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BBEAEHWE

Ilepen necubim komruiekcoM Poccuiickon denepanuu CEroaHs CTOSAT
HCKJIIOUUTENBHO BAXKHBIE 3a/1a41 — PELIEHHUE NPOo0JIeM PECTPYKTYpHU3aliu.
B «Ctparerun pa3Burus necHoOro komruiekca Poccurickon ®@enepanuu 10
2020 roma» ykazaHO, 4TO OJTHOM M3 TJIABHBIX 33]1a4 B JIECHOM KOMILJIEKCE
SBJISIETCS] 3aMEHA YCTAPEBIINX TEXHOJOIMH, MaIlIMH U 000PYAOBAHUSI C BbI-
COKOH J0JIel PYYHOIO TPyJa M HU3KOW MPOM3BOJUTEILHOCTHIO, OOHOBIIE-
HHUE OCHOBHBIX IPOU3BOJCTBEHHBIX (POHIOB, CO3/IAHUE OTEUECTBEHHBIX
BBICOKOITPOU3BOJIUTEIILHBIX MAIIIVH.

JlenCcTBUTENBHO, OTHOM U3 OCHOBHBIX MPUYHUH CTarHallMU B JIECOIPO-
MBIIIJIEHHOM KOMIUIeKce Poccuiickor Denepanun SBISETCA UYPE3MEPHO
IIMPOKasi HOMEHKJIaTypa MallluH U MEXaHU3MOB, TPEOYIOIasi HEITOMEPHbBIX
3aTparT Ha SKCILIyaTallMio, OOCIYXHWBaHUE U PEMOHT. TOJIBKO Ha CTaJHuH
3arOTOBKH, TPAHCHOPTUPOBKM W TIEPBUYHOM OOpaOOTKU JPEBECHMHBI B
oTpaciu padboTaroT Oojee TPUMALATH PA3HOTUIHBIX MAaIIWH, HOPMAIbHOE
00CTy’KMBaHHUE U PEMOHT KOTOPBIX 00ECIIEUUTDh B YCIOBHUSX JIECOPOMBIIII-
JICHHBIX OPEANPUITUA HEBO3MOXKHO.

Ceronnss B Poccun mMHOroe nenaercs B HANpPaBJICHUHA KOMIUIEKCHOW
nepepaboOTKU ChIpbsi, HO 0€3 U3MEHEHMS MPUHIUMIIOB OpTaHU3aAIuUu |
CTPYKTYPBI JIECO3arOTOBHUTENBHOTO ITPOLIECCA, NPOU3BOJACTBA KPYTJIBIX
JIECOMATEPHUAIOB KapJIUHAJIBbHBIA JKOHOMUYECKUN IMOABEM B OTPACIH
HEBO3MOXKEH.  AHaJM3  CEOCCTOMMOCTH  IPOM3BOJCTBA  KPYTJIBIX
JIeCOMaTepUaIoB Ha PA3JIMYHBIX NPEANPUATHSAX MOKA3bIBAET OTPOMHBIN €€
pasépoc — B mpexgenax 350 - 1100 py6./m’. Cpeau MHOrOYHCICHHBIX
BHEIIHUX U BHYTPEHHUX MNPUYUH TAKOTO IMOJIOKEHUS OCHOBHAS — UCIOJIb-
30BAHUE YCTAPEBIINX T'YCEHUYHBIX TPEJIEBIINUKOB U YEIIOCTHBIX MOrPYy34H-
KOB, SJHEPTrOEMKHUX U HEMPOU3BOIUTEIbHBIX MAIIIUH.

AHanM3 TEXHOJIOTUYECKUX MPOLECCOB M TEXHUYECKUX MapaMeTPOB
IPYy30MOJbEMHBIX MAalllMH, UCIOJB3YEMbIX Ha BCEX (hpazax JIECOMPOMMBIIII-
JIECHHOTO TIPOM3BOJICTBA, IIPUBOJUT K BHIBOAY O BO3MOKHOCTH (M HEOOXO-
IUMOCTH!) TIpUMEHEHUs 37IeChb €IMHOT0 MEXaHW3Ma — MaHUITYJIsTopa C
YHHUBEPCAIBHBIMH CBOMCTBaMHU. [[puMeHEeHE YHUBEPCATTbHOW MOJICIIH WJIH
MOJICJIBHOTO PSiJIa MAHUITYJIITOPOB TEXHUYECKH MTPOCTO U TEXHOJOTHYECKU
BBITOJTHO CMOKET 3aMEHUTh BCKO HOMEHKJIATYPYy HUCIOIb3YEMBIX B JIECHOM
KOMIUICKCE PA3HOTUIHBIX TPY30HOABEMHBIX MEXAHU3MOB, CHU3UTH YPO-
BEHb PYYHOTO TPyJa M YPOBEHb MPOU3BOJICTBEHHOIO TPABMATU3MA, YHU-
(uuUpyeT pEMOHTHYIO U OOMEHHYIO 0a3y, MOBBICUT MPOU3BOJAUTEIIBHOCTD
Y PEHTa0EIbHOCTh MPOU3BOJICTBA.
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1. KNACCUNDPUKALUNA
NECHbIX MAHUMYNATOPOB

Bce mMaHUIynsITOpHBIE MAIIMHBI, UCIIOJIB3YyEMBIE B JIECHOM MPOMBIIII-
JIEHHOCTH Ha NOTPY30YHO-Pa3rpy304YHbIX, TEXHOJIOTUYECKUX U BCIIOMOTa-
TEJIbHBIX ONEPAlUAX, MOXKHO Pa3JIeiuTh Ha TpH rpynnsl [1, 2].

1. [loepy3uuxu-wmaobenepwi. Tlog >THMH MEXaHU3MaMU TTOHUMA-
FOTCS CaMOXOJHBIE MAIlIMHBI C KPAaHOM-MaHUNYJIATOPOM, IIPEAHA3HAYEH-
HbIE JJI IITA0EIEBKH, MOTPY3KU U BBITPY3KH KPYTIIbIX JIECOMATEPHUAIOB.

