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AHHOTALUA

MeTon npeaBapuTeNbHOW KOPPEKIIMH MU(PPOBOTO CHTHAJA B MEpPEIaTIHKE
CKBOKMHHOTO TMpUOOpa IyTEeM M3MEHEHUS HE AaMIUIUTYAbl, a [IUPUHEI
KOPPEKTUPYIOIIETO UMITYJIbCA.

Abstract

Method of a digital signal preemphasis in the transmitter of the downhole
device by change of width of an corrective pulse instead of change of amplitude.

[lepenaua nanubix B kogax AMI (HDB3) u NRZ mHoro et ucnonb3yercs
B CKBaXMHHOU TenemeTpun Ha ckopoctu 300kbox [1,2]. OnHako nanbHeiiiee
TpeOyemMoe YBEJIMYEHUE CKOPOCTH TNepeAauyd MaHHbIX 10 BeauuuH (500-
800)xbon HaTanmkuBaeTcs Ha OONBIIYIO CIOXHOCTH HACTPOMKH aHaJOTOBOTO
KOPPEKTOpa IpH CMEHE KaOels.

3ajaya HACTPOMKK KOPPEKTOpa MPUEMHUKA MOXKET OBbITh YHPOIIEHa MyTeM
npuMeHeHus:  npenBapurenbHoro  koppekropa  (IIK) B mepemaruuke
ckBaxxuHHoro npubopa. [IK mno3Bonser 3apanee BblpoBHATH AUX yuacTka
kalbenss  JIMHOM  mopsanka 2-3kM M OJHOBPEMEHHO  00OecreurBaeT
SHEPreTUYECKUI BBIUTPHIII B OTHOIIEHUH CUTHAJI/TIOMeXa Ha BXOJE MPUEMHHUKA
[3].

3a py6exxom [IK mmpoko UCHONB3YIOTCS MpHU Nepenaye NaHHbIX 110 BUTOM
nape B koae NRZ [4,5]. Koppexrupytomee 3BeHo [IK oObraHO mpencraBiser
co0Ol OJHOMOMIOCHBIH (QWIBTP C KOHEYHOM HMITYJIBCHOM XapaKTEPUCTUKOM
(KMX) na Beixonme mnepenaruuka. Ilepenarounas ¢ymxkuma KHX  ¢umbrpa
OIMKCHIBACTCs BeIpakeHueM: F(w) = 1-a*e JOA e a - K03 PHUIHEHT repeaadn
IPOrpaMMHUPYEMOI0 yCHUIUTENsl, a At - JUIMTENBHOCTH MPOrPaMMHPYEMOIt
3anepkku. JKenarenpHbli Bua AYX ¢uinbTpa moayyaroT pa3aenbHbIM, WIH
COBMECTHBIM IPOrPAMMHUPOBAHUEM JJIUTEIBHOCTH 33JIEPKKU U KO3 (ULIMEHTA
nepenayu yCHInTeNs.

O¢pdextunocts 1K Ha ocHoBe KUX uiibTpa BO MHOrOM omnpezensieTcs
palOHATIBHBIM BBIOOPOM BEIMUYHUHBI 33J€PKKU At, KOTOPYIO BBIOMpPAIOT KaK

1leAyl0 1AM ApOOHyIO d4acTh TakTosoro wuHrepsasda(T). Ha puc.1
npeactaBieHbl AUX koppekTupyronmx (GUiabTpoOB MPH Pa3TUYHBIX 3HAYCHHUSIX
At: T, T/2, T/4 u nocrosiHHOM BenuuuHe ko3 duimenta koppekuuu (a=0.6). B
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noknaae OyaeT IMoKazaHo, 4YTO BeidwmuuHa 3anepxkku At = T/2 sBasercs

OIITMMAa/AbHOI U He TpeOyeT M3MEeHEeHI B IIpOoLiecce HaCTPOTIKIL.

OObIYHO KapOTaXHBIA Kabenb uMeeT mnuHy 4-7km. Ecnau  nanubie
nepenaroTcs ¢ taktoBord wactoroit Fr = 1/T = 500K, To kpytmszna AUYX
kabenst Ha moiyTakToBOM 4actore Fr1/2 mpeBbicur Benmumny 18nb/okt. s
BBIDABHUBAHUS  TOJOOHOW  XapakTEPUCTHKKA HEOOXOJUM  KOPPEKTOp C
cooTBeTcTByIOIEe KkpyruzHod. Kpyruzna AUX paccmarpuBaembix [IK
orpaHu4eHa BeqMunHoi 61b/okT. CiaenoBarenbHO, NOJHOCTHIO BEIPOBHATH AUX
BCEro Kabenss ¢ uX TNOMOLIbI0 HEBO3MOXHO. [loaTomMy, nemMoHcTpauus
spdextuBnoctn IIK, Oyner mokaszaHa Ha mpuMmepe BBIpaBHUBAHUS (HOPMBI
CUTHAJIa C BBIXOJAa KOPOTKOro OTpe3ka Kabens mnuHod 2kM. AUX kabens
npuBeeHa Ha Puc.2.

