PacTBOPOM 3NEKTponMTa
(HacbiwweHHbIA pacTBop Cu,SO4+10%-1 pacteop HySO,4), B KOTOPYHO OMyLLEHbI MeaHble
3eKTpodbl U 3aroToBka. Mexgy oanekTpogamu M 3aroTOBKOW CO3[aeTcA pasHOCTb
noTeHUMANoB, KotopaA [o/mkHa obecneuntb MNOTHOCTb ToKa He 6Gonee 3 A/gm2
MOBEPXHOCTW 3aroToBKW. BonbluaA MAOTHOCTb TOKA MO3BONMAET JOCTUraTb 60MbLUMX
CKOpOCTEN OCaXXpeHuA Megu. Tak, A OCaKOeHUA Ha 3aroTtoBKy TOMWWHOW 1,5 MM
HeobxoguMo ocapuTb 0O 25 MKM Meau, Npu Takol NAOTHOCTU 3TOT MPOLECC UAET YyTb
6onee nonyyaca. [nA uHTEHCUdMKaLMKM npouecca B
pacTBop afekTponuta MoryT fobaBnATbCA pasfuyHbIe
npucapgkn, a >KMOKOCTb  MOXET  NOABepratbecA
MeXaHnYecKoMy nepemeLumsaHuio, 6opbaraxy n gp. Mpu
HepaBHOMEPHOM HAaHECeHUW Mean Ha MOBEepPXHOCTb
3arotoBka MoxeT ObiTb oTwnudposaHa. [lpouecc
MeTanmsauum rpaduTom, Kak npaemio, UCMOMb3yeTcA B
CyOTPaKTUBHOW TEXHONOruMM, T.e. Mepef HaHeceHuem
dotopesucTa.

BcA nacrta, octaBLuaAcA nepep, HaHeceHnem Mefu,
yMeHbluaeT cBo60fAHbIN 06BLEM OTBEpCTUA U Npupaet
OTBEPCTUIO HeMnpaBWnbHYD OPMY, YTO OCNOXHAET
panbHedLnin MOHTaX KOMMOHeHTOB. boree HapeXHbLIM METOOOM ydaneHuA OCTaTKoB
TOKOMPOBOAALLE NAaCTbl ABAAETCA BaKyyMupoBaHue (puc.8) unu npopyska U36bITOUHLIM
[aBneHneMm.

D,J'IH CpaBHeHWA NpuBeaeM OCHOBHbIe 3Tanbl U3roToBIEHUA MHOTOC/IO/HOM NeyYaTHo! nnartbl B NPOMbILLSIEHHbIX
yecnosmAax (http:/www.espotec.ru). OCHOBHOe 0TI4Me OT NIOBUTENLCKOI - MHOrOKPATHOE MCMoNb30BaHe 060pyAoBa-
HUA ONA NOBTOPEHUA OOHOTUMHBLIX onepaumﬁ, YTO CHWXAET Tpyno3arparbl, NOBbILLAET KaveCTBo paﬁon:l U CHUWXaet
cebecTommocTb npopykta. OBHAKO XOUETCA BEPUTb, YTO PagMOMOOMTENBCKME MOUCKM B HANpaBiEHUN COBEPLLEH-
CTBOBaHWA “D,OMaLLIHEI'O" uarotosneHuA MM eLue He 3aBepLnnnchb. C NpuxoaoM Ha Hall PbIHOK HOBbIX Martepuanos U

MOBLILLEHNEM YPOBHA XM3HW BOMOXHOCTU PAmMONIOOUTENEA PACLLMPAIOTCA W MPOMBILUAEHHbIE TEXHOMOTVN YKe
CTAHOBATCA AOCTYMHbI B HOOUTENLCKUX YCTIOBUAX.

MATEPWAT

OT0 3aroToBKa BHYTPEHHETO CIOA MHOMOC/ONHOIA NevaTHol nnarbl. [uanekTpuyeckuit
marepuan, Hanpumep TEKCTONNUT, NaMUHUPOBAHHBIN MeAHON PONbroi. TomLwmHa Meau
06b1uHo cocTasnAet ot 0,018 mMm o 0,07 Mm.

NTAMWHWUPOBAHWE ®OTOPE3NCTOM

CnepyloLLmit 3Tan - HaHeCeHe NNACTYHOTO (HOTOUYBCTBUTENBHOIO Matepuana Ha
3aroToBKy. 3aroToBKa OYMLLLAETCA W NPUrOTABANBAETCA K HAHECEHWHO choTopesncTa. JTot
3Tan NPOXOAMT B UUCTOI KOMHATE C XXENTbiM OCBELLEHNEeM. Pe3ncT CBETOUyBCTBUTENEH
(06bI4HO K ynbTPACOUONETY) M MPY AONTOM XPaHEHUW Pa3pyLLaeTCA.

PASMELLIEHVE OOTOLLABTOHA

Ha 3arotoBke pasmeLlaetca cotowabnoH. Ha pucyHke n3obpaxeHa Tonbko ero Manaa
yacTb. Kpyr, 4acTb KOTOPOro n3obpaxeHa, B NocneacTsmn byneT coefunHeHnemM ¢
BHYTPEeHHUM cnoem. M3obpaxeHne Ha dotoabnoHe HeraTuBHOE MO OTHOLLIEHWHO K
GyayLuen cxeme. Mof TeMHbIMK y4acTkamm ootowabnoHa meab He ByneT yaanexa.

CKBO3HbI®
oTBepcTUA
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OKCMNMOHNPOBAHWNE ®OTOPE3NCTA

Y4acTKu NOBEPXHOCTH, He3aLLMLLEHHbIE (OOTOLIABN0HOM, 3acBeunBatoTcA. DOoToLabnoH
cHumaetcA. Mocne 3T10ro 3acBeYEHHbIE YYacTkin MOrYT BbITb YAANEHbI XUMUYECKM.
OBPABOTKA PE3NCTA

3acBeyeHHble y4acTki pesncTa yaanAKTCA, OCTaBAAA PE3UCT TONBKO B TeX 06NacTAx,
rne GymyT NpoXoamTh LOPOXKK NiaTkl. HasHauyeHue peaucTa - 3aluTuTb Mefb Nog, HUM
OT BO3[IENCTBUA TPABUTENA HA CNIEOYHOLLEM JTane.

TPABNEHUE

3aroToBKa TPaBUTCA ANA YAANEHWA HEHYXHOI Meau. PeauncT, ocTaBLUniiCA Ha
TMOBEPXHOCTU, NPELOXPaHAET Mefb MO, HAM OT TpaBneHuA. BeA HesalLmieHHan Mefb
YLANAETCA, OCTABAA AMANEKTPUHYECKYHO MOLNOXKY. [ocne TpaBneHna LOPOXKN CXeMbI
CO30aHbl 1 BHYTPEHHWIA CNIOA UMEET TPEOYEMBbIil PUCYHOK.

YOANEHWE PE3NCTA

Pesuct ypanaetca, OTKpbIBaA HEBLITPABNEHHYIO Mefb. Tenepb 3aroToBka NpeAcTaBAeT
c0B0i NONHOCTBHO FOTOBBIV BHYTPEHHWIA CroiA. B Halwem npumepe oHa GyaeT BTOpbIM U
TPETbIM CoAMY BymyLueih nnaTkl. Ha cnepyroliem atane Ha Hee HaHOCATCA BEPXHUN
(NepBbIit) M HWKHWIA (YETBEPTBIN) Cnou natbl.

NTAMUHVUPOBAHWE MEYATHOW MNATbI

Ha a1OM 3Tane BHYTPEHHMIA CNOW ABNAETCA LIEHTPOM MHOrOCNIONHOM nnatbl. Cnown
OLHOCTOPOHHEr0 TEKCTONUTa [OBABNAKTCA CBEPXY W CHU3Y BHYTPEHHETO CNOA. 3atem
COEOVHEHHbIE CNIOM NAMUHUPYOTCA NOL, NPECCOM NPU BbICOKOW Temneparype 1
pasneHun. CkpenieHne NPOMCXOUT NyTeM afreaun TEKCTONUTA K BHYTPEHHEMY COH0.
CBEPJIEHUE

Mnata cBepnuTcA Tam, rne TpebyeTcA MeTannm3auma oTBepcTuid. B Hawwem npumepe
0TBEPCTME NPOCBEP/IEHO CKBO3b MNOLLAAKY Ha BTOPOM Croe. B T0 xe BpemA
NepeceyeHmnA C PUCYHKOM TPETBETO COA HET. B3aumopacnonoxerue npocBepeHHbIX
OTBEPCTHIA C PUCYHKOM CIOEB CYLLECTBEHHO.

OCAXXOEHWE MELN

OTOT 31an CAYXMT LA NOKPLITUA OTBEPCTMA TOHKUM CroemM meTanna. Mpobnema B Tom,
4TO MOBEPXHOCTb OTBEPCTUA HENPOBORALLAA. [InA MeTann3aumum nnara noMeLLaeTcA B
BaHHy, rfie OHa MOMIHOCTbHO MOKPLIBAETCA TOHKUM CrIoem Meau. B pesynerare
NOKPLIBAOTCA Kak AMANEKTPUYECKIE, Tak U METaNIMYECKIE NOBEPXHOCTH.
HAHECEHWE PE3NCTA

[anee nnata noKpbIBAeTCA PE3NCTOM, PE3UCT 3aCBEUNBAETCA Yepe3 oToLIabmoH,
3aCBEYEHHbIE YYaCTKM YOANAKTCA. 3TV 3Tanbl aHANOrMYHbI ONUCAHHBIM PaHee C OBHNUM
OTAIMYMEM: PE3NCT YAANAETCA C y4acTkoB, rae bynet HaHOCUTbCA Mefdb. CnefoBaTenbHo,
1306paxeHne Ha oTowabnoHe LOMKHO ObiTb MO3UTUBHBIM.

ONEKTPONMUTUYECKOE HAHECEHWUE MEOU

Megb HaHOCMTCA Ha NOBEPXHOCTb OTBEPCTUA A0 ToALWMHbI 0,25 MM. Meab, ocaxneHHan
paHee Ha NoBEPXHOCTb OTBEPCTUA AOCTATO4HO TONCTAA, 4T06LI MPOBOAMTD TOK,
HEO6XOmMMbIA BIA ANEKTPONUTUYECKOTO OCXKAEHUA Meau. JTo HeobXoomUMo AnA
Ha[LeXHOr0 3NEKTPUYECKOrO COEAMHEHNA CTOPOH 1 BHYTPEHHIX CI0EB NNaTbl.

ONOBAHHO-CBMHLIOBOE NOKPLITUE

OnoBAHHO-CBUHLIOBOE 3MIEKTPOSIMTUYECKOE NOKPHITUE BBINONHAET [1BE BAXHbIE
(PYHKLMM: OHO BBICTYMAET PE3UCTOM [J1A TPABNEHWUA U 3aLUMLLAET MEeAb OT OKUCTIEHMA.
Ecnv nnata npoussogutca He no npoueccy SMOBC, Torfa ata cMecb MOXET BbiTb
pacnnasfneHa B neuu AnA NYKEHNA LOPOXKEK.
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YOANEHWE PE3NCTA

Pe3sucT ynanaetca, 0CTaBNAA ONOBAHHO-CBUHLIOBYHO CMECh (MPUMOIA) U HAHECEHHYHO
Menb. Mefib, NOKpbITaA MPUMOEM, BbILEPXUT NPOLIECC TpaBNeHuA 1 obpasyet coboit
PUCYHOK Mnarbl.

TPABIEHWE MEOW
Ha aToM aTane npunoit MCNonb3yeTcA kak PesucT AnA TpaeneHna. HesalmiieHHan
Mefb YOAnAETCA, OCTABAA Ha NiaTe PUCYHOK GyLyLUeR CXEMbI.

YOANEHWE NPUNOA

Mpunoi ynanAeTcA ¢ NOBEPXHOCTU MEAY, W nnata O4nLLAETCA. OTO Hayano npoLiecca,
HasbiBaemoro SMOBC (solder mask over bare copper - Macka noeepx HeobpaboTaHHoi
menu). B apyrux npoueccax, 0noBAHHO-CBUHLIOBAA CMECh PacniaBnAETCA ANA
[anbHEALIEro NCronb30BaHUA (MyKEHWE).

HAHECEHWE MACKU

[inA 3awuTsl NOBEPXHOCTY NNaThl, Tae B AanbHeiiliem He noTpebyeTcA naika,
HaHocuTcA Macka. CyLLEeCTBYET HECKONBKO TUMOB MACOK 1 METOLL0B €6 HaHECEHWA.
DOTOYYBCTBUTENbHAA Macka HAHOCUTCA TeM e CocoboM, YTO U (hOTOPE3NCT
obecneumBaeT BbICOKYHO TOUHOCTb npouecca. LLenkorpadpuueckuit cnocod HaHeceHuA
He obnanaeT Takoil TOYHOCTBH), HO Marepuan Macku onee nnacTuyeH.

HAL (Hot Air Leveling - BbipaBH1BaH1e ropAYMM BO3LYXOM)

[Mpunoi HannaBNAETCA Ha He3aLLMLLEHHYI0 MACKo Mefib, COXPaHAA ee OT OKUCneHnA. B
OTNIYNE OT [PYTUX NPOLLECCOB, MO, MACKO! NpunoA He ocTaetcA. Mnara SMOBC rotosa
LLNA 3aKMIUUTENbHBIX STAN0B: HAHECEHNA HAANUCEN (enkorpadua), peski,
TECTUPOBaHMA U YNaKOBKK.

None3Haa nHcpopmauuma

PapnontobutenAm, MOHTUPYHOLLMM CBOW KOHCTPYKLMK HA MeyaTHbIX nnarax, MoryT
NPUrOANTLCA MPUBELAEHHbIE HUXXE COBETbI. Ka)K oMy NPOBOQHMKY HA CXEMe NpuUcBanBaoT
MOPALKOBbLIA HOMEpP W MNPOCTaBAAKT €ro PAAOM CO BCEMW BblBOLAMM [ETanen,
MPUCOEAVHAEMbIX K 3TOMY MPOBOAHMKY. Ha meyatHOW mnare Takke NpPOCTaBAAKT 3TW
HOMepa Ha COOTBETCTBYHOLLMX NPOBOLHMKAX; Ny4lle BCEro HOMepa npoTpaBnTb BMeCTe C
NpPoOBOAHMKAMW. TakaA MapkupoBKa COKPaLLAEeT YKCIIO pasfMyHbIX HaAMnuceil Ha nnare,
obneryaetr MOHTaX, HanaXMBaHMe U NMOWCK BO3MOXHbIX HeucnpaesHOCTeR. Mapknposka
ocobeHHO ypobHa B TOM Cryyae, KOrga neyatHble NPOBOLHWKW BbIMOMHAKT B BMAE
oNbrMpoBaHHbIX OCTPOBKOB. ECnin e NpOBOSHMKW Nnathl Y3KWE W GAWHHbIE, TO CriepyeT
B ynoOHbIX MeCTax NPeaycMOTPETb MOLWAnKM AJ1A Pa3MELLEHNA HOMEPOB.