2. Hagecnvie manunyasimopsi. IT0 MaHUIYISTOPBI, MOHTHPYIO-
IIMeCs Ha Pa3jIMYHble MEXAHU3Mbl U TPAHCIIOPTHBIE CpelcTBa 0€3 3HAYU-
TEJIbHBIX W3MECHEHUM KOHCTPYKLIHMM ITOCIHEAHUX W HMEIOIIHUE OCHOBHBIM
L[EJIEBBIM HA3HAYEHUEM OOCIYXMBAHUE ATHUX MEXAHHU3MOB U TPAHCIOPT-
HBIX CPEACTB WJIM COBMECTHYIO padboTy ¢ HUMH. [Ipu nemMoHTake MaHuUITy-
JsTOpa 0a3a MOYKET UCIIOJIB30BATHCA 10 CBOEMY IPSIMOMY Ha3HAYEHMIO.

3. Texnonoeuveckue MauunyIAmopsl. IT0 MaHUIYJIATOPHBIC Me-
XaHU3MBI CTAlMOHAPHOTO WJIM IEPEIBWKHOTO THIIA, HCIOJB3YEMBIE B
Ka4yeCcTBE OKOJOCTAaHOYHOI'0 OOOpYJOBaHMs, a Takke 00OpYyTOBaHUS TEX-
HOJIOTUYECKUX JIMHUN JIECHBIX CKJIAJ0B, JIECOIEPEBAIIOUHBIX 0a3, Oupxk
CBIpbsI, JleconepepadaThIBAIOIINX LEXOB U JIp.

HaBecHble MaHUITYJISITOPBI OOBIMHO HE UMEIOT KAaOWHBI, TaK KakK Mpe.i-
Ha3HA4YEHBI JIs1 KpaTKOBPEMEHHOW paboThl. Ha HUX mpeaycMoTpeHo cue-
HbE OIEPaTOpa, KOTOPOE KPEHUTCS HAa MOBOPOTHOM KOJOHHE. [Ipn MoHTa-
K€ Ha THEBMOKOJIECHBIE TPAHCIIOPTHBIE CPEACTBA HABECHBIE MAHHUITYJISATO-
pbl paboTalOT ¢ ayTpurepaMu. PaccTtosiHue Mexy ayTpurepaMu M MeCTO
YCTaHOBKH HABECHOTO MAHUITYJISATOPA BIUSAIOT HA YCTOWYHMBOCTH TPAHC-
MIOPTHOTO CPEJICTBA U MOAOUPAIOTCS B COOTBETCTBUU C JIONYCKaeMbIMU Ha-
rpy3KamMy Ha OCY MAIlIHH.

Bricokas rpy30M0gbEMHOCTh IMOIPY3UHMKOB-IITAOEIEPOB IO3BOJISET
INPUMEHATh HMX Ha JIIOOBIX OlepaluusxXx ITa0EIeBKU W TOTPY3KH.
[Torpy3uuku-mradenepsl 4acTo yCTaHABIMBAIOTCA HAa MHEBMOKOJIECHYIO
0a3y, a korjga TpeOyeTcs BBICOKAsl MPOXOJUMOCTh, TO U Ha TYCEHHUYHYIO
0azy. Ha miaccu MaHUIYJISTOpP YCTaHABJIMBAETCS WJIM Ha TOBOPOTHOM
mnatpopMe WIM Ha MOBOPOTHOM KoOJOHHE. Jljis paboThl Ha HUXKHUX
CKJIaJIaX MOTPY34YHKHU-IITa0ENIepbl MOT'YT OBITh YCTAHOBJIEHBI CTALlMOHAPHO.
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Bce TexHOMOrHYeCcKME MaHUIYJISITOPbl M MOTPY3YUMKU-ILITA0ETIephl
uMeloT Kabuubl. Ha morpy3umkax-mradenepax 4acTO YCTaHABIMBAIOTCS
CHELUANIbHBIE YCTPOMCTBA JUIsl MOJAbEMa KAaOMHBI, MHOT/IA HA 3HAYUTENb-
HYyI0 BeICOTY (110 3 - 4 Mm). Ha kpanax-manunynaropax ¢upmsl Mantsinen
KaOMHBI MEPEMEILIAIOTCS B TOPU3OHTAIBHOM MJIOCKOCTH, YTO 00ECIIEYHNBAET
XOpOIIYI0 BUAUMOCTh MPH 3arpy3Kke OOJbIINX 3aKPBIThIX 00beMoB. Kadu-
HbI TEXHOJOTUYECKUX MAHUMYJSATOPOB OOBIYHO MOHTHUPYIOTCS HA HEKOTO-
POM PacCTOSTHUU OT MAHUMYJISATOPA, HO MOTYT OBITh YCTAHOBJIEHBI U HETIO-
CPEACTBEHHO Ha MOBOPOTHOM I1aTopme.

MaruHpl, OTHOCSIIMECS K MaHHUITYJISTOPHBIM YCTPOMCTBAM, MOKHO
KJIaCCU(PUIIMPOBATh 10 KOHCTPYKIMH U 110 Ha3HaueHuto (puc. 1). K koHCT-
PYKTHUBHBIM IMPU3HAKAM OTHECEHBI XapaKTep KOHCTPYKTUBHOI'O HCIIOJIHE-
HUS, YUCJIO CTPEJ, KOHCTPYKIHS, TUIT IPUBOJAA, YUCIO CTEIIECHEW MOABUXK-
HOCTH, BHJI CUCTEMBI KOOpDAWHAT, TUI ynpasieHud. [Ipu kinaccudukanuu
MaHUIYJISITOPOB 10 Ha3HAYEHUIO MPUMEHEHBI CIEAYIONINE MPU3HAKU: BbI-
MOJIHSIEMBIE OIEpalliH, CTENEHb CHEUaIN3allid, MOOMIBHOCTh U TPY30-
MOABEMHOCTb.

[To xapakTepy KOHCTPYKTUBHOTO MCIOJHEHUS] MaHUIYJIATOPHI pa3jie-
JIEHbI Ha HAMNoJIbHbIE (Pa3MEIEHHbIE HA TOJIy MPOU3BOJICTBEHHOTO MOME-
IIEHUsI), TOJIBECHbIE (YCTAHOBJICHHBIC HAa CTEHE WJIM IOTOJIKE, a TaKXe
MOABEUICHHbIE HAa CHEUUAIBLHON OMOpe MOPTAIBHOTO WM KOHCOJIBHOTO
TUIIA) U BCTPOCHHBIE B TEXHOJIOTHUYECKOe 00opyaoBaHue [3 - 6].

[lo yucmy cTpen MaHHUIYJISTOPBl pa3liesieHbl Ha OJHOCTPEJIOBBIE,
JIBYXCTPEJIOBBIE 1 MHOTOCTPEJIOBBIE.

[lo KOHCTPpYKUMM MaHUIYJATOPHl pa3lelieHbl Ha MIAPHUPHO-
PBIYKHBIE, 3B€HbS KOTOPBIX OOpa3yloT TOJBKO BpAlllATENIbHBIEC Maphl, U
TEJIECKOIIMYECKHUE (CTPENOBBIE), 3BEHbSI KOTOPBIX 00pa3yloT MOCTyNaTENb-
HbIE Taphbl, a TAKXE MAHUITYJISATOPbl KOMOWHHUPOBAHHOW KOHCTPYKIIMH
(LLIApHUPHO-CTPEJIOBBIE) C BPAIATEILHBIMU U MOCTYHATEIbHBIMU MMapaMu
3BEHBbEB [7, 8].

[lo BuAY mpuBOJa MAHUMYJISATOPHI MOAPA3IACICHB HA MEXaHUYECKHUE,
ANEKTPUUYECKUE, TTHEBMATUYECKUE, THAPABIMYECKUE U C KOMOMHUPOBAH-
HBIM [PUBOJIOM HCIIOJIHUTEIBHOIO Oprasa [3 - 6].

[To uncy cTeneHel MOABMKHOCTH BbIIEJIEHBI MAHUITYJIATOPHI C JIBY-
Ms, TPEMS, YETHIPbMSI K 00Jiee CTENEeHsIMU MOJABUKHOCTH [3 - 6].

[lo Buay cucTtembl EpPEMENICHU MaHUIYJIATOPHI MOAPA3IAECICHBI Ha
MaHUMYJSTOPBI C NPSIMOYTOJbHON, HWJIMHIPUYECKOM, YyIIoBOM, chepuye-
CKOM cHCTeMaMU KOOPJAMHAT U C KOMOMHUPOBAHHOM CUCTEMOM Mepemeltie-
Huil [3 - 6].
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ITo Tuny ympaByiieHUsI MAaHUITYJISITOPBI pa3AeieHbl HA MAHUITYJISITOPBI C
aBTOMATHUYECKUM YIIPABJIICHUEM, KOTOPHIE HA3bIBAIOTCSI MTPOMBIILICHHBIMU
poboTamu, ¢ PyYHbIM YIPABJICHUEM U C JUCTAHIIMOHHBIM YIIPABJICHUEM,
KOTOPOE B CBOIO OYEPE/Ib MOXKHO MOJICJIUTh HA MSATh TUIIOB:

1) xoMaHJHOE YIpaBJICHUE XapaKTEpU3yeTCs TEM, 4YTO YEJIOBEK-
orepaTop MyTeM HaKATHUS PA3JIMUHBIX KHOTOK WA BKJIFOYEHHUS TyMOJIEpOB
3aIlyCKAeT M0 O4YepPeH MPUBOJIbl MAHUMIYJISATOPA MO PA3TUYHBIM CTEICHSIM
MOJBUXKHOCTH, JTOOMBASICh, TAKUM O0pa3oM, MOOUYEPETHBIM BKIHOUECHUEM
KaXJ0ro MpuBOjJia TPeOYEeMOro KOHEUHOI'O IMOJIOKEHUS BCEro MAaHUITYJIS-
TOPHOTO MEXaHU3Ma;

2) KONMMpYIOIee YIIPaBJICHUE OTINYACTCA TEM, UTO YEJIOBEK-OMEepPaTOp
paboTaeT ¢ 3aJar0lMM MEXaHU3MOM, KHHEMaTUYECKH MOJTHOCThIO M0100-
HBIM pabo4YeMy MaHUMYJIATOPY;

3) MoJyaBTOMAaTH4YECKOE YIPABJICHUE COCTOUT B TOM, UTO 3aJAIOIIHIA
MEXaHU3M HMMEET BHUJ YIPaBJSAIOIIEIO pblyara CO MHOTMMHU CTEHEHSIMH
cBOOObI. YesnoBek-oneparop HE MPOU3BOIUT CBOCH PYKOW OOJIBIIMX JIBU-
KEHMM, KaKk ObLJIO B KOMUPYIOIIEM CIIOCOOE, a MPOCThIMH Ha)KMMaMH Ha
PYKOATKY B Ty WM MHYKO CTOPOHY YIPaBJISCT JABWKCHUEM paboyero ma-
HUITYJISITOPA;

4) cynepBU30pHOE YIPABJICHUE — 3TO OJIHA U3 Pa3HOBUIHOCTEH IOTY-
aBTOMATUYECKOro yrpanieHus. [Ipu TakoMm ynpaBieHUU YEIOBEKY MTOMOra-
€T MUHU- WK MUKpOOBM, B mamsTh KOTOPBIX 3aHECEHBI KOMaH/bl HA BbI-
MOJTHEHUE HEKOTOPBIX CTAaHAAPTHBIX PEKUMOB JIBMDKCHUSI MAHUITYJISITOPA;

5) MHTEpPAaKTUBHOE YIIPaBJICHUE (IUAJIOTOBBIN pEXUM). 37eCh pacIo-
3HaBaHUE OOCTAHOBKM OCYIIECTBIISETCS C IOMOIIBI) CEHCOPHBIX YCT-
POMCTB, HAIIPUMEP CUCTEM TEXHUYECKOTO 3penus [9, 10].

ITo xapakTepy BBINOJHSEMBIX OMNEpallMid BBIICJICHBI ONEpallMOHHbIC
MaHUITYJISITOPBI, HEMTOCPEJACTBEHHO BBIMOJHSIONIAE ONEPalid TEXHOJIOTH-
YeCKOro Inpoiiecca, 1 TPAHCHOPTHBIE WM OOCTY>KMBAIOIIUE MaHUITYJISATO-
PBbI, BBITIOJHSIONIME BCIIOMOTAaTEIbHbIE MTEPEXOAbl UM ONEpalliu mepemMe-
IICHUSI, HApUMEp IMOBEMHO-TPAHCTIOPTHBIC JEUCTBUSA THUMA «B3SITh —
MIEPEHECTH — YCTAHOBUTh — BBIHYTh — MEPEKAHTOBATh WJIM MOBEPHYTH —
MOJOXKUTE» (MpU  OOCIYKMBAaHUU TEXHOJIOTMYECKOTO 000pYyI0BaHUS,
KOHBEUEPHBIX JTMHUMN U ckiaaoB) [11].

MaHunyJIsITOphl MO CTENEHU CHeIUaIN3auy GyHKIIMH MOXKHO pa3Jie-
JIMTh HA YHUBEPCAIIbHBIE, CIIEIIMAIM3UPOBAHHBIE U clielnanbHeIe [4, 5, 10].

YHUBepcaJbHBIM B HACTOSAIIEE BPEMS CUUTAIOT MAHUITYJISITOP, pado-
YU OpraH KOTOPOTO MMEET HE MEHEe CeMHU pabounX JBUKEHUI: TPU JIU-
HEWHBIX, TPU YTJIOBBIX W OJHO JUISl yAEpKaHUS MpeaMeTa. Y HUBEpcaylb-
HbIC MaHUIMYJISITOPbl MOTYT OOCIYXHBaTh Pa3IM4HOEC OOOPYJOBAHUE U
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OneKTopHHbIN apxuB YITITY

BBIMIOJIHATh CaMble Pa3HOOOpA3HbBIE ONEpalUd C MIMPOKOW HOMEHKIATY-
POV TPY30B.

O6nacTh NpUMEHEHUSI CHEUUATU3UPOBAHHBIX MAHUIYJIATOPOB — BbI-
MOJIHEHUE Olepalrid OJHOrO BUAA UM OOCTyKUBaHUE 00OPYIOBAHUS OJ1-
HOTO HazHaueHus. [IpruMeHeHne Takux MaHUITYJISITOPOB BCErJa orpaHuye-
HO OTPEJIETICHHBIMU YCIOBUSIMH U IPOCTPAHCTBOM.

CnenuanbHble MaHUNYJIATOPHl 00JaAarOT, Kak MPaBHIIO, OJHOM —
TpeMsl CTENEHSIMHU CBOOOJIbI M padOTaIOT MO CTPOr0 OTPaHUYEHHOW Mpo-
rpaMMe, BBIMOJHSA ONPEACIICHHYI0, OOBIYHO MPOCTYIO OMEPALMIO WIH 00-
CIIyHUBasi 000pyJ0OBaHNE KOHKPETHOU MOJENH.

[lo MOOWIBHOCTH  BBIIEJIEHBI  CTAllMOHAPHBIE  MAaHUIYJISTOPBI
(3aKperieHHbIE Ha HEMOJIBUYKHOW OMOPHOW KOHCTPYKIIMH) U MEPEABHKHBIC
MaHUIYJISATOPbL, KOTOpPbIE MOTYT OBITh CMOHTHUPOBaHbI HAa PEIHLCOBOM,
IMHEBMOKOJIECHOM, TYCEHUYHOM WJIH CHEIMAIBLHOM Iacc [3, 5].

[lo rpy30MOABbEMHOCTH MAHUIYJISTOPBI Pa3AesieHbl HA MaHUITYJISTOPbI
Majiol TPy30MOABEMHOCTH (C rpy30BbIM MoMeHTOM 110 70 kHwm), cpenneit
Ipy30M0ILEMHOCTH (C TPY30BbIM MOMEHTOM OT 71 o 140 kHM) u 60mnbIion
IPy30M0ILEMHOCTH (C Ipy30BbIM MOMEHTOM cBbIiie 140 kHwm) [7].

2. KUHEMATUYECKME CXEMDbI
NNECHbIX MAHUMYNATOPOB
N MEXAHNA3MOB YTIPABJIIEHUA PYKOATBIO

Kunemaruueckne cxeMbl JIECHBIX MAHMITYJISITOPOB MOXKHO Pa3fesIUTh
Ha JIBE TpymIbl. B mepBoit rpymme ucnonb3yeTcsl MPUHIHUIT YIOPSI0UYEeHHO-
IO PacroJIOKEHHs 3BEHbEB U KMHEMATUYECKHUX Tap, MpUYeM BCeraa hMe-
eTCsl TI0 KpaiiHe Mepe OJHa Mmapa KMHEMAaTUYeCKH CBSI3aHHBIX 3BEHBEB,
obecrnieunBaroiasi nepeHoc padboyero opraHa B 0a30BoM IIocKocTH. Mc-
MOJIb30BAHKE €IIIe OAHOW CTEMEHH MOABMYXHOCTH KHHEMATHYECKOU CXEMBI
obecrieynBaeT JBXKEHHE 0a30BOM IJIOCKOCTH B MPOCTPAHCTBE U 00pa3o-
BaHME 00CIYKMBaeMOro oobema.

Bo BTOpO# IrpyInmne KUHEMaTUYECKUX CXEM HUCIIOJIb3YETCS IPOU3BOJIb-
HOE PACIIONIOKEHUE 3BeHhEB U KUHEMATUUECKUX Tap, MPU STOM JABMKCHHE,
HaIpUMeEp, B TUIOCKOCTH, MOKET ObITh OPraHU30BaHO HCIOJIH30BAHUEM CO-
BMECTHOM pabOThl HE MEHEE TpeX KMHeMaTHUecKux map. B 3Tom ciydae
3aKOHBI JIB)KEHUS 3BEHBEB (JaKe MPU MPOCTHIX 3aKOHAX JBIKEHUS pado-
Yero opraHa) OKa3bIBalOTCS OUEHBb CIIOKHBIMH, ITOATOMY 3Ta Ipymia KUHe-
MAaTUYECKUX CXEM MOJy4Yriia HAaUMEHBIIIEE pacnpocTpaHenue [12].
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OneKTopHHbIN apxuB YITITY

Cxema pabouero o0OpyIOBaHUS MaHHUIYJISTOPOB TMPEACTABISIET CO-
00l pa3OMKHYTYIO KMHEMATHYECKYIO IIeIb, MMPUYEM DJIEMEHTBHI €€ MOTYT
MMETh BpallaTeIbHOE JBMKCHHE OTHOCHUTEIHHO APYT Apyra (IIapHUPHO-
cowIeHeHHoe pabouee oOopyaoBaHue) (puc. 2, a), MOCTYIATEIbHOE JIBU-
XKEHHE (TeliecKomuueckoe padbouee obopynoBaHue) (puc. 2, 0) U coBMme-
aTh 3TU JBa JBH)XEHUA (KOMOMHUPOBAHHOE pabodee 00OpYy/10BaHUE)

(puc. 2, B) [8].
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Puc. 2. KoMnoHOBOYHO-KHHEMAaTHUECKHUE CXEMBI JICCHBIX MaHHUITYJISATOPOB:

a — WIAPHUPHO-COUJIEHEHHAs! KOHCTPYKLHUS; O — TeJeCKOnruuecKasi KOHCTPYKIUS;
B — KOMOMHUPOBAHHAs! KOHCTPYKIIHS

Llaprupho-counenennvie MaHUNYIAMOPsbl COCTOAT U3 MIAPHUP-
HO-COYICHEHHBIX CTPEJIbl U PYKOSATH, YCTAHOBIICHHBIX HA IIOBOPOTHOM KO-
JoHHE. Takue MaHUITYJIATOPBI IPOCTHI [0 KOHCTPYKIIMH, YCTPONCTBY U HU3-
TOTOBJIEHUIO, HAJIeKHBI B padore. K HegocTarkam 3T0il cXeMbl MOKHO OT-
HECTHU 3HAYUTENbHBIEC Ta0APUTHI 110 BBICOTE, & TAKKE CPAaBHUTEIBHO MAJIbINA
BBUIET, YTO OTPAHMYMBAET OOJACTh NMPUMEHEHHUS U IPOU3BOAUTEIBHOCTD
MaHHUITYJIATOPA.
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Tenecxonuueckue 2uOPOMAHUNYIAMOPBL COCTOAT U3 TIOBOPOTHOM
KOJIOHHBI M IIIAPHUPHO-COWICHEHHON C HEW TEJIECKONMMYECKON CcTpenbl. Te-
JIECKONIMYECcKasi CTpeia COJIEPKHUT JBE WM TPU BBIIBWKHBIX CEKIIUH, B
3aBUCUMOCTU OT KOHCTPYKIIMH MaHUMYJsATOpa. CEeKIIMU MOTYT BBIJIBUTATh-
Csl C TIOMOIIBIO TUAPOIUIINHAPA, TPOCOBOTO (MM IEMHOT0) MPUBOJA WU
ux komouHanui. Teneckonuueckoe padbouee 000pyT0BaHUE ITUPOKO pac-
MPOCTPAHEHO HAa CAMOXOJIHBIX MOABEMHBIX KpaHaX U MPUMEHSETCS Ha Ma-
HUTMYJSATOPAX JJIi MOHTQXHBIX pa0oOT, TaKk KaKk OHO MO3BOJISIET MOJy4aThb
MEHBIITUE Ta0apuThl B TPAHCIOPTHOM IOJOXEHUU, MOXKET 0€3 JTOMOIHU-
TEIbHBIX YCTPOMCTB M CIHEIHUAIbHBIX HABBIKOB OMeparopa IMepemMeniarh
IPy3 CTPOTO FOPU3OHTAIBHO M UMEET JYUIlINe TOKa3aTeIn UCTIOIb30BAHUS
MOIITHOCTHA Ha TOJAbEM COOCTBEHHO pabouero odopynoBanus. I[lomobHOE
000py/I0BaHKE TPEOUTUTENBHEE U TIPU PA0OTE B CTECHEHHBIX YCIOBHSIX.
OpHako OHO MMEET U PsiJl HEIOCTATKOB: MAaHUIYJSTOP C TAaKUM 00OPYIO-
BaHHWEM HE MOXKET OpaTh Tpy3 3a MPEerpajoi, 4To UMeeT OOJNbIIoe 3HAYE-
HUE MPU MOTPy3Ke Ha TPAHCIIOPTHBIE CPEACTBA U pabOTe BHE POBHOM ILIO-
HIaJIKH, a TaKKe MPU MOTPY30YHO-PA3TPY30YHBIX paboTax Ha KeEJIEe3HOO0-
PO’KHOM TPAHCIOPTE, UM HEBO3MOXHO IMPOU3BOAUTH YKJIAJKY BBICOKHX
mrabeneii. CyliecTBEHHbIM HEIOCTATKOM CXEMBbI SBIISCTCA JOCTaTOYHO
BBICOKAsI CJIOXKHOCTh KOHCTPYKIIUU CTPEJIBL.

B mHactosmiee Bpemss HamOOJbIIee pPACIPOCTPAHEHUE TMOTYUHIN

KOMOUHUPOBAHHbIE MAHUNYISAMOPSI, TPEACTABIAIONINE COOON mIap-
HUPHO-COWICHEHHBI MaHUIYJATOP C TEJIECKOIMYECKOW PYKOAThIO. Ma-
HUITYJISATOPHI TAaKOro Tumna HauoOosiee 3((PEKTUBHO pelIalT MpodIeMy
pacmmpeHus: pabovero MpoCTPaHCTBA MPU OTPAHUUYEHHBIX pa3Mepax crpe-
Jbl. JIOCTOMHCTBOM 3TOM CXEMBI ABJISIETCS OOJBIION BhUIET MAHUMYJIATOPA
(O6onee 10 m). HemocTaTok cxembl — CIOKHOCTb M3TOTOBJICHUS PYKOSATH
MaHHUITYJISATOPA.

MexaHu3M yIpaBlICHUs] CTPETION Yy MaHUITYJISITOPOB PA3JIMYHBIX MO-
Jieeil OAMHAKOB U COCTOUT M3 BEPTUKAIBLHOIO WJIM HAKJIIOHHOI'O THUJIPOLIU-
JuHApa (MHOrAa JBYX THAPOIWIMHAPOB), MIAPHUPHO 3aKPEILNIEHHOTO B
MPOYIIMHAX KOJOHHBI U CTPEJIbI.

bonee cioxHble W pa3HOOOpa3HbIE BapUAHTHI HMEET MEXaHU3M
yIpaBJeHusl pyKosATbio. B Hacrosiee Bpemsi HanOosee MUpoKoe mpume-
HEHUE TOJYYWJIM CXE€Mbl MEXaHU3Ma YIPaBJICHUS PYKOATHIO, MPEICTaB-
JICHHBIE Ha pHUC. 3.

VYrpasneHue ¢ MOMONIbIO MAPHUPHOTO YETHIPEX3BEHHUKA (pUC. 3, a)
MIPUMEHSIETCS KaK Ha OTE€YECTBEHHBIX JECHbIX MammHax Th-1M, MJI-65,
TJIT-35, TIJIT-50, Tak 1 Ha 3apyOexHbix, Hanpumep F50V, FSOL, F60F,
F60V, F95S, F81S, F130S u B 1pyrux MaimmHax.
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B T
Puc. 3. Cxema ruipopbl4aKHbIX MEXaHU3MOB YIIPABJICHUS PYKOSTHIO

VYnpapiieHue pykosThIO ¢ TOMOIIBIO KOPOMBICTIA U I1aryHa (puc. 3, 0)
ucnonb3yercs B MammHax JIT-203, F70L, F65S, Valmet B100C u B nip. Pa-
00Ta CXEeM YIpaBJICHUSI PYKOSATHIO C TOMOILBIO IIAPHUPHOTO YETHIPEX3BEH-
HUKA WM KOPOMBICIIA U IIAaTyHa MPaKTUYeCKu oAarHakosa. [locpeacrsom no-
MOJIHUTENIbHBIX KNHEMATUYECKHUX 3BEHBEB Y/IAETCS CYIIECTBEHHO YBEIMYUTh
pabouyto 30Hy MaHunyssTopa. [1o3ToMy JaHHBIE CXEMBI OTYYUIIH TUPOKOE
pacnpocTpaHEHHE B KOHCTPYKIIMU MAHUITYJIITOPOB JIECHBIX MAIlIMH.

Cxema, npuBeicHHAsd Ha puc. 3,B, HalllJIa IPUMEHEHUE B KOHCTPYKLIUU
MaHHUITYJIATOPOB JecHbIXx MamuH Tb-1, JII1-49, MJI-55. Manunynsropsi,
MOCTPOCHHBIE TI0 YKa3aHHOM CXEeMe, MMEIOT MEHBIIYI0 Padouyro 30HY IO
CPaBHEHUIO C MAaHUITYJIATOPaMH, MOCTPOSHHBIMU MO cxeMaM 3,a u 3,0, HO
OHA COJICP>KUT MEHBIIIEEC YHUCIIO MOABWKHBIX 31eMeHTOB. [lomoOHas cxema
MPUMEHSIETC B KOHCTPYKIMM MaHUMyssitopoB Patu (¢pupmsr Kesla, ®un-
nsHaust). OT MaHUMYJSITOPOB, MPOM3BOAMMBIX B Poccun, oHM OTiIHMYaroTcs
TEM, YTO UMEIOT 00JIee KOMIIAKTHOE TPAHCIIOPTHOE MOJIOKEHHE.

CxeMa, npuBeIEeHHAs Ha PUC. 3,T, UCHOJIB3YETCS sl BRICOKOHATPYKEH-
HBIX MaHUNYJIATOPOB. Ee oTiHMune 0T pacCMOTPEHHBIX PaHEe CXEM COCTOMT B
TOM, YTO MOABEM PYKOATH OCYIIECTBIIAECTCS OECILITOKOBOM MOJIOCTHIO THIIPO-
UWIMHJIPA YIPABIEHUS PYKOSATHIO, YeM OOECIEeUMBAETCA OOJbIIEE YCUIIUE
nogbeMa. Takas cxeMa HMCHOJb3yeTcsd Kak Ha MAallMHAX OTEYECTBEHHOI'O
npousBoactBa (JITI-19, JIII-60), tak u nHa 3apydexubix (F330S, F300S,
F190S, F240S). K Hegocratkam JaHHOW CXE€MbI CJIEAYET OTHECTH MAaIIyrO
pabouyro 30HY U OOJbIINE Ta0apPUTHI MAHUITYJIATOPA B TPAHCIIOPTHOM TOJIO-
KCHHH.
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3. AHAJIN3 PABOYNX OPIrAHOB
NECHbIX MAHUMYNATOPOB

CmeHHble paboure opraHbl SBISIIOTCSA CHEHUATM3UPOBAHHBIMU T'PY30-
3aXBaTHBIMM MPHUCIIOCOOJICHUSIMU, TPETHA3HAYEHHBIMU JIJIs1 pabOTHhI € pa3-
JUYHBIMHU TUIIAMU TPY30B, YTO MO3BOJISIET 3HAUUTEIBHO PACIIUPUTH 00JIac-
TU NPUMEHEHUS TUIPOMAHUITYJIATOPOB U 00ECIIEYUTh UX BBICOKYIO TPOU3-
BOAUTEIBHOCTh U YHUBEPCAIBHOCTH MPU UCIIOJIb30BAHUU UX B PA3JIMYHBIX
OTpAaCISAX HAPOJHOTO XO35MUCTBA.

@upMbl, BBINYCKAIOIIUE MAHUIYJISTOPHI, MPEACTABISIOT Ha PBIHOK
pa3iiMyHble BUABl pabOUYMX OPraHOB, MPUYEM KaXKIblii M3 BHUJIOB YaCTO
MMEET HECKOJIBKO TUIOPA3MePOB [1].

Paboune opranbl MOTyT BKJIIOYATh B C€0Sl OAMH JIEMEHT, HaPUMED,
3axBar (puc. 4, a), TMOO0 HECKOJIBKO 3JIEMEHTOB, HAIPUMEP 3aXBaT U YIIOP
JUIsl XJIBICTOB (pHc. 4, 0). YHOp KpenuTcs K pyKOATH WUJIU CTPEJIe MaHUITY-
JSITOPA U MOXET OBITh JINOO KECTKO 3aKPEIJIEHHBIM, JINOO MOIBUKHBIM.

['peiidepubie 3axBaThl C NEPEKPHIBAIOIIMMHUCS YEITIOCTAMH MTPUMEHS-
IOTCSL 11 TIOTPY3KU Kpyriioro jeca (puc. 4, a). OIUH U TOT XK€ MaHUITYJIs-
TOp B 3aBUCUMOCTH OT Pa3MEpOB IMOrPYKAEMBIX JIECOMATEPHAIOB MOXKET
OBITh OCHAILIEH OJHUM M3 TPEX-YEThIPEX TAKUX 3aXBaTOB, YIPaBISEMBIX
OJIHOW W TOW € T'MJIPAaBIMYECKON anmaparypoil U pa3inyaroluxcs, riiaB-
HbIM 00pa3oMm, pasmepamu denmtocteil. Tak, 3axBaT ¢ MIOIAJbIO 3€Ba, U3-
Menstronieiicst ot 0 1o 0,4 M%, HcIob3yercst A1 c6opa GPEBEH BIOIb J0-
pOr U Ipyrux padoT, Korja B3sATUE MMaYKH Jieca 3aTpyIHEHO. s morpy3ku
2 - 3-MeTpoBBIX OamaHCOB U3 MITa0EIeH HA aBTOMOOMIIM UCIIOJIB3YETCS 3a-
XBaT ¢ IwIomaabo 3esa 0,25 - 0,5 M. JIIs METPOBBIX OalTaHCOB MpEIHA-
3HAueH Ipefi(pepHbIii 3aXBaT ¢ yBeNMYEHHOH 10 0,6 M’ IUIOLIABIO 3¢BA.
MakcumanbHas BEJIUYMHA PACKPBITHS YETIOCTEM 3THX 3aXBAaTOB COOTBET-
crBeHHo 1360, 1610 1 1820 mm.

JIJ1st MOrpy3Ky METPOBBIX OAJIAHCOB U3 Ky4, a TAaKXKE€ OCMOJIa, CKpara,
JPOB U T.I. IPUMEHSIOTCA MHOTOUYEIOCTHBIE rpeiihepHbIe 3aXBaThl, KOTO-
pble MOTYT UMeTh 3, 4 u 5 yemocteil (puc. 4, B). K yentoctam MoryT kpe-
MUATHCS TaK HA3bIBAEMBIE «JIEMIECTKU», U TOTJa BO3MOXKHA MOTPY3Ka IIETbI
U IPYrUX ChIy4uX Ipy30B. [IpuBOa KaKA0U YEIOCTU WHAVMBUILYATbHBIN.
DTH 3aXBaThbl MOT'YT MOJBEUIMBATHCSA K MAHUIYJIATOPY KaK 4yepe3 poTarop,
Tak 1 0e3 poTaTopa MPOCTO K I'PY30BOMY KPIOKY, TaK Kak CHEIUaIbHOU
OPUEHTALIMM MHOTOYENIFOCTHOTO 3axBara Iepe] B3SITUEM Tpy3a U CaMOro
rpy3a B Ipoliecce nepeHoca He TpedyeTcsl.
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O

Puc. 4. PaGoune opranbl J€CHbIX MAHHUITYJISATOPOB:
a — rpelidepHslif 3axBat; 0 — 3aXBaT ¢ yIOPOM JUIsl HOTPY3KH XJIBICTOB;
B — IpeiiepHBIii MHOTOUEIIOCTHOM 3aXBaT; T — IBYXYEIIFOCTHOM rpeiepHbIi KOBIII,
1l — 3aXBarT Ui pyJIOHOB Oymaru; € — XxapBecTepHas FOJIOBKa;
K — HABECHOM JIPOBOKOIT; 3 — IPY30BOM KPIOK
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JIJist IOTpyY3KH CHIMYYUX U HEOOJBIINX KYCKOBBIX TPY30B MOTYT OBITh
MCIIOJIb30BAHbI TAKKE ABYXUEIIOCTHBIE TpeliepHble KOBIIU. YentocTu Ta-
KHUX KOBIIIEH OBIBAIOT CILIOIIHBIE U ceTyaThie (puc. 4, r).

Ha mnorpy3umnkax-mradenepax M TEXHOJOTMUECKUX MAHHUITYJISTOPAX
KpOME MEePEYUCIEHHBIX pabOunX OPTaHOB JJI KPYIJIOro Jieca MPUMEHSIOT-
Csl TaKXKe KJIEHIEBBIE 3aXBaThl C yHpaBsieMbIMU NoaBecaMu. OOBIYHO 3TU
3aXBaThl UMEIOT TOPa310 OOMBIIYI0O MACCY, YEM MOJIOOHBIE 3aXBAThI, IPEI-
Ha3HA4YE€HHBIE U1 PabOTHI ¢ HEYNPaBISIEMbIMH MoJBecaMu. KiienieBbie 3a-
XBaThl UIMEIOT 00Jiee y3KHE M MOLIHBIE YEIOCTH, YEM Yy TpeidepoB, U ve-
JIIOCTH OOBIYHO 3aKaHYMBAIOTCS OCTPUEM, UTO JEIAET BO3MOXKHBIM 3aXBaT
TOJICTBIX OpEBEH IyTEM BJABIMBAHMS yeatocTeid B OpeBHO. KiemieBsie 3a-
XBaThI C YIPABISEMBIMU MTOABECAMU MOTYT UCIOJIb30BATHCA OTJEIBHO WM
B [1ape C YIopaMu JUIsl XJIbICTOB.

3axBaThl JJIsI KPYIJIBIX JIECOMATEPUATIOB HABECHBIX MaHUIYJATOPOB
OOBIYHO MMEIOT OoJiee MPOCThie KOHCTPYKUUHU. [L1OTHOE cokaTthe B3STOM
Mayky Jieca WM OJHOTO OpeBHa Yallle BCETO OCYIIECTBISETCA MEPEKPHI-
BAIOIIMMUCS YENIOCTSAMHU 3axBaTa. llepekpbiBaHue yentocteil odecrneurnBa-
€TCs TEM, YTO OJIHA YEJIOCTh 3aXBaTa BBINOJIHEHA KOPOUYE U YKE JIPYyrod U
MOXET BXOJUTh B IPOPE3b OOJbIIEH YENIOCTU. B OTHENbHBIX cliydasx ve-
JIIOCTH M3TOTOBIIAIOTCS OAMHAKOBBIMU, U C)KATHE I'Py3a OCYILIECTBIISIETCS
00BsI30YHBIM TpocoM. HyXHoe HaTsbKeHHe Tpoca 00eCHeYHBaIOT MPYKU-
Hbl. DTOT cnoco® oOkaTusi HaOpaHHOW Ma4yKU JiecoMaTepUaIoB TpPeOyeT
HaJW4Ms JIOMOJHUTENIbHBIX YCTPOMCTB, YCIOXKHSAIOIIMX KOHCTPYKLHIO 3a-
XBaTa, ¥ O3TOMY HE MOJIYYHJI IIUPOKOTO pacCHpOCTPaHEHUSI.

JIist mpuBOAa YeNtoCTel rpeepHbIX 1 KICIIEBhIX 3aXBATOB MAHUITY-
JSITOPOB MPUMEHSIOTCS TUAPABIMYECKUE WIMHIAPKL. Tak Kak ¢ yBelnye-
HUEM TPY30IIOABEMHOCTH MAHUIYJISATOPOB TPEOOBAHUS K CUJIOBBIM XapaK-
TEPUCTUKAM 3aXBaTOB IOBBIIIAIOTCS, HAOIIOJAIOTCS ONpPEACIICHHBIE pa3-
YU B KOHCTPYKLMHU 3aXBAaTOB HABECHBIX MAHUIIYJISITOPOB (C TPY30BBIM
MoMeHTOM Jo0 160 kHM) u 3axBaToB 00Jie€ MOIIHBIX MOTPY3UUKOB-
mTadenepoB. Y MOrpy3urKOB-IITA0EIEPOB IPUBO/ YETIOCTEN, KaK IIpaBu-
JI0, UHAUBUAYAIbHBIA, T. €. KaXKIOW YEIIOCTHIO YIPABISAET OTACIbHBIN
TUAPABIMYECKUN LIWIMHJIP, TOTIa KaK Ha HABECHBIX MAHUMNYJATOpaX IS
ATOM LEIN MCIOIb3YETCA OJUH OOMIMI BEPTUKAIBHO WIJIA TOPU30HTAIBHO
PACIOJIOKEHHBIN THIPABINYECKUN [IUITUHIP.

BeprukanbHOe pacnonoKeHUe TUAPABINYECKOTO UIMHAPA MTO3BOJIA-
€T CHUHXPOHHU3WPOBATH JBM)KEHUE YETIOCTe 0€3 MPUMEHEHUsS JOINOJIHU-
TEJIBHBIX TAT WK 3y04YaThIX CEKTOPOB, YTO oOseryaer 3axsar. Kpome Toro,
paboure oprasbl JErko 3aMEHSAIOTCS IMyTEM MOHTaka Ha UMEIOLIUNCS po-
TaTOp W CUJIOBOM THUAPABIMYECKUN IWIMHAP pa3audHbIX yentocTeil. Kak
HEJIOCTATOK CJIEYET OTMETUTH OOJBIINE BEPTUKAIBHBIC Pa3MEphI 3aXBaTa.
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[IIupokoe pacmpocTpaHeHHE Ha HABECHBIX MAaHHITYJSITOPAX HMEIOT
3aXBaThl C TOPU3OHTAJIBHBIM IMUIMHIPOM MPUBOJAA YETIOCTEH U CUCTEMOM
MEePEeKPEIIUBAIOIIMNXCS TAT, Oiaronapsi KOTOPhIM BO BpeMsi TIOBOpOTA dYe-
JIOCTEH MX HOXH MMEIOT TaKXKe 3HAUMTEIbHOE MOCTYMaTelIbHOE TepemMe-
nierue. [Ipu sTom npecienyeTcs 1eNib MOTYyYUTh Kak MOKHO OOJIBIIIYIO Be-
JUYUHY pa3Maxa YelrocTed U TOOUThCA B TO K€ BpeMs MUHUMAJIbHBIX
TJIOMIAZM 3€Ba M TabapuTOB B 3aKPHITOM COCTOSHUM. TakKe IIUPOKO HC-
MOJIb3YIOTCS KJICIEBHIE 3aXBAaThl C HAKJIOHHBIM THIPABIMYECKUM IWJIUH-
JIpOM TMPHUBOJA YETIOCTEH, KOPIYC KOTOPOro IMIAPHUPHO COEIUHEH C Tpa-
BEpPCOM 3axBara, a ITOK — C OMHOU U3 YyenocTer. CUHXpOHHU3aLMs IBUXKE-
HUS YEIFOCTEW M NMPUBOJ BTOPOM YEIIOCTU OCYILUECTBIIIOTCSA C ITOMOILLBIO
HAKJIOHHOW THATH.

3axBaTbl COCIUHSIOTCS C MAHHUITYJIATOPOM Yepe3 IIapHUp, Ha3bIBae-
MBI mogBecoM. Eciii KOHCTpyKIIMS MaHUTYJIATOpA MpeaycMