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OB30P U AHAJIN3 MAIIIUH JJI1 BHECEHUWSA TBEPABIX
MWHEPAJIbHBIX YIOBPEHUI
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B. P. METPOBEL, a-p TexH. Hayk, npoteccop
H. V. AYOKO, kaHf. TexH. HayK, npodeccop
M. B. KOPOTKEBWY, maructpaHT
YO «benopycckas rocyaapcTBeHHas CeflbCKOX03AACTBEHHAA aKafeMus»,
"opkw, Pecnybnnka benapycb

YcnelwHoe BbINOHEHVE T0OCYAapCTBEHHOM MPOrpaMMbl BO3POXAEHMUA
1 pasBUTUSA Cena HepaspbIBHO CBA3aHO C NMPOGEMOI MOBbILLEHMS NIOA0PO-
Ans NoYB, 3pheKTUBHOIO NCMO/b30BaHUS 3eMefbHbIX PECYPCOB, HOBEMLLIMX
LOCTVDKEHWIA HAYKM U MPaKTUKK,

OCHOBOIA NOBBbILLEHMSI NOYBEHHOIO NIOAOPOAUS, HEMPEPLIBHOIO YBENU-
YEHMS| YPOXKAMHOCTM BCEX CE/IbCKOXO3SIMCTBEHHBIX KY/bTYp B HacTosiLee
BPEMS CTa/IM BCECTOPOHHSAA XMMU3ALMS N MeXaHU3aums CelbCKOXO3ANCT-
BEHHOr0 NMPOU3BOACTBA. HayKoii 1 NpakTVKol fokasaHo, 4To B Pecnybmke
Benapycb BHeceHue ya06peHunii obecrneumsaet 40 75 % npupocTa ypoxas.
Mpwn atom okoso 60 % nuTaTesNibHbIX BELLECTB BHOCUTCA B MOYBY C MUHE-
pafbHbIMU YA06peHnsaMy (TyKaMm). B TEXHONOrMUECKOW Lienu NpYMeHeHNs
YL0OPEHUiA NocefHM 3BEHOM SBSETCA UX BHECEHWE W 3afe/Ka B MOYBY.
[pn 3TOM OCHOBHBIMW MOKa3aTeNIAMM, XapaKTePU3YOLWMMU KavyecTBO Bbl-
NOJIHEHUA TEXHONOMMYECKOr0 MpoLecca, ABNAITCA: [403a BHECEHUSA, HepaBs-
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HOMEPHOCTb pacnpefeneHns, HecTabnnbHOCTbL [03bl, paboyas LWMprHa 3a-
XBaTa MaLLUHbI.

OCHOBHOV Onepaumeli, Ka4eCTBO BbIMO/IHEHNS KOTOPOA 3HAYMTE/IbHO
OTpaxaeTcs Ha 3PeKTMBHOCTM BHECEHUS YA0BPeHNiA, ABNSETCA pacnpese-
NeHve UX No NOBEPXHOCTU MOYBbI.

CornacHo faHHbIM PYTT «/IHCTUTYT NOYBOBEAEHMA U arpOXUMUN», 3()-
(heKTUBHOCTb TBEPABIX W XWUAKUX MUHEPAIbHbIX YA0OPEHWA HaxoauTcs B
NpsMONi 3aBUCUMOCTY OT NOKa3aTensi HePaBHOMEPHOCTW UX BHECEHMS, T. €.
CHWXEHWe HepaBHOMEPHOCTM BHeceHus yaobpeHuit Ha 1 % npuBoAMT K
YBE/IMYEHNIO NPUBaBKK YpoXKas 3a UX CUET Takxe Ha 1 % v Hao6opoT.

MokasaTenb HepaBHOMEPHOCTW pacnpefeneHns yaobpeHuii ceepx fo-
MYCTUMOr0 YPOBHS JOKEH PaccMaTpuBaTbCs He TOMbKO Kak MpuymHa He-
fobopa ypoxas CeflbCKOXO3ANCTBEHHbIX KyNbTyp, HO UM KakK MpuyuHa no-
Tepb camMmux YA06peHniA.

PacnpegenstoLime paboyve opraHbl MallvH 411 BHECEHWUS TBEPAbIX MU-
Hepa/ibHbIX YA0OPEHW YCNOBHO pa3genstoT Ha OGPOCKOBble MeTaTeny u
wTaHrosble. Cpefin BceX 6POCKOBbIX MeTaTeneil B HaCTOsLLee Bpems UC-
MoNb3YHTCA TONMBKO LEHTPOBEXHbIE AMCKOBble pasbpacbiBatenn. B napke
MallUVH AN BHECEHUS TBEPAbIX MUHEPaSbHbIX YA0OPEeHUIA B CEeNbCKOM XO-
3AICTBe Hallei CTpaHbl UX Aons cocTasnseT nouty 100 % [1].

PacnipegenstoLlye paboume opraHbl TakKUX MallWH NPeACTaBAAT coboit
OAMH WK ABa BpaLLAIOLLMXCS B FOPU3OHTaIbHOWM NIOCKOCTU AMCKA C No-
naTkamu. JUCKn MOryT 6bITb NIOCKUMU Y KOHYCHBIMW, OAHO- WU ABYXbS-
PYCHBIMKW, C Pa3/IM4HON (DOPMOI, KOIMYECTBOM JOMATOK, Peryampyembix
Kak Mo A/MHe, Tak W MO Yr/y Hak/IoHa UX K OCU BPALLEHWs 60 XEeCTKO
3aKpensieHHbIX Ha QWCKe.

MpyHUMN paboTbl 3TUX MalLWH B 6YKBAIbHOM CMbIC/E pa3bpacbiBaHue
yao6peHniAi. OHM 0b6ecneyvmBatoT «BHECEHNE» YAOOPEHWIA B 60MbLLOM AMa-
NasoHe 103, NMPOCTbl B KOHCTPYKTUBHOM UCMOSIHEHUW, HafieXHbl B paboTe,
MMEIOT HWM3KOE OTHOLLEHWME MacChbl K Macce 3arpyXaemblX YA0OPeHWi u
HU3KME 3aTPaThbl Ha TEXHNYECKOE 0BCNYXKMBaHNME.

OfHaKo LieHTPO6EXHbIE MALLMHbI MPaKTUYECKM He 06ecreunBatoT Tpe-
6yemoro KayecTsa pacnpefeneHus yoobpeHus ns-3a BIUSHUS Ha HepaBHO-
MEPHOCTb BHECEHWS MX MHOTOYWUCNEHHBIX CTOPOHHMX (HaKTOPOB, TaKWX,
Kak penbe) Nons, HanpaeneHne U cuna BeTpa, pasbpoc (CNekTp) pasmepos
yacTuL, Cbiny4ecTu yaobpeHuii [2].

Kpome Toro, B 3HaUUTe/IbHOM CTEMNEHW OKa3blBAET BNNAHME HA KaYeCTBO
BHeCeHUst yaobpeHuid LeHTPo6eXHbIMU pa3bpacbiBaTeNsiMM UCNPaBHOCTb
3HEpProcpescTsa B LEIOM M TMAPOCUCTEMbI €r0 B YaCTHOCTU, a TaKxe K
KBaM(MKaLMsA MexaHu3aTopa, UTO MOATBEPXKAAETCS MHOTrOUUC/EHHbIMM
ncnbiTaHuaMu [3]. CrefosatenbHo, 3Ty rpynny MaLlluH, ecav NoLXOAUTb
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CTPOro, Henb3s MpPU3HaTb MEepPCNeKTUBHLIMU A5 BHECEHUS MUHEPabHbIX
YA0OPEHUIA B YCNIOBMSIX HaLLEel pecnybmku.

Mpy paboTe LUTAHIOBLIX MALUMH MPaKTUYECKN UCKIOYAETCA BUSHWE
Ha Ka4yecTBO BHeCeHUs YA06PeHWi HepOBHOCTU pefbedha Nons, Hanpa.ne-
HWe 1 cuna BEeTpa, BbICOTA YCTaHOBKW LUTAHTU Haf MOBEPXHOCTbIO nons. B
OTANYME OT LEHTPOOEXHbIX pasbpacbiBaTenieli B LUTAHrOBbIX MalUMHaX
yaobpeHns, noctynaroume u3 Kysoa (6yHKepa), TpaHCMOPTMPYKOTCA B
MoMepeyHoOM K ABVKEHUIO arperara Harmpas/ieHUN B CrieLmanbHbIX KOXYXax
NpY NOMOLLYM LLIHEKOB, CKPEOKOBbIX, JIEHTOUHbIX TPAHCNOPTEPOB WX BO3-
JywHoro notoka. LLnprHa 3axBaTa LUTAHrOBbIX pacrpefenvTeneii MoXeT
[OCTUraTh 3HAYMTENbHBIX BE/IUYMH.

Hanbonee TUMNUYHLIM MpPeACTaBUTENIEM MHEBMATUYECKMX LUTAHIOBbIX
pacnpefenuTenein MmHepanbHbIX Yyao0bpeHuii ABnseTca cesnka CY-12
(puc. 1) ¢ wmpuHoii 3axBaTa 12 M, BbINOMHEHHas Ha 6a3e y3/M0B 3epHOBOVA
nHeBMaTu4eckoin cesinkn CMY-6 ¢ NHeBMATMYECKUM [AefleHWeM MOoTOoKa
(n3rotoBuTtenib — OAO «/1naarponpoMmMaLL).

OCHOBHOIA HegoCTaToK cesnkn CY-12, orpaHuuvBatoLLmii ee LUINPOKOE
MpUMeHeHWe, — 3TO BbICOKas TPebOBaTe/IbHOCTb K KauyecTBY BHOCMMbIX
yA00OpeHniA. Ya0o0bpeHust ¢ BAaXHOCTbIO, [aXe He3HauuTeNbHO MpeBbl-
LIAOLLei CTaHAAPTHYHO, HanvMnarT BHYTPU LO3MPOBOYHbLIX KaHAa/oB U B
MHEBMOTYKOMPOBOZAX, YTO MPUBOAMT K PE3KOMY YBE/MYEHWUKO HEepaBHO-
MEpPHOCTW. B peanbHbIX Xe YCM0BMAX NMOYTW BCEra BNaXHOCTb YA00peHWii
BblLLE CTAHAAPTHOM, TaK KaK OHW Yallle BCEro XpPaHATCS B HeHaLJeXalnx
ycnosusix. Kpome Toro, Ha HepaBHOMEPHOCTb BHECEHUA YA06peHUIA MaLn-
Hamu JaHHOro Tvna BAMSET A/IMHA NHEBMOTYKOMNPOBOLOB [4].

Puc. 1. MHeBMaTUYECKUIA LLITAHrOBbIV pacnpesenuTenb TBEPAbIX
MUHepaTbHbIX YaobpeHuii CY-12 (Benapychb)

C MexaHW4eckuM fefieHreM MnoToka paboTaeT MHeBMATUYECKWIA pac-
npegenutens mogenn DPS12 dmpmbl Nodegougis (puc. 2). AHanoruueH
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NpuHUMN paboTbl Uy MawwmnH JET801-12 dmpm «Amazone-Werke», Rauch,
Kongskilde cepun 4000, MLU-21,6 HMO «HUKTWMcenbxo3malu».

Puc. 2. MHeBMaTHYecKmiA pasbpacbiBaTelb MHepabHbIX yao06peHnii DPS12
tupmbl Nodegougis (PpaHLms)

B MalwmHax ¢ MeEXaHWYECKUM [efleHneM NOTOKa yA0OpeHuid Kopoye v
NpoLLe NHEBMOTPAHCMOPTHaA cucTeMa. B LienoM e MallnHbl AaHHOTo Tu-
na UMeT Te Xe HefJocTaTku, uto u ceanka CY-12 [4].

B cuny nepeuncneHHbIX HeJOCTaTKOB MHEBMATUYECKME LUTAHIOBble
pacnpegenuteny He NOAYYUN LUMPOKOTrO PacrnpocTpaHeHus. VIMeHHO no-
3TOMy BCe 60fblUee pacnpocTpaHeHWe B OTEYECTBEHHOW W 3apybexxKHoi
MpakTMKe MOMy4aloT LUHEKOBble LUTAHTOBble pacnpegensiolie pabouune
opraHbl.

OfHaKo BbICOKOTOYHOE BHECeHWe YA0OpeHuidi C HepaBHOMEPHOCTbIO,
onpegensiemoii KoaghduumeHTOM Bapuaumu MeHee 10 %, MOXHO obecne-
YnTb B yCNoBuax Pecny6nuku benapycb, TOMBKO WCMOMb3Yys LUTAHIOBble
MeXaHMYeCcKMe WM NHeBMAaTUYecKue pacnpefenstowye pabouve oprabi
[5, 6].

Hanbonee npocTbiMi M3 pacnpefenstomx paboumx OpraHoB 3TOi
rpynnbl  ABAAIOTCA LUTAHIM C  OTKPbLITOA  LUHEKOBO  BbiCEBAOLLe-
pacnpefenuTensHo cuctemoid (puc. 3)
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Puc. 3. Cxema MeXaHUYECKOI LUITaHI C OTKPbITON LIHEKOBOI
BbICEBAIOLLIE-PACTIPeAeNTeNbHO CUCTEMO

dupma «Bruns» Bbinyckaet cepuio MBA MalnH 18 BHECEHUS MUHe-
pa/ibHbIX YAOOPEHWUIA, KOTOPblE. MOFYT ObiTb 060pPYAOBaHbl KaK LIEHTPO-
OeXHbIMW  [BYXAMCKOBbIMM annapatamul, Tak W LUTaHramMum ¢ OTKPbITOW
LLIHEKOBOW BbICEBatOLLIE-pacnpeseMTeNbHON CUCTEMOI LUMPWUHOWA 3axBaTa
6,9,12n 15 m.

KaHan-enob LWTaHry ycTaHaBAMBaeTcs Nog BbiMYCKHbIM OKHOM MnnTa-
Tens (LenoyHo-naaHyaToro TpaHenopTepa). BHYTpU ero MMeloTcs LUHEK ¢
MpaBbiM W NIEBbIM HaMpaBfeHNAMM BUTKOB. B HWXKHeli vacTu KaHana-
enoba no BCei AVHe YCTaHOBNEHbI BbICEBAIOLLME OTBEPCTUSA C 3aC/IOHKa-
MU. V13-32 HEBO3MOXHOCTM MOMHOIO COrNacoBaHWs MPOU3BOAUTENbHOCTM
BMHTA LUHEKa W A03MPYIOLLMX OTBEPCTMIA MO KOHLAM Xenoba CAenaHbl Bbl-
MYCKHble OKHa, Yepe3 KOTopble CXOAAT OcTaTkv yaobpeHuii. OfHaKo Takoe
BblOpaCbIBaHNE W3MMLLKA YAOOPEHMIA MPUBOAUT K MOBLILUEHUIO HEpPaBHO-
MEPHOCTU pacceBa Ya06peHMiA.

AHaNormyHas cucTema pacnpegeneHus MuHepanbHbIX YA06peHnin u y
TakuxX MawuH, kak ZG3002 n ZG5000 dupmbl «Amazone-Werke» (IFepma-
Hus), K105L dmpmbl «Bredal» (Oanus), DPAPolyvrac S120, S160 n D190
tupmbl Sulky (®PpaHums), LWI108TA n Hspread dumpmbl «Streumaster»
(CepmaHus), mMofenbHbln pag «Kurier» gupmbl Kuxmann (FepmaHus) u
ap.

Mpobnemy ¢ M3NMLIKOM YA06PeHWiA, BblGpacbiBaeMblX U3 LITAHIU, pe-
La/IM YCTAHOBKOW Ha KOHLAX LUTAHI LeHTPOBEXHbIX AMCKOB WM MpUMe-
HEHMEM BO3BPAaTHbIX LUHEKOBbIX TpaHCNoOpTepoB (puc. 4), 4To B 060MX Cy-
4asx NMPUBOLMUT K YCIOXHEHNIO KOHCTPYKLMM MaLIWHBI.
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Puc. 4. Cxema LUTaHIOBOr0 pacnpefennTens B KOMGUHaLWKM C LLEEHTPOGEXHLIMM
pasbpacbiBaTensmm (Cnesa) 1 ¢ BO3BPaTHbLIM LLUHEKOM (Crpasa)

PYM «HIML HAH Benapycu no mexaHu3auuy CenbCKOro Xo3aicTsa»
6b111 pa3paboTaHbl [Be MaLlVHbI C LIENOYHO-LIAN00BLIM pacnpeaenstoLmm
paboumMm OpraHOM: HaBECHOW pacrnpefennTe/lb LUTAHTOBbIA YA0OpeHNit
PLUY-12 n npuuenHaa mawmHa MTT-4LU (puc. 5).

Puc. 5. LUTaHroBble MalLMHBbI C LEeNOYHO-LUIAGOBLIM TPAHCTIOPTEPOM
PLUY -12 (cneBa), MTT-4LU (cnpasa)

PaboTaeT ycTpoICTBO credytowym o6pasom. Mpu BkItoYeHHOM BOM
N OTKPbITbIX 3aC/IOHKaX YA06peHMs 13 GyHKepa Yepe3 BbIFpy3Hble OTBEP-
CTMSA MOCTYNatoT B 3arpy304Hble rop/oBUHbI LITAHT. 3aTeM TPaHCMOPTUPY-
OTCA MO HMM LEMOYHO-LLIAlib0BbIM TpaHcnopTepoM. lMocnefHne nepeme-
WAoT yaobpeHns No paboymmM BETBAM LUTAHr M BbITA/IKMBAKOT MX Yepes
BbIMYCKHble OTBEPCTUS Ha MOBEPXHOCTb Mons. WM36bITOK yAoOpeHuiA no
06paTHbIM BETBSIM LUTAHI BO3BPALLAETCA B MPUEMHble NIOTKM, 3aTeM MNpo-
Liecc noBTopsieTCs.

OfHaKo AaHHbIA TUN LWTAHIOBbIX pacnpeaennTeneit BecbMa YyBCTBM-
TeNeH K KayecTBY yAo6peHnit. OH o6ecneynBaeT BbICOKYH paBHOMEPHOCTb
BbICEBA TO/IbKO XOPOLUO TEKYUMX YA0BPEHWIA CTaHAAPTHON BNaXKHOCTM.

C UeNblo NOBbILEHMS YCTOWYMBOCTM PaboThl AaHHOTO pacrnpegenure-
NI Ha yA00PEHMAX NOBbILEHHON BNAXHOCTU OblNa caenaHa MnomnbIiTka Uc-
MoNb30BaTb JIMHENHO [ABWMXKYLUMIACA B TPyOUYaTOM KOHTYpe CnupabHbIi
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pabouunii opraH BMECTO LIENOYHO-LIAnboBOro. JTOT BapuaHT OKaszancs
BecbMa 3()()eKTMBHbIM MO YCTOMYMBOCTU U KAuyecTBY BbICEBA BNAXHbIX
y006pPEHNIA, HO HafleXKHOCTb PaboThl CNMPaNbHOIO Paboyero opraHa okasa-
Nacb HU3KOIA.

CnefyeT OTMETWUTb, YTO OCHOBHbLIM HELOCTATKOM BCEX MpeAcTaBeH-
HbIX BbILLIE MEXaHWYECKMX LUTAHTOBbIX pacnpeaenstowmx paboumx opraHos
ABMSETCA TO, YTO BHECTM UMM Tpebyemble [03bl YAOOPEHWA, HauMHas C
MOAKOPMOYHBIX M KOHYasi OCHOBHbLIMM, C BbICOKO paBHOMEPHOCTbLIO MpakK-
TUYECKU HEBO3MOXHO, Tak Kak [/ 3TOro Heo6X0AMMO UMETb LIMPUHY Bbl-
CEBHbIX OTBEPCTUIA He Gonee 6 MM, Yepe3 KOTOPbIE HE MOXET ObITb YCTOI-
ymBOro (HeMpepbIBHOr0) UCTeYeHUs1 (BbiceBa) yA0OpeHnid, TeM Gonee yac-
TUL, MOBbILLIEHHOM BMAXXHOCTK.

Kpome TOro, pacCMOTPEHHble MeXaHW4YeCKMe LUTaHroBble pacrpeje-
naoLwme paboume opraHbl yA06PEHUECKMX MALIMH UMEKOT OrpaHuyeHune no
pabouyeii WMpKHe 3axBaTa. [eno B TOM, YTO Macca UX HaxXoAWUTCS B MPSAMONA
3aBUCUMMOCTY OT LUMPWHBI 3axBaTa. C yBeNMYEHWEM LUMPUHBLI NPONOPLMO-
HafbHO BO3pacTaeT MX Macca. [o3ToMy ANA LUTAHrOBbIX MallWMH Tuna
PLLUY-12 MOXHO cuMTaTb NpeAenbHOM WpUHY 3axeaTta 12 M.

Vcxoaa m3 3Toro, 6a3oBbIM 3/1EMEHTOM NPU Pa3paboTKe MepCreKTuB-
HO CXeMbl BbICOKOTOYHOrO pacripefenstolero paboyero opraHa MalluH
[N BHECEHMSA TBEP/bIX MUHEPaNbHbIX YA0BpeHNi He06X0AMMO 1CMO/b30-
BaTb MHEBMATMYECKMWIA pacnpedenstowmii pabounii opraH rpynnoBoro fo-
3MPOBaHMs C YCTaHOBKOI A03MPYIOLLErO YCTPOICTBA aKTUBHOIO MpUHLMNA
[leicTBKs, 06ecrneyvmBaroLLEro yCTONYMBOE A03MPOBaHNE B LLUMPOKOM Auna-
Na3oHe HOPM BHECEHWSI FpaHyIMPOBaHHbIX yao6peHuin oT 80 go 800 Kr/ra,
YTO ObINIO NMOATBEPXKAEHO HaMK paHee [7].
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YK 628.385

CIHOCOBBI TIOBBINEHUA NTHTEHCU®UKALINU ITPOIECCA
METAHOBOT' O BPOXXEHHUA

A. A. OCTPEIKO, cT. npenogasare/b
YO «benopycckas rocyfapCcTBeHHas CelbCKOX03ANCTBEHHAA akaaeMus»,
"opkw, Pecnybnnka benapycb

Beeaenue. B 60/1bLLMHCTBE CTPaH Mupa 610rasoBble TEXHOMOMUW CTann
CTaHAAPTOM OUUCTKMU U YTUNN3ALUN MYHULUNABHBIX U UHAYCTPUAbHBIX
CTOYHbIX BOZ, 1 NepepaboTKu CeNbCKOXO3ANCTBEHHBIX U TBEPAbIX BbITOBbLIX
OTXOA0B C Lie/bH MoayyeHns brorasa Ans NpoM3BOACTBA TEMNIOBOMA U 3NEK-
TPUYECKOIA 3HEPTMM 1 BbICOKO3((EKTNBHOIO OPraHUYECKOro ya06peHns.

Mpoueccbl NepepaboTKM U YTUAUZALMN OPraHUYecKUX 0TXOA0B NyTeM
NX pasfoXeHWs B aHaspPOO6HbLIX YCNOBMAX C MOSYYEHUEM TFOPHOYEro rasa u
€ro 3HepreTUYecKMm MPUMEHEHWEM OCBOEHbl Ye/l0BEYECTBOM CO BPeMeH
rny6oKoii ApeBHOCTU, MpW 3TOM Npupoda 61MONOrMyYecKoro mpowecca pas-
NOXXEHMS OPraHWMYecKMX BELLECTB C 06pa3oBaHMEM MeTaHa 3a MpoLUeALlmne
ThICAYENETUSA HEe U3MeHUNACh. B COBPEMEHHBIX YC/TOBUSAX Pa3BUTUSA HAYKN 1
TEXHVKM CO3[aHbl 060py0BaHNE U CUCTEMbI, MO3BONAKOLLME CAENaTh 3TU
«[PEBHUE» TEXHONMOrNW PEHTabeNbHbIMU U NPUMEHSEMbIMU He TO/bKO B
CTpaHax C TenablM K/IMMaToOM, HO M B CTpaHax ¢ 60fiee CypOBbIMU KOHTU-
HEHT&/IbHbIMU  KIUMATUYECKAMWN  YCNOBUAMM, TakUMK, Kak Pecny6nuka
Benapych.

MonyuyeHne 6uorasa 13 0TXOLOB XMBOTHOBOLCTBA NpeScTaBNseT cobol
[I0BO/IbHO CNOXHbIW NpoLece, a 4715 ero ycrewHon peannsaumum Heo6xoau-
MO pPeLLnTb 60/bLLOE YNCI0 TEXHONOTUYECKUX, TEXHUYECKUX U SKOHOMUYe-
CKUX BOMPOCOB.

3HauuTeNbHble TPYAHOCTW CBS3aHbl C BbIGOPOM TEXHOMOMMU aHa3poob-
HOro COPaXKMBaHUs, pexXmMmamMm paboTbl 1 060CHOBaHMEM MapaMeTpoB Tex-
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