AYX pacemorpennsix [1IK umeror o6parsbiii BUA no oTHomeHUuo Kk AUX
Kalensi, 4TO CIMOCOOCTBYET CHIDKCHHIO MEXCHUMBOJIBHBIX HckaxeHui(MCHN).
O¢ddexr npumenenuss wuszBectHbix I[IK Bumen wu3 cpaBHeHuss (opmbl He
KOPPEKTUPOBAHHOTO (pUC.3) U OTKOPPEKTUPOBAHHOIO (puc.4) CUTHAJIOB Ha
BBIXOJIE KOPOTKOTO Kabens mpu mepenade cinoa nanubix (0110100...) B xoxe
NRZ. Buano, yto B OTKOppekTupoBaHHOM curHaie MCU mnpakTuuecku
OTCYTCTBYIOT.
dB
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Puc.1 CemeiictBo AUX KUX dunbTpa. Puc.2 AYX xopoTkoro kabers.
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Puc. 3. He koppeKkTupOBaHHBIN CUTHAIL. Puc. 4. OTKOppEKTUPOBAHHBIN CUTHAIL.

BeixogHoit curnan paccmarpuBaemeix [IK ananoroseii. Ero mosydaror
nyTeM KOMOMHHMpPOBAaHHS BXOJHOIO W M3MEHIEMOM [JOJIM 3aJIepKaHHOTrO
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CUTHAJIOB Ha JINHEWHOM 3BeHE (cxeMa BeiuuTaHus1). OueBUIHON OCHOBOU CXEMBI
BBIYUTAHUSA  MOXET  CIY>XUTh  MOUIIHBIA  ONEPAUMOHHBIM  YCHUIIUTEIb.
TepMOCTOMKOCTh TOCHEAHETO HENOCTATOYHA Ui  MCIIOJb30BaHUSA B
CKBRXXMHHOM Tipubope, rae temmeparypa npesbimaer 150°C. Dto sBisercs
CYILIECTBEHHBIM HEIOCTATKOM M3BECTHBIX CIOCOOOB PETYJIMPOBKU BEIUYUHBI
IIPEABAPUTEIBHON KOPPEKLIUU.

C uenp0 YCTpaHEHMS YKa3aHHOTO HEJOCTaTKa B KAayeCTBE BXOJHOIO
curHaia [IK npemiaraercs ucrosib30BaTh IBOMYHBIE UMITYJIBCBI C YKOPOUECHHOMU
JUTUTEIIBHOCTBIO. 310 IIO3BOJISIET dbopmupoBaTh 3a71ep>KaHHbIC
KOPPEKTUPYIOIIUE HUMITYJIbChl 0€3 BPEMEHHOTO TEPEKPHITUS C BXOJHBIMU
UMIyJIbCaMH. i  BBINOJIHEHWsS  ONEpallMM  BBIYUTAHWUS  BXOJHBIE W
Pa3HOMOJSIPHBIE C HUMHU 3aJCp>KaHHBIE HMMITYJIbChl MOCHUIAIOTCS B KaOelb
oo4yepeaHo. B 3TOM ciiydyae OCHOBOWM CXE€Mbl BBIYMTAHHUS MOXKET CIYKHUTh
KJIFOUEeBOM (hOpMUPOBATEIh, UMEIOIIUA MPOCTYIO0 PeaM3alnio U 00JIadaromuii
BBICOKOW TEPMOCTOMKOCTBhIO. B kuiie kabenss uMIyIbChl  (UIBTPYIOTCS,
MEPEKPBHIBAIOTCS MO BPEMEHHM, B PE3YJbTATE YETrO MPOUCXOJIUT HUX KEIAeMOE
KOMOMHUpOBaHUE. MeHssl WUPHUHY 33JeP>KAaHHOTO HMITYJIbCa, MEHSIOT €ro
DHEPIUI0, TEM CAMBIM PEryJIUPYIOT CTENEHb KOPPEKLMH BBIXOIHOIO CUTHAJIA.