Pa3metka nnatbl yNpoLLaeTcaA, eCiiu Ha ee NOBEPXHOCTb B NPeanonaraeMom MecTe
YCTaHOBKW 3fIeMeHTa HaHEeCTW Cnol nnactunuHa TonwwmHon 0,5...1 MM, XenatesibHO
cBeTnoro ToHa. Cnoi pomkeH O6biTb rmagkum u TBepabiM. 3atemM K pasmeTke
NOAroTaBNMBAIOT feTanb. [11A 3TOro BCE €€ BbIBOAb! CNEQYET YKOPOTUTL A0 OLMHAKOBOM
AavHbl (10...15 MM) M NOAOrHyTb Tak, YTo6bl OHW BbINM NEPNEHAMKYNAPHBI OCHOBAHWIO
QETanu, Havye MOryT BO3HUKHYTb HETOYHOCTM NPU pasmeTke OTBEPCTWIA. 3aTem petasnb
BbIBOLAMW BHU3 OMyCKAKT Ha NpeanofiaraemMoe MeCTO ee YCTAaHOBKW W cnerka
BOABNMBAKOT B NAACTUAMH L0 TEX NOP, NMOKa BbiBOAbI HE KOCHYTCA MOBEPXHOCTW Mnarbl.
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Mone3HaA nucopmauma

Ecnu Tenepb getanb OCTOPOXHO BblHYTb, TO OTBEPCTUA BymyT YeTKO BUAHLI. Jlerkumu
yoapamu MOoTKa N0 0CTPO3aTOMEHHOMY KEPHEPY HaMeyatoT LLeHTPbl 6yayLLnMX OTBepCTUin
B nnare. [ocne pasmeTku Cnoi nNnacTUIMHa CHUMAKT NHOBBIM MNOCKMM NPeaMeToM M
CBEPNAT OTBEPCTWA. JTOT crnocob ynobHO NPUMEHUTL U NPU KOMMOHOBKE deTanen Ha
nnare. MNpu onpegeneHHOM HaBblKe OH CYLLIECTBEHHO COKpALLAEeT BPEMA, 3aTpaynBaemoe
Ha 3Ty pabory.

KomaHpa pa3paboTuMkoB OQHOrO M3 Hay4yHO-MCCNEROoBaTENbCKUX MOQPa3heneHuii
KoMnaHun Xerox npeacTaBuna Ha KoHdEepeHumnm obLecTBa MCCNEQOBaHWA MaTepuasnos
(MRS), npowepLwen Ha 3T0Oi Hepene, HOBYH TexHonormo. OHa MO3BONAET CO3pdaBarb
NNacTUYHble ONEKTPOHHbIE CXEeMbl W TPAH3UCTOPbl C MOMOLLbIO  CheuunansHON
NONyNPOBOLHUKOBO MEYaTHOM Kpacku, NPOLLE rOBOPA, MOSYNPOBOLHUKOBBLIX YEpHMN
(semiconductive ink), ncnonb3ya MeTog, CTPYWHON neyatn. He Tonbko Xerox, HO U MHOrve
opyrve komnauun Takke paboraror B 310 06macTv, MbliTaACb HaWTM 3dEKTUBHBIN
cnocob co3paHnA MUKPOCXEM C MOMOLLLbKO TEXHONOMMW CTPYMHOMA Nevat Uam e Apyrux
€nocoboB OEMOHUPOBAHWA XXMAKOCTU Ha NMOBEPXHOCTb, OfHAKO OOMbLUMHCTBO NOJO6HbIX
pa3paboTok TPebytoT XKECTKMUX YCIIOBUIA NPOU3BOACTBA BPOLE BLICOKOWA TEMMepaTypbl uiau
[aBneHvA. HoBaA TeXHONOMMA OT Xerox No3BOSIAET neyararb TPaH3UCTOPbI MPU KOMHATHOM
Temneparype, 0BblMHOM aTMOCHEPHOM AABMEHWM U, MOXHO CKa3aTb, Ha OTKPbLITOM
BO3gyxe, He TpebyA Kakux-nnbo nabopaTtopHbIX YCOBUA.

B naboparopuax Xerox 6binu paspabotaHbl creuuanbHble martepuanbl kak piA
neyaTn nosynpOBOAHUKOBLIX KOMMOHEHTOB MAaT, Tak W AfA CO3AaHUA ANINEKTPUYECKMX.
HoBaa TexHonornA 6a3vpyeTcA Ha MCMOb30BaHUM NOSMTUOGEHOBbLIX MOSTYNPOBOAHUKOB,
Takxe paspaboTaHHbIX UCCNenoBarenAaMmn Xerox eLle NpoLUioi oceHbto. MNonutnodeH -
3T0 OpraHWYeckoe COefMHEHWe, KOTopoe, B OTAMYME OT OONbLUMHCTBA KUAKUX
MOYNPOBOAHUKOB, MPAKTUYECKU HE MOLBEPXKEHO Pa3fIOKEHUIO HA OTKPLITOM BO3OyXe.
Paspabotunkamm  6bin  HalpeH cnocob, nossonAwWwMA  npeobpa3osbiBaTb
NOMMTUOCDEHOBLIN  NONYNPOBOLHUK B  COCTOAHWE CMELManbHO  YNOPAROYEHHbIX
MeNbYanlLmMX YacTul, WUMEHLLMX pasMep OKONo HaHomeTpa. TpaHCcopMMpPOBaHHbIE
Taknm 06pa3om B TeKyuyro DOpMYy, 3TW HaHO-4acTMUbl 06pasytoT “YyepHuna’, KOTopble
MOXHO MCMONb30BaTb ANA Neyatt TPEX OCHOBHbLIX KOMMOHEHTOB SMEKTPOHHBLIX CXEM:
NONYyNPOBOAHUKOB, MPOBOAHUKOB W LU3NEKTPUKOB.

