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SmartLF Kak MHCTPYMEHT ANnA MOLLHOro U ctabuabHoro

YMEHbLUEHUA HCKBH(EFIPIM HU3KOYACTOTHOIo CMrHana
Xunb OnuspaH, Hukona Tanbe, Sercel

PacwupeHue duana3oHa celicMu4ecko20 Ccu2HaAa 8 CMOPOHY HU3KUX 4acmom cmaso
noymu cmaHOapmom 018 subpocelicMu4yeckux npoekmos, 671a200apa npeumyuecmasam,
Komopbie oHo obecre4yusaem ¢ MOYKU 3peHUA BEPMUKANbHO20 pa3peweHus, pacnpocmpa-
HeHUA CU2HaAa, UHBepcuU uau npocmomel uHmepnpemayuu. OGHAKO usayvyeHuUe cu2Hana 8
amol Hosol HU3KOYaCcMomMHoU Yacmu cnekmpa C8A3AHO C YPOBHAMU UCKAXeHUU, Komopble
3HAYUMesnbHO 8blWE, YEM 8 Cr1yYae cueHana ¢ 0bbIYHOU wupuHoU rnoaocs! pa3eepmeu, us-3a
KOHCMpYyKyuu celicMmuyeckux eubpamopos Ha 0cHoBe 2udpasnuYecKux npueodos. B nocneod-
Hue 2006l bbl/10 NPEOOHEHO HECKONbKO peuwleHUl 018 npedomsepaujeHus 803HUKHOBEHUSA
MAaKUX UCKaxteHul, HO Ux peanu3ayusa Ha Mecmax 00 Cux rnop ocmaemcsA 8ecema 3ampyoHu-
meneHol nubo u3-3a oepaHu4eHHol agpekmusHocmu yHKYUOHUPOBAHUA, nubo uU3-3a
nameHmMOoBAHHbIX MEXHO102ull, KOMOopble KOMMepP4YecKu HedocmynHsl 049 mpembux cmo-
POH. B daHHOoU cmamee npedcmasseH HoBbil Mo0X00 K CHUXEHUIO HU3KOYACMOMHbIX UCKA-
weHull. 3mo peweHue, npedcmasaarouee coboli npo2pamMmHbIl nakem, uHMe2puUpPo8aH-
HbIl 8 camMy 371EKMPOHUKY 8ubpamopos, 00CMamoYHO NPOCMOoe 8 peasau3ayuu U ucnonsL3o-
s8aHuu npu celicmu4veckux pabomax. llonesble ucnbIMaHuUs, NPo8eodeHHbIe C PA3AUYHbIMU
subpamopamu Ha pasauYHeLIX Yy4acmMKax MecmHocmu, 8 mom 4ucae U Ha meppumopuu

Poccutlickoli ®edepayuu, moomeepounu aghghekmusHOCMb 3Mo2o HO8020 100X004a.

BeepeHue

MosasneHue TexHonornin HY-subpoceric
BblNI0 CBA3AHO C NOABNEHUMEM AECATb NeT
Ha3a/, HM3Ko4acToTHbIX (low-dwell) cBunos
(Bagaini 2007, Sallas 2010), KoTopble ocCTa-
IOTCA €OUHCTBEHHbIM TUMAMWU Pa3BEPTKY,
NO3BONAIWNMN OCYLLECTBAATL TOYHbIN
KoHTponb cnekrtpa (Tellier 2019). BbixogHasn
MOWHOCTbL BMBpaTOpa CHMIKAeTCA Ha
HU3KMX 4acToTax, YTobbl COOTBETCTBOBATH
MEXaHUYEeCKUM W TMAPaBANYECKMM Orpa-
HUYeHuam Bubpatopa, u obecneynsaer
MWHMMANbHO BO3MOXHYIO ANUTENbHOCTb
HMU3KOYACTOTHOrO KOHyca. eHepupyembiii
HWU3KOYACTOTHbIN CEMCMUYECKUN CUTHAnN
MMEEeT MEeHbLUYH aMNIUTYAY, YeM «Tpaanu-
LMOHHbIe» Hbonee BbICOKUE 4aCTOTbl W
accoummpyetca c 6onee BbICOKMMM UCKaXKe-
HUAMM M3-33 OrpaHUYeHUn cucTtem Bubpa-
TOpa.

3TO HU3KOYACTOTHOE UCKAXKEHWNE, Kpome
TOro, NJIOX0 YCTPAHAETCA M NpeacTaBaser
cobo cepbe3Hblii UCTOYHUK Wyma Ha
cecMMYecKnx 3anumcax. boinm npeanoxe-
Hbl Pas/iMyHble MeToAbl ANS YCTPaHeHus

9TOr0 rapMOHWMYECKOro 3arpA3HeHuA BO
Bpema obpaboTku (Hanpumep, Meunier
2002) ¥ npeoaoneHuAa orpaHUYeHUA B
NMPOM3BOANTENIBHOCTM BUMOPATOPOB, KOTO-
poe CBA3AHO C 3arpA3HeHnem rapmoHu4yec-
KUM LIYMOM [aHHbIX NPU NepeKkpbITUm
3anuceir. Tem He meHee, NO-NpexHemy
ocTaeTcA npeanoyTUTeNbHbIM M3beratb
reHepauuMmn 3TUX UCKaXKeHUW Henocpe-
ACTBEHHO B Mone, NOCKO/IbKY Cercmuyec-
Kue 3anucy 1 Tak CcTaHOBATCA Bce Bonee u
6onee 3aWyMAEHHbIMU C YYETOM TEKYLLEN
OTpacneBOW TEHAEHUUU MPUMEHEHMUA
BbICOKONPOW3BOAUTENIbHbIX METOL0B
Bubpoceiic (cBobogHbI BUbpaTop 1 T.4.) U
YMEHbLEHHbIX TPYNnUMPOBaHUA WUCTOYHM-
KOB M NMPUEMHWUKOB, WA NPUMEHEHMUA
OAVHOYHOTO0 MCTOYHWKA, OAUHOYHOTO
AaTymKa.

O rapMOHUYECKUX HENNHENHbIX UCKa-
HEeHUAX

leHepauna CeMCMMYECKOro CurHana c
nomoLLbio BUBpaTopoB CBA3aHa C rapMOHM-
YECKMMM UCKAXKEHUAMM, KOTOpble 0BbI4HO
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Pa3INyatoT Ha:

- YeTHble rapMOHUKM, KOTOPbIE B OCHOB-
HOM 06ycnoBneHbl pacnpocTpaHeHnem
BO/IHbI B NPUMNOBEPXHOCTHOM C/i0e. ITu
rAapMOHMKWU CBA3aHbl C U3MEHEHUEM CKO-
POCTU pacnpocTpaHeHUa BOMH BO Bpemsa
UMKNA CHATUA-OEKOMNPECCUM U B OCHOB-
HOM CBA3aHbl C MOBEPXHOCTHbIM CNOEM
3emMaun.

- HeyeTHble rapMOHUKK, KOTOpbIE NPOUC-
X04AT rnasHbim obpazom ot camoro Bubpa-
TOPa U 3aBUCAT OT KOHCTPYKLUMK BO3byauTe-
NA, ero M30NAuMKM OT TPAHCMOPTHOrO cpe-
ACTBA WM WACCKU, a TaKXKe NpaBUNbHbIX
HacTpoeK rMApaBANKN U TEXHWUYECKOro
obcnykuBaHuA.

CTOUT NOMHWTb, YTO B OTANYME OT Ppasbl U
amMnNAnUTYyAbl, KOTOpble ABNAIOTCA Npeame-
TOM KOHTpons Kayectsa (QC) cecmmyecko-
rO CUrHaNa, UCKaXKeHne ABNAETCA IMaBHbIM
obpasom npegmetrom QC obopynoBaHus.
Bonee BbICOKMI ypOBEHb WUCKaXKEHW Ha
O4HOM KOHKpeTHOM B1bpaTope no cpaBHe-
HUIO C APYrMMM CUTHANU3UPYET O Heuc-
NPaBHOCTM 3TOM YCTAaHOBKM, YTO noTpebyeT
nnbo perynmposku, nMbo pemoHTa, B TO
BPEeMA KaK BbICOKUA YPOBEHb WCKAXKEeHWUM
Ha BCex BMOpaTOpax XOpoLo Koppennpyer
c 3ddeKTom, CBA3AHHbLIM C penbedpom
MECTHOCTH.

CpaBHeHue ypOBHEW UCKAXKEHWN, nony-
YEHHbIX PAa3IMYHbIMU MOAENAMMU INEK-
TPOHWKM BUOPATOPOB HEYMECTHO, NOCKONb-
Ky MOryT UCMO/Ib30BaTbCA Pa3Hble MeToAbl
pacyeTa. Hanpumep, makcumanbHas
yacTtoTa, BblbpaHHAA ANA BblYUCNEHMA
NCKaXKeHUI, MOXKET 0T/INYaTLCA (M 0ObIYHO
He HacTpauBaeTca MO/Nb30BaTeNAMU), U
BbIYMCIEHNE WUCKAXKEHUW MOXKET OCHOBbI-
BATbCA TO/NIbKO HAa raPMOHMKAX UM Ha BCex
CUrHanax, Kpome OCHOBHOro (nocnegHwi
BK/IOYAET Kak cybrapmoHuuyeckue, Tak v
BHYTPMIapMOHMUYECKUE LWYMbl).

CnepyeT OTMETUTb, YTO NONOXKEHUE
aKceNepomMeTpoB TaKKe UmeeT nepsocTe-

NeHHoe 3HayeHue ANA NPaBUAbHOTO
BbluncneHunsa napametpos QC (cuna, pasam
MCKaXKeHMeE) Ha BbICOKMX YacToTax pasBsep-
TKWU. AKCenepomeTp, PacnofOKEeHHbI Ha
BepxHeu yacTn Bo3byautena byget obecne-
4ymBaTb, NO-BUAMMOMY, NMPEBOCXOAHOE
3Ha4yeHune napametpos QC, HO 3TO He byaeT
OTpaKaTb UCTUHHOrO Ka4yecTsBa U3ny4aemo-
ro B HeApa cMrHana (ana ero oLEeHKMU noTpe-
ByeTca cneumnanbHbii CTEHA, UM NpoBeae-
Hue BCIM). U HaobopoT, akcenepomeTtp,
PacnonoXeHHbIh Ha ONOPHOW NAuTe,
obecneymBaeT ropasao 6onee npeacraBu-
TenbHoe 3HavyeHne QC n3ny4yaemoro curHa-
na. fJocrtosepHocTb napameTtpos QC Bcerga
MOXeT BbITb yy4LleHa 3a CHET UCMONb30Ba-
HUA HECKO/NIbKUX aKCenepomeTpoB Ha
ONTMMU3MPOBAHHBIX MeCcTax ONOPHOM
nantel (Boucard 2010, Tellier 2015).

UcKaxkeHusa npu HY-Bubpoceiic

B cuny camoit csoei npmupoabl cemcmm-
yeckme Bubpartopbl ectecTBeHHbIMm obpa-
30M MPOU3BOAAT YPOBHU FapMOHUYECKUX
WUCKa)eHWW, KOTopble Bbile Ha HU3KUX
yactoTax (06bl4HO HUXe 5-10 My, B 3aBUCK-
MOCTW OT BblBpaHHOM pa3BepTKHn n Bubpa-
Topa), yem B ObBbLIYHOM Monoce yacrtoT
pa3BepTKK. ITO CTano 0CO6EHHO 3aMeTHO C
TEX Nop, Kak Bblv NPUMEHEHbI HU3KOYaC-
ToTHble (low-dweell) cBunbl. 3TO0 HM3KOYacC-
TOTHOE WCKa)KeHMe MMeeT MCTOYHUKOM
rnasHbim 0bpasom cneaytouwme apdekTol:

- HennHenHocTb BubBpaTopa Ha HU3KMX
yactoTax (QYyHKUMA KBaApaTHOrO KOPHA
MEXAY NOTOKOM Macsia U r’MAPaBANYECKUM
AaBneHuem);

- MepeKpbITUE cepBOKNAaNaHa Ha HU3KMUX
yacToTax (KpaTKoOBpeMeHHOe U pe3Koe
nageHue rmapas/MyYecKoro AasBneHus,
KOraa CepBOK/ianaH MpPOXOAWUT CBOe HeW-
TpanbHOE NONOXKEHUNE);

- HeanHenHble MexaHM4YecKkue CBOMCTBa
KOHTaKTa «OMOpHaA NauTa — FPYHT» U
nepemeHHas niowanb KOHTaKTa B TeyeHue
umnkna (Sallas, 1984);
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- KonebaHusa rugpasanyeckoro gasne-
HUSA (XOTA OHU 1 BbIIN 3HAYMTENBHO CMATYE-
Hbl Ha COBPeMeHHbIX BUbpaTopax ¢ ruapo-
aKKYMyNATOPaMM, YCTAHOBJ/IEHHbIMU KaK
MOHO BMKe K cepBOKNaNaHy);

- Pe3oHaHCHaA 4actoTa MHEBMOMOAY-
WeK, u3onunpyrLmnx Bo3bygutens koneba-
HW1 OT TPAHCMOPTHOIO CPeACTBa UM LAcCH
(06bl4HO ~2 Tu);

- TpeHue 1 M3HoC.

CyuiecTBylowme peweHus no cmarye-
HUIO NOCNEeACTBUN

B nocnegHue roabl 66110 BHEApPEHO
HECKO/IbKO METO/10B YMEHbLUEHUS UCKaXKe-
HUI Ha HU3KUX YaCTOTax NpU reHepauum
pa3BepTKu:

* B anekTpoHuKe BubpaTopa VE Henu-
HeMHOCTb BUbpaTopa Ha HU3KKMX YacToTax (T.
e. OYyHKUMA KBaApaTHOrO KOPHA Mexay
NOTOKOM Mac/a v ruapaB/iMyeckum aasne-
HMem) Bblna yyTeHa U MHTEerpupoBaHa B
mogenb Bubpatopa, HauuHas ¢ VE416,
BbinyweHHoro B 1988 rogy (Ollivrin 2008).
YT06bl COOTBETCTBOBATb OMUAAHUAM
oTpacnn ans Bce bonee HU3KMX YacToT
(<5MU), AONONHUTENbHbIM YAYYLIEHUEM
cTan 6onee TOYHbIN KOHTPOAb YCUNEHUA U
dasbl HU3KMxvactort (Tellier 2014).

* B ocHose VibPro HDR (Phillips 2010)
NeXUT NONbITKa KOMMNEHCUPOBATb Henu-
HEWHOCTb rMAPaBAMYECKON CUCTEMbI M
nepekpbITUE CepBO KAanaHa, BNpoyYem, oHa
6blna nNpeanpuHATa He cneuuManbHO ANS
HW3KOYaACTOTHOM YacTU curHana. Bce rapmo-
HWUKM YMEHbLLEHbl, KpOMe BTOPOM, KOoTopas
TeM He MeHee YCUIUBAETCA B COOTBETCTBUM
C AOKyMeHTauuen, onybaAnMKOBaHHOM
npoussogutenem (PUCyHOK 1).

* CleanSweep (Castor 2014) - 3akntoyaert-
cA B A0BaBAEHUM CUTHANA aHTU - UCKaXKe-
HMA K nunoTy pa3sepTtku (180° daszosoro
CABUra MCKaXKeHWA), pacCcyMTaHHOro no
curHany Cunbl (Ground Force). MpuHumn
noaobeH Tomy, KOTOPbI UCNOAb3yeTcA ANA
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Puc. 1. CpasHeHue napamempa Cunel (Ground
Force) ¢ sKkntoueHHoU U 8blKAOYEHHOU
onuyueil HDR Technology Ha HU3Kux
yacmomax om 1 do 21 ly.

a) TexHono2usa HDR sbikatoueHa.

b) TexHonozusa HDR sknawoyeHa.

U3 bpowitopsl npouzsodumens.

wymonoaasneHUA B HayWHWKaAxX. 3To
peleHne NoaaepKMBaeTCA 3NEKTPOHUKOM
VE464 B cuny TpeboBaHus bbicTporo cepso-
ynpaeneHus, cnocobHOro TOYHO cneaoBaThb
H6onee cnoxxHOMy NUNOTY, NpeaOTBpPaLLAIO-
wemy uckarkeHune. TexHonorma CleanSweep
npesocxoaHo obecneymBaeT yCTPaHEHMWe
MCKaXKeHUW Ha HU3KMX YacToTax, M y4yuTbl-
BaeT BCe YPOBHM rapMOHMUYECKOro Lyma
(PncyHoOK 2).
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Puc. 2. 1,5-100 'y, 20 ¢, subpamop 60 000
¢hyHmos (okosno 27 000 kz), 6es (ceepxy)

u ¢ (cHusy) CleanSweep.

U3 bpowtopsi npoussodumens.

HoBblii NOAX0A, K CHMXEHUIO UCKaKe-
HUiA Ha HU3KO YacToTe

B HoBOM nopxoae K npeofoneHuto
OrpaHMYeHMn Npeaplaywmx peleHn no
CHUXEHUIO HU3KOYACTOTHBIX MUCKaXKeHUM ¢
NOMOLLLbIO HAAEXKHOIO, MOLLHOTO M NPOCTO-
ro MHCTPYMeHTa b6bina ynydleHa moaens
BubpaTopa, 4Tobbl NAy4ylwe y4uTbiBaTb
Pa3NNYHbIE UCTOYHMKM HU3KOYACTOTHbIX
MCKaXKeHMI, yNOMAHYTbIE BbILLe.

Ha ocHoBe 3TOM ycOoBEepLUEHCTBOBAHHOW
MOAeNn cepBoynpaBieHWe cnocobHo
npeacKasbiBaTb HU3KOYACTOTHbIE MCKaXKe-
HUWA: BXOAHOW CUrHa/A CEPBOK/IanaHa cooT-
BETCTBEHHO MOAUOUUUPYETCA, U reHepa-
UMsA TapMOHMK MCKAo4YaeTcAa. Pabouwni
MUNOTHbIA CUTHAN OCTAaETCA HEUM3MEHHbIM:
31eKTPOHMKa BubOpaTopa moaenuvpyer,
npeasuanT U KOPPEKTUPYeT BHYTpPeHHee
noseaeHue cuctembl BubpaTopa Tak, 4tobbl
rapaHTUPOBAHHO YAEP!KUBATb BEIUYUHY
YCUNUA HA TPYHT KaK MOXHO b6auKe K
enaemomy nuaoTy. 3To NPUBOAUT K

3HAUYMTEIbHOMY CHUMKEHUIO UCKAXKEHWUI Ha
HU3KMX YacToTax. OBLWMIA CUTHAN YCUAUA Ha
FPYHT Ha HU3KKUX YacToTax bonee 4UCTbIN,
BCE PAHIX rapMOHMK YMeHblUeHbl, U 6onb-
lIAA 4acTb HM3KOYACTOTHbIX, HUXKe 15 lu,
UCKaXKeHWi ycTpaHeHa (Puc.3). Hagex-
HOCTb CepBOYNpPaBAEHUA COXPAHAETCA, TO
€CTb HE NPOMCXOANT HUKAKUX KOMMPOMMUC-
coB Nno $a3e n OCHOBHbIM XapaKTepUCTUKam
curHana (Puc.4). MNMockonbKy pabouni
NMUNOTHbIA CUFHaN OCTAETCA HEeU3MEHHbIM
ANns Bcex BMOpaTopoB, AN KOPPEenauuoH-
HOro npouecca MoxeT BbiTb MCNONb30BaH

Puc. 3. Pe3ysibmamel UsmepeHus
HU3KOYaCMOMHbIX UCKaMeHul 0na
Huszkoyacmom#oezo ceuna (low-dwell) 2-96 Iy,
80% 12c, Nomad 65 Neo, nawHA:
(a) SmartLF eblKkatoYeH,

(b) SmartLF exntouyeH.
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NomadéS Neo & VE464 : RellForce 2-96Hz

— Smartl F OFF
SemartlF ON
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Puc. 4. CpasHeHue mMe0y 8bIKAOYEHHbIM
SmartLF (cuHAA AUHUA) U BKAOYEHHbIM
(3eneHas AUHUA) NOKa3bieaem, Ymo
peweHue He oKassigeaem snuaHuUe

Ha ycunue Ha 2pyHm (esepxy)

u ¢hasy (sHu3y) cueHana subpayuu.

OAMH MWUNOT, YTO CHMUXKAET CNOKHOCTb U
BEPOATHOCTb OWNOOK, CBA3AHHbIX C Bblae-
NeHHbIMKW BUBpaTopam NnunoTamm.

370 peweHue, HasbiBaemoe SmartlLF,
BCTPOEHO B 3/1EKTPOHUKY BubpaTopa
VE464, He TpebyeT moandukaumnm snbparo-
POB UMW AOMNONHUTENbHbBIX MEXaHUYeCcKunx
KOMNOHEHTOB. Ero nerko HacTpouTb npw
3anycke naptuu 6e3 npepsapuTeNbHOrO
OMbITa MY JONONHUTENbHbBIX 3HAHWUIA.

HeckonbKko npoBefeHHbIX MONEeBbIX
MCNbITaHWMA NoKaszann 3GpPeKTUBHOCTL
peleHns Ha pa3nyHbIX TUNax BubparTo-
poB: ceepxTaxenbix (80 000 ¢pyHTOB, PUC.
5), Taxenbix (62 000 ¢yHTOB, PUC.3) u
nerkux (16 135 ¢yHTO8B, PUC. 6). Xopowee
KayecTBO HM3KOYACTOTHOW pa3BeEpPTKM
MOXKeT ObITb AOCTUTHYTO C NocaegHUMm
TUNOM, XOTA 3TU Nerkue BmbpaTopsl
CKOHCTPYMpOBaHbl Honblwe ANA BbICOKO-
4aCTOTHOrO BbIXOAHOro curHana (go 400
M4, B 3aBUCMMOCTM OT MECTHOCTK), Yem
ANA HWU3KOYACTOTHbIX XapaKTepPUCTUK
(4acToTa BbIXOAA CUTHANA HA MONHYIO
MOLLHOCTb 7 'y).
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Puc. 5. Low-Dwell 1,5-86 'y, 9 ¢, 75%.
Bubpamop 80 000 ¢pyHmos (Nomad 90 Neo),
bemoHHasa nodywka, I0OxHaa PpaHyus.

(a) SmartLF eobikntoueH, (b) SmartLF exkntoyeH.
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3aKno4yeHue

CHU)XXEeHMe BbICOKMX YPOBHEW MUCKae-
HWK, cBA3aHHbIX ¢ HY-BMbpoceiic, cTano
KNoueBoM 3aga4ein ana HePTAHbIX U ra3o-
BbIX KOMMaHUM. HyKHO nony4yaTb BbICOKO-
KayecTBeHHble Habopbl AaHHbLIX U YMEHb-
WaTb reHepaumio Wyma HenocpeacTBEHHO
B NOJIEBbLIX YCNOBMAX, TaK KaK 3anucw,
nosy4yeHHble C O0AHOBpPeMeHHO paboTato-
WMUMWN UCTOYHMKAMM U OAUHOYHBIMMU
BuUbpaTopamu M NpUeMHUKaAMM U Tak
cTaHOBATCA BCe bonee v 6onee WymMHbIMU.

Bblno pa3paboTaHO HOBOE peleHue,
WHTErpUpPOBaHHOE B 3/IEKTPOHMKY BUbpaTo-
pa, OCHOBAHHOE Ha HaAEeXHOW HWM3Ko4Yac-
TOTHOWM Moaenu BubpaTtopa, KoTopas /lyywe
YYUTbIBAET Pas3/INYHble UCTOYHWKU HU3KO-
YaCTOTHbIX MCKa)EHWKU; YCOBEPLIEHCTBO-
BaHHOE CepBOYyNpaB/ieHWe MOXKET 3apaHee
NpeAckasaTh UCKaXKeHe U NPeaoTBPaTUTb
ero reHepaumio, b6e3 usmeHeHua paboyero
NMUAOTa U C COXPaHEHMEM KayecTBa passep-
TKU.

MpennoXKeHHoOe pelleHue NIerko peanu-
30BaTb; OHO He TpebyeT HM KaAMBPOBKU, HU
OONONHUTENbHbBIX MEeXaHUYeCKUX KOMMOo-
HEHTOB, HW 0CODObIX HacTpoek BubpaTopa.
Ero ap¢peKTMBHOCTb Ha pa3nnyHbIX BUbpa-
Topax bbina AOKa3aHa B NONEBbLIX YCNOBUAX,
M HAa MOMEHT HanuCcaHWA CTaTbU BHEAPEHUE
peLweHns NPoA0/IKAETCA Ha KOMMEPYECKUX
NPOW3BOACTBEHHbIX NPOEKTaXx.

[anbHellee CHUKEHME UCKaKeHUa Ha
BCEX 4YacToTax pa3BepTKM noTpebyer
DONO/IHUTENIbHBIX MHHOBALMOHHbIX NOAXO-
0O0B U MOXeT BbiTb PacCMOTPEHO, ecnu
HedTerasoBble KOMMNaHUM NOATBEpPAAT
CBOK 3aMHTEpPEeCcoOBaHHOCTb B Heobxoawu-
MOCTM 3anNUCen, NoYTU HE UMEIOLLMX UCKa-
KEeHU.

bnarogapHocTu

ABTOpbl xoTenn 6bl nobnarogapuTb
Hukonaca loTta, MBaHa Toppeca u Konnek-
Tue Sercel B r. CeH-lopaHC 3a NoAAEPIKKY B

pa3paboTke U TeCTMPOBAHUU NpeACcTaBeH-
HOro pelleHusn, a TakKe pykoBoacTso Sercel
33 pa3speweHse Ha nybaMKauuw 3ToM
paboTbl.
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