Ha puc. 5 npuBeneHa onna u3 Bo3MOXHbBIX cxeM [IK peanusyromiero
npeajiaraeMblii CIIoco0 peryjaupoBaHus IpHU Tepefade AaHHbIX B Kojge NRZ.
Bpemennsie quarpammel padoTsi [1IK nmpuBenenst Ha puc. 6.
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Puc. 5. Cxema IIK mist koma NRZ Puc. 6. Bpemennsle auarpaMmbl pabOTHI.
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Cxema npennaraemoro I[IK momoOna cxeme KUX ¢unbrpa, B KOTOpOit
YCWINTENb C  peryaupyeMbiM  Kod(DPUIMEeHTOM  mepenayd  3aMeHeH
OJTHOBHOpATOpOM 3 C PpEryjJupyeMoil JIUTENbHOCTHIO HMITYJIbCA. DJIEMEHT
3aJIEPKKU 2 TaK)Ke MOXKET ObITh 0JJHOBHOpaTopoM. Cxema BhIUUTAHUS | MOXKET
OBITH BBITIOJIHEHA B BUJE (POPMUPOBATENSI PA3HOIIOJISIPHBIX UMITYJILCOB HA JIBYX
KJIF0YaxX, KOTOpBIE 3alUTaHbl OT MCTOYHUKOB TOKa C IPOTHUBOIOJIONKHOM
HOJIAPHOCTBIO U HArPY>KEHbI HA OOLIYI0 HAIPY3KY - JIMHUIO CBA3U.

Ha Bxox IIK mocrymaer cnoBo nanebix: 01011 B Buae yKopodeHHBIX
UMITYJIbCOB (puC. 60). [ImuTenbHOCTh BXOJHBIX UMITYyJILCOB (puc. 60) paBHa
[OJIOBUHE  JJUTENBHOCTH TAKTOBOTO HHTEpPBajia, TIPAaHUIBI  KOTOPOTO
0003HauYeHbI Ha pUc. 6a. DIEMEHT 3aJeP>KKH 2 3ayCcKaeTcsl OT PPOHTA BXOIHBIX
UMITYJILCOB (puc. 60) 1 popMHUpPYyET HA CBOEM BBIXOJI€ PACIIUPEHHBIC UMITYJIHCHI
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(puc. 6B). OT 3aHEr0 PPOHTA PACHIMPEHHBIX UMITYJICOB (PUC. 6B) 3aMlyCKAETCA
dbopmupoBaTenb 3, BbIpaOaTHIBAIOIIMN HMIYJIbChl (pUC. Or), 3aAep>KaHHBIC
OTHOCHUTEJIbHO BXOJHBIX UMITYJILCOB (puc. 60) Ha BpeMs BeIUYUHON OoKkoyio T/2.
Bxonubie wummynbebl (puc. 60) u  3amepkaHHbIE UMIYJIbCHl (puc. Or)
MOOYEPETHO MOCTYIAIOT Ha MPOTUBOIIOJIOKHBIE BXOJbI CXeMbI BhlunuTanus 1. B
pesynbTate  Ha  Bbixome  IIK  Qopmupyercss  Tpex  ypOBHEBBIU
CKOPPEKTHUPOBAHHBIN cUTHAI (puUC. 611).

Ha puc. 7, 8 mpuBeneHbl CHUTHaJIBI Ha BBIXOJE KOPOTKOTO Kadems C
XapaKTepUCTUKOM, n300pakeHHOM Ha puc. 2. B mepBom ciydae (puc. 7) Ha BXOA
kabens nmogaetcst curHai: 0101100... B kome NRZ. Bo BTopom cnydae (puc. 8),
curHan ¢ Beixoga IIK (puc. 6x). CpaBHeHue Mexay coOOH CHTHAJIOB
U300paKeHHBIX Ha puc. 7 W puc. 8 TmoKaszbiBaeT 3(PPexT npuMeHeHUs
npeajaraeMoro crnocoda. BUIHO, 4TO B OTKOPPEKTUPOBAHHOM CHUTHAJIE, IpPH
BenM4YMHE Ko3(pduuuenta koppekiuu, a=0.6, MNpaKTUYECKH OTCYTCTBYIOT
MEXCUMBOJIbHBIE HUCKaXeHUs. HUKHUE 4acTOThI CHEKTpa CUTHaja B yKeJaeMou
Mepe MOJABJICHbl, & BEPXHUE YaCTOThbl YCWJIEHBI. 3aMETHO, YTO Ha OTpE3Ke
CUTHAJIa  PACMOJOKEHHOTO0  MEXIY JBYMS CAUHUYHBIMU  UMITYJIbCAMU
NPOSBIISIETCSI TAaKTOBasi KOMIIOHEHTA, YTO SBISIETCA TOJE3HBIM CBOMCTBOM
CUTHAJIa TPUMEHUTEIBHO K ACHHXPOHHBIM CUCTEMAaM CBSI3U.
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Puc. 7. He KOppeKTUpOBaHHBIN CUTHAI. Puc. 8. OTKOppeKTUPOBAaHHBIN CUTHAIL.