HoBblii MeTOf, CTPYMHON neyatn UMeeT PAf, CYLECTBEHHbIX NMPEUMYLLECTB Nepen,
UCMOMb3YEMbIMU CErOAHA TEXHONOMMAMMU, Tak, K NPUMEpY, NPy NOCTPOEHUN BOMbLUMHCTBA
YMNOB OCHOBHOW Ha CErogHALWHWA AeHb ABnAeTcA TexHonornA CMOS (complementary
metal-oxide semiconductor - KOMMNEMEHTaPHbIA METaNNOOKCUAHBIA MONYNPOBOAHMUK),
KOTOpaA AOBOSIbHO fopora M K ToMy e TpebyeT TBepAoro 0CHOBaHWA AJf1A NOCTPOEHMA
CXeM, TaKoro Kak KpemHuid, Hanpumep. HoBaA TeXHONOrMA Xerox No3BONWUT CO3[aBaTh
NAacTUYHbIE CXEMbl, MpUYeM C HEOONbLUMMW MaTepuasbHbIMU 3aTpatamu. Hanbonblume
NepPCneKTMBbI CTPyAHAA nevatb CXeM MMEEeT B 06nacTv CO3JaHWA OMCNAeeB, KOTopble
MOXHO OymeT rHyTb, cBopauuBatb B TPybouky, crubatb Mo, pasHelMU yrnamu u
pacTArMBarb BCEBO3MOXHbIMU Apyrumu cnocobamu. Takke HOBOW TEXHONMOrMER Yxe
3auHTEpecoBanuch npoussoautenu RFID uMnos (pagmoyactoTHana oeHTUduKauma).
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Mukpocxema NE592 - Bugeoycunutens ¢ gpudddepeHumansHbiM BbIXOROM

OCHOBHble NapameTphbi:

HanpaxxeHune nutaHuA 8B
BxogHoe HanpaxeHue 5B
BbixogHom TOK 10 MA
KoadppuumeHt yeunenna  80...600
BxopHoe conpoTuBnexune  4...30 kKOM
BbixogHaA MOLLHOCTb 1B;
[nanasoH yacToT 40...90 My,
O
INPUT 2 E E INPUT 1
NC E E NC

G28
GAIN SELECT E

Ha pwuc.1 nokasaHa LOKoneBka
yeunuTenA, Ha puc.2 - MpuMep
MCMONb30BaHNA B Ka4yeCTBE OCHOBHON
KOH(Urypauum, Ha puc.3 - B KayecTse
AnddepeHLMpyOLLEro Kackaga.

B tabn.1 npmBeneHbl CBEAEHMA O CXEME
dunsrpa Z, nokasaHHoro Ha 6a3oBon cxeme.

Puc.1

G““;EEECT E " GAINGS1EALECT ] v
" E 0] ve B OUTPUT 1
NC E E NC
output2 [7| I‘ OUTPUT 1
+6
2rg o) 14 \IQ
o 2k
1 \Z
14 : | 0 1 592 Vo
O o 1
V4 592 Vo
1
7 C
o
5
4 o) —I S 2K
F1<<12n(32)C -6B
o 4. Vi
% VO=1.4x10CdT
Puc.2 Puc.3
Tabnuua 1
Lenb Z Tun unbTpa DyHKums
R L
— 3} ®HY vo(s) = 14108 [5+R/L] Vi
O—ER |—|c|—0 ®BY Vots) = 14x108 s |y g
=R s+1Rc| 1
R L c
— 14 x 104 s
— """ no Vo =" [sZ +Ris + 1/LC] Vit
L
R PO — 14x 104 s2+ 10
c Vots) R [52 +1/LC + $/RC Vit
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Monesown TpaH3uctop 3SK309
3arBopamu anA YKB gnanasoHa
OcHoBHble napameTpbl:

Ucu 6 B;
leT 18 MA;
PBbix 0,1 Br;
Kyc 21 nb;
S 40 mA/B
frp 2000 Mry,
KaHan Tuna N
KL 1,25 ob
1. Uctok
2. 3arsop 1
3. 3arBop 2
4. Ctok
Va2
o
s

1000 pF

YCUAUTENbHBIA C ABYMA U30MMPOBAHHBIMM

Ha puc.4 nokasaHa UOKONEBKa
TpaH3ucTopa, Ha puc.6 - npumep
MCNOMb30BaHWA B yCuauTene AuanasoHa
100...2000 MTlu, Ha puc.5 - napametpbl
WHOYKTUBHBIX 3/IEMEHTOB CXEMbI.
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3apybex.ovonbl 1 ux aHarnory. Xpynes A.. Cnpas. 1.1,1.2.,1.3,7.4,7.5,1.6. M. "Papvocodr”,
3apybexHble aHanorosble MUKpOCXeMbl 1 Ux aHanorn.Cnpas..1,2,3,4,5,6,7,8.M.Papvocodpt 2000r.
PeMOHT MMNOpTHBIX Tenean3opos.Bbin.2, Bbin.7,8biN.9 M.:ConoH. 2003r.,272, 224,198 cTp.A4
PemoHT 3apybexHbIx Tenesn3opos. Bbin.44. Ponyr A.B. M.:Conow, 2003r., 200cTp.A4

YCTPOVCTBO M PEMOHT NEPCOHanbHOro komnbtotepa. KH.1 1 kH.2 CTvse burenoy, 2004r., no 912c.
TMouck HeenpaBHOCTeN 11 PEMOHT 3NEKTPOHHOI annaparypbl 6e3 cxem. [lesnacoH 1., 2004r.,544c.
CxemoTexHIKa yeunuTenbHbIX KackafioB Ha 6unonApHbIx TpaHavctopax. M.:[opeka,2002r.,256¢.
WHrerpanbHbie yeunutenu HY. U3p.2-e nepepab. v pornonH. fepacumos B., 2003r.,522¢.

Yeunurenn Hu3koit yacTorsl. JTrobuTensckue cxembl.Y.2. M.:Papnocodot, 2002r.,304c. 1 288c.
MpensapuTensHble YHY. NMiobutensckue cxembl. XanoaH A.A.-M.:Paguocodbr, 2001r.

YcrpoiicTeo aymmo- Bupeoannaparypbl.OT feTekTopHoro npuemHika oo UM crepeopeccueepa.,288c.
OHLMKNOMEnvA YCTPOICTB Ha MoneBbIx TpaHavcTopax. bubnvoreka uHxerepa. M.:Conon, 2002r.,512c.

OHumknoneaua papvontobutena. Pabotaem ¢ komnbtotepom. Mectpukos B.M.- C6: H1T,2004r.,268¢.

OnextpoHuka. MonHbIit Kypc nexuuia. MpAwwHukos B.A. 4-e nap,.,M..KOPOHA npuHT, 2004 r.,416¢.

B nomotub papvontobutento: 100 HemcnpasHocTeit Tenean3opos. XK. Jlopan, MK, 2004r., 256¢.+ un.
OcHoBbI TENEBU3NOHHOM TexHuKY. JlyauH B., M.:ConoH,2003r., 432c.

TeneBn3noHHbIe MPOLLECCOpbI CUCTEMbI yrpaBneHuA. XKypasnes B.A. usp-e 2-, pon.,ClM6:HuT,510c.
Tenesu3opsl HORIZONT. Kopski-Yeptak C.J1.-C.M.:HWT , 2002 ., 160cC.+ Cx.

Tenesu3opsl LG.LLaccv MC-51B, MC-74A , MC-991A. MbAros I"., C.IM.:HWT,2003r. 138c.+Cxembl.
Tenesu3opsl DAEWOO 1 SAMSUNG.Cepua Tenemactep. beasepHuii 1.6.,2003r., 144C.+Cx.
[MepeHocHble LBETHbIE Tenean3opbl.Cnpasounuk. bpunnuaxtos [.M1.-M.:Pagvocodor,304c.

360 npakTecKuX HeucnpasHocTed. 3anucki Tenemactepa. Hasapos B.B. M.:Conon, 2004r.,288c.
LigetHble Tenesu3opl. Mocobue no pemoHTy.EnbAlukesny C.A. MeckuH A.E. M...J1-Tenekom, 352 c.

Ypoki Tenemactepa. YCTpoiicTBo 1 peMoHT 3apybexHbix LITB. BuHorpanos B., M.:Kopora,2003r.,400c.

YcoepLuercTBOBaHMe Tenesnaopos 3..5YCLIT .Pybaruk B. HAT., 2000 r.288c.
"YneTbiit 3ByK" TBOETO Tenean3opa. CnpasouHoe nocobue. Manpens 3., 2002r., 176¢.
Lncbposan anekTpoHuka . Map-e 2-e pononH. Maprana O.H., HWT, 2001 r. - 222 c.

20.00
15.00
25.00
34.00
14.00
44.00
54.00
45.00
39.00
no 25.00
42.00
no 24.00
49.00
no 29.00
29.00
21.00
no 5.00
35.00
35.00
12.00
17.00
14.00
16.00
28.00
23.00
no 39.00
no 39.00
no 39.00
no 39.00
44.00
o 68.00
48.00
19.00
42.00
22.00
20.00
24.00
49.00
24.00
36.00
29.00
33.00
23.00
24.00
23.00
32.00
21.00
29.00
33.00
37.00
24.00
19.00
19.00

OdopmMneHune 3aka3oB no cucteme “KHura-noutoin” gnA opraHn3auui

o

, MIHHu N

, MOYTOBbIN appec

Onnara npoussogutcA no 6/H pacuyeTy cornacHo apgpecy: usparensctso “Papioamarop”, a/A 50, Kues-110,
BbICTABNIEHHOMY cuyeTy. [OnA nonyyeHua cuyeta Bam 0310, mnm no an. nouyte val@sea.com.ua. B 3afABke
HeobxoOMMO BbICNaTh NepeYveHb KHUT, KOTopble Bbl X0Tenn  ykaXkute CBOW HOMep dhakca

6b1 NprobpecTu, no dakcy (044) 219-30-20 wnm NOYTON NO  C-Ba NNat. Hasnora.

Flpm nokynke KHUr Ha cymmy 6onee 60 rpH. nosyyaere B NofapoK
karanor “BcA papmnoanekTpoHuka Ykpanubi”!!!




Cpok nony4eHna 3akasa o noyte 1-3 Heaem ¢ MOMeHTa onnarel.
[lo Bcem Bonpocam, cBA3aHHbIM ¢ pa3aenom “Khura-noytoi”, npocsba obpaiuarsca no 1./¢h. 219-30-20, email:val @sea.com.ua.

KHura-nouron

KapmaHHbiii cnipaBouHik papurontxerepa. kot desuc. M..[opeka, 2002r.,544c.

CnpaBouHuK anekTpuka. Kucapumos P.A. 2-e uspanue, 2004r., 512c.

KB-npuemHmk MupoBoro yposHA Kynbckui AJT. -K.:HWT , 2000 r. 352c.

AHTeHHbI.HacTpoiika 1 cornacosatve.lpuropos .H.,M.:Paguocodpr, 2002 1., 272¢.

AHTeHHbI. fopopckre KoHCTpykuwm. Mpuropos .H., M.:Pammocodpr, 2003r.,304c.

Papvontobutensckui High-End.,"Papioamarop"., -120c.

OnekTpoHuKka AnA poibonosa. Lenectos .M. M.:Conon, 2001r. 208 c.

TexHuka anextponosa pbibbl. Xonbipes B.B., 2003 r.,144 c.

450 nonesHbix cxem paguontobutenam. LLlyctos M.A.,2003r.,352¢.

500 cxem A papvontobuteneii. Mpuemnmku. CembaH A.lM., 2004, 188c.

HactonbHan kHura papwontobutens-koHcTpyktopa. Hukonaexko M.H.,M.: AMK; 2004r.,280c.

3ByKOBaA CxeMOTeXHIKa ANnA papuontobuteneit. Metpos A.H. H1T, 2003r.,400c.

[MpakT4eckue CoBETbI MO PEMOHTY BbITOBOM papvMoanexTp. annaparypel. Ctonosbix A.M.,2003r, 152¢.

IMpakTyeckan cxemotexrmnka.KH.2. VcTouHuky nutanuA 1 crabunuatopsl. LLlyctos M.A.,2002r.

[MpakTnueckan cxemotexHnka.KH.4. KOHTPpOmb 1 3aLumTa UcTouHnkos nutaxuA. LLyctos M.A.,2002r.

IMpoexTnpyem 1 cTpoum ocumnnorpad. fopopetikui U.B., M.:Conon, 2002r.

PapnoaneKTpoHmKka B KOHCTPYKLMAX U yBReYeHuAx. MecTpukos B.M., CM6:HWT, 2004r.,234c.

Papyontoburenam nonestbie cxeMbl.KH.3. [lom. aBT.,npucT.k Tened.,oxp.yc...M.Conon,2000.,240 c.

Papyontoburenam noneatbie cxeMbl.KH.4. OnexTp. B 6biTy.internet anA pagurontob u ap.,2001r.240c.

Papyontoburenam nonestble cxembl.KH.5. BbicTpan 3awmTa PA, foMalLHAA asTomatuka v ap.,2003r.

Papyontoburenibckue KOHCTPYKLMM Ha PIC-MukpokoHTponnepax. 3aely H.W., M.:Coro, 2003r.368¢.

Papyontoburensckan asbyka.T.1:Lindpposan TexHmka. KonpyHos A.C., M.:ConoH, 2003r.,272¢.

CexpeTbl 3apyBexHbIX papvocxeM. YuebHuK-CripaBouHK AfiA Mactepa v ntobutena. Mocksa, 2004r., 112c.

CxeMbl anA papmontobuteneit.Kiura 1. bpapynos MM.A., M.:Ansrekc, 2003r.,160c.

KOHCTPYKLK 11 CxeMbl ANA NpouTeHnA ¢ naAnbHrkoM.KH.1,KH.2,KH.3., Tpud A.,2002r., 288,328¢., 240c.

KOHCTPYKLI 11 CXembl [LN1A NPOYTEHNA C MaANbHUKOM. KH.4.AyauotexHika.2003r.,240c.

HOHoMy papvontobuTento AnA NpoYTeHUA ¢ NaAnbHUKOM. MocAruH B., M.:CoroH., 2003r., 208c.

OneKTPOHHbIE cUCTEMBI OXpaHbl. Apee KapuHo., M.:AMK,2003r.,256¢.

CyCTEMbI OXpaHHOM CUrHaNM3aLLM: OCHOBbI TEOPUM W MPUHLIMMBI NIOCTPOeHuA. M. Tenekom, 2004r.,368¢.

ABTOTPOHYKA. AneKTPoo6OpYA. 1 C1CT. BOPTOBOM ABTOMATMKM COBPEMEHHIX 11/a.CepuA "PeMoHT",272C.

AgtocurHammsauym ot A o Z. Koprakur-Yephak C.J1.,CM6.: HWT, 2002r., 336¢.

AHanoro-Ludposble 1 Lmdpo-aHanoroeble npeobpasosarenit. CnpasouHuk. Hukamun B. 2002r.224c.

Cyuaci i MarbyTHi iHchokoMyHikaLLiiHi TexHonorii Yipaitu. boHaapeHko B., K.:Pagjoamarop, 2004p.

TexHonorum uamepermit neperyHoi ceTn.(Cuctemb cuHxpormsatim,B-ISDN, ATM.) M.:3ko-Tpe., 150c.A4

Linchposble ATC aniA cenbekoit ceA3n.Kapravuesckui B.I".,M.:3ko-Tpeaa, 2003r.,286¢.

Pa3paboTka yCTpoiACTB ConprXeHnA ANnA nepc. komnbtotepa Tvna IBM PC.Hoswkos F0.2002r.,224c.

CoBpeMeHHble MyKponpoLieccopbl.KopHees B., u3g,. 3-e nononH. v nepepab., 2003r., 440c.

Anrpeiig, komnbtotepa. CamoyuuTens. Mpusanos A., MuTep, 2004r.,304c.

Bribop v mopepru3aLma komnbtotepa. Anatomua MK. Kytysos M., Murep, 2004r.,320c.

[varHocTvka, peMoHT 1 npodhunaktuka MK. Mpaktudeckoe pykosoacTso. Mnatoros KO.M., 2003r.,312c.
Komnakr-gucku

CD-R "PAMOAMATOP 3a 11 net" "PA"-1999 - 2003r.r.+"3","K"-2000-2003r.r.(160 HOMEPOB + 3 KHur)

CD-R "Papioamarop"+"3nektpuk"+"KoHcTpykTop" 2002r. (36 HOMEPOB »ypHaroB)

CD-R "Papioamarop” + "Onektpuk'+"KoHcTpykTop'+'PaarokoMnoHeHTbl" 2003r. (40 HOMEPOB + 2 KHr )

JKypHanbl

"Papjoamarop" xypHan N92,3,4,56,7,8,9,10,11,12 3a 2003r., N21,2,3,4,5,6,7,8 3a 2004r.

"KoHcTpyktop" xypHan No1,2,3,4,56,7-8,9-10,11-12 3a 2003r., N21,2,3 33 2004r.

"OnekTpuK" xypHan N92,3,4,5,6,7,8,9,10,11,12 3a 2003r., N21,2,4,5,6,7,8 3a 2004r.

"PapvokommnoHeHTbl" xypHan N21,2,34 3a 2001r., Ne1,2,3,4 3a 2002r., N21,2,3,4 3a 2003r.,N21-3 32 2004r.

"Papmo-napap" xypHan No1,2,3 3a 2004r.

33.00
28.00
16.00
26.00
39.00
9.00
17.00
17.00
25.00
17.00
24.00
28.00
16.00
19.00
19.00
11.00
24.00
18.00
19.00
18.00
39.00
29.00
12.00
24.00
no 18.00
26.00
17.00
23.00
56.00
37.00
34.00
29.00
15.00
39.00
47.00
17.00
40.00
27.00
17.00
24.00

40.00
20.00
25.00

o 7.00
1o 5.00
o 5.00
no 5.00
no 6.00

OchopmMineHre 3aKa3oB N0 cUcCTeEME ~KHUra-nouTon AJA YaCTHbIX NuL,

MNepesop, otnpasnATb no agpecy: MoTtopHomy Baneputo

Bnapumuposuyy, al/a 53, Kues-110, 03110. B oTpbiBHOM

Ecnu Bac 3auHTepecoBano kakoe-nubo M3 nepeyuc-

T0o Bam Heobxopnmo odopMuTb

NeHHbIX U3OaHUN,

LleHbl paHbl B rpUBHAX C yYeTOM nepecbiyiku n
AEeNCTBUTENIbHbI B TEYEHME MeCALa C MOMEHTA Bbixoaa XypHana.

AnA uneHoB knyba yutarenen “Papioamaropa” peicTBytor

noctofAHHble cknaku. Monoxenune o Knybe untante B BP N2 1.

1 0bpaTHbIi

ALemM  TanoHe NOYTOBOro NepeBofa YETKO YKaXxute cBO

6nuxa

MOYTOBbIN MEPEeBOA Ha yKa3aHHylo CyMMy B

oTAeneHnn CBA3N.

afpec 1 Ha3BaHue 3aKka3biBaemon Bamu KHUru.