Ilepenaua nanHbIXx B Koje NRZ B COBpEMEHHON CKBAXKMHHOW amImaparype
UCIIOJIb3YETCS PEJIKO, MMOCKOJIBKY JUIsl 3TOro TpeOyeTcsl OT/iebHas Kuja Kades.
lopa3zno wyame pganHbie mnepeaatoT B OamancHoM koae AMI(HDB3)
MO3BOJISIIOIIEM COBMEINIATh KUJIbl KaHalla CBS3M C IEMSMHU MUTaHUS mpudopa.
[TosToMy mnpeaBapuTelibHAS KOPPEKIMA JIMHEWHOro curHaia B koje AMI
IpeICTaBIsAET OOJBIION MPAaKTUUYECKUI HHTEpEC.

Ha puc. 9 npuBeneHo yCTpoWCTBO, TZI€ PEAIM30BaH OJAWH U3 BO3MOMKHBIX
BApUAHTOB MCIOJIb30BaHUSl IMpeajiaraeMoro crnocoba s (HOpMUPOBAHUS
OTKOPPEKTUPOBAHHOTO curHana B koje AMI. Bpemennsie auarpamMmMbl paboThI
yCTpoOCTBa MpuBeAeHBI Ha puc. 10.

YerpoiictBo (puc.9) comepKUT IJIEMEHT 3aJepKKu 4, OJHOBHOpATOp C
VU3MEHSIEMOW JUIMTEIBHOCTBIO MMIyJbca S5, tpurrep 6, kmoun 7,8,9,10, nBe
cxemsl MJIN 11,12, u BeixonHOHM (hopmupoBaresp 13, BEINOJHAIOMNNA (QYyHKINIO
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CXEMbl BbIYMTaHMs. B kauecTBe 3neMeHTa 3aJIepKKU 4 MOXKET HUCHOJIb30BaThCS
OJIHOBUOpaTOp, a B KaudectBe kimoued 7,8,9,10 - snementsl 2U. BoixomHoit
dbopmupoBaTenb 13 MOXKeT OBITh BBITIOJIHEH Ha JABYX KJIFOUYEBBIX TPAH3UCTOPAX,
Harpy>keHHbIX Ha BCTPEYHO BKJIIOUYCHHBIC IMEPBUYHBIE OOMOTKH BBIXOJIHOTO
TpaHncpopmaropa.

Bx.

T

Puc. 9. Cxema IIK mig xoma AMI. Puc. 10. Bpemennsie quarpamMmsl paObOTHI.

[Ipu noctynieHuy eIMHUYHOTO uMITysbca (puc.10a) Bo BXOAHBIX AAHHBIX
3aMyCKaeTcsl AJEMEHT 3aJIepKKu 4, oT 3aJHero ¢GpoHTa MMIYJIbCa C BBIXOJA
aneMeHTa 3aiepxkku 4 (puc.100), 3amyckaercss OJHOBHOpATOp S5, Ha BBIXOJC
KOTOpPOTO B TpaHMIIAX TakToBOoro wuHTepBaia (puc.10m) BwipabaThIBaeTCS
COOTBETCTBYIOIIMIA €My KOppeKTupyromuii umnyibsc (puc.10B). Tak obpaszyercs
napa UMITyJIbCOB IOUIEKAIINX NIEpeaye.

Bxonpl ynpaBneHuss kiro4ya 7, KOMMYTHUPYIOIIETO BXOJHBIE HMITYJIbCHI
(puc.10a) m xmoya 9, KOMMYTUPYIOUIETO KOPPEKTUPYIOUIUME HMMITYJIbChI
(puc.10B) oObenuHEHBI MEXAY COOOHM, a MX BBIXOJbI CBSI3aHBI UYEpPE3 CXEMBI
WMJIA 11, 12 ¢ npoTHUBOMNOJOXHBIMU MO 3HaKy(+1,-1) BxomaMu BBIXOZHOIO
dopmupoBatrenss 13. AHanoruyHbIM 00pa3oM OpPraHMW30BAaHO YIIPABIEHUE U
MMPOXOXKJICHUE YKa3aHHbIX CHUTHaIOB B Kirodax &8,10. Tem campiMm B pamkax
KOHKPETHOTO  TaKTOBOIO  MHTEpBajia  OOecrne4yuBaeTcs OJHO3HA4YHas -
MPOTHUBOIIOIOKHAS HOJIAPHOCTh MEXAY  BXOJHBIM (puc.10a) u
COOTBETCTBYIOILIUM €MY KOPPEKTHUPYIOIUM UMITyIbcoM(puc.10B).

Tpurrep 6 U3MeHsIET CBOE COCTOSIHUE HA TPAaHUIIE TAKTOBOIO WHTEpBAJIA
(puc.10n) npu MOCTYIJIEHUHM OYEPEAHOrO0 EIWHUYHOTO BXOJHOTO OwuTa
(puc.10a). CBoMMU BBIXOJHBIMU CUTHAJIAMHU C MPSIMOTO M MHBEPCHOTO BBIXOJ/IOB
OH ympaBisieT paboroit kmouedt 7,8,9,10, moodepenHo HampaBisis Mapy
uMItyJabcoB yepe3 cxembl MJIM 11, 12 Ha Te, WM HHBIE BXOAbI BBIXOJHOTO
dbopmupoBarens 13. B pesynpraTe Ha BhIxoae hopmuponarens 13 obpasyercs
OTKOPPEKTUPOBAHHBI 3-X YPOBHEBBIM CHTHAJl COJAEPXKAIIMKA HMITYJIbChl C
yepeyrouIeiicss NOJIIPHOCTBIO Map UMIyJibcoB (puc.10r).

Ha puc. 11 u puc. 12 nokazansl curHanel B koae AMI nonydenHsle Ha
BBIXO/I€ OTpe3Ka Kabes C yBeIMYEHHOU 10 3-X KM JJIMHOM.

Hannsie nepenatorcst co ckopoctbio 500xbon, koadduimenT koppexkuumu,
a=0,7. BuaHo, 4TO UCNOJIb30BaHUE MPEAJIAraeMoro crnoco0a rmo3BoJsieT XOpOUIo
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BBIPOBHATH (POpMY CHUTHalIa B JHMHUM. B cHnekrpe OTKOPpPEKTHPOBAHHOTO
CUTHAJIa 3aMETHO BBIPOCIIA JOJIS MOJIE3HBIX BHICOKOYACTOTHBIX COCTABJISIOIINX.
[ToHsATHO, YTO MpHU AAJBHEWUIIEM PAcCHpPOCTPAHEHUH MO KAOEI0 CHUTHAl BHOBb
UCKa3UTCA, HO BOCCTAHOBUTH €ro (opmMy B IpUEMHHUKE Temepb OyneT
3HAYUTEIBHO JIETYe.

VB V B
03 0,3

A
S A

-0,3 4 8 12 16 tmKc -0,3 4 8 12 16 tmKke
Puc. 11. He koppeKkTHpOBaHHBIN CUTHAI. Puc. 12. OTKOppeKTHpOBaHHBIN CUTHAI.

JlaHHBIM IpHUMEp IIOKa3bIBAE€T, YTO MCIIOJIb30BAHUE MPEIIOKEHHOTO
croco0a KOPPEKIMU JTOCTUTAETCS MPU HE3HAUYUTETHLHOM YCIOKHEHHH CXEMBI
kozepa AMI. BaxxHo oTMETUTh TOT (DAKT, YTO U3MEHEHUSI HE KOCHYJIUCH CXEMBI
dbopmupoBaTess pa3HOMOJISIPHBIX UMITYJIbCOB, CIEI0BATENHLHO, TEPMOCTOMKOCTD
KOJIepa HE ITIOHU3UJIIACH.

AHaJOrMYHBIM 00pa30M ypaBHUBAIOIIKME HMITYJIbChl MOXHO BCTaBUTh B
CUTHAJ C aMIUIMTYJIHOW MaHUITyJsiLUuel, coaepxkamuii 4,5, u T. A. ypoBHeil. B
pe3yJibTaTe CUTHaM B JMHUU MPUOOPETET KETAEMOE KauecTBO.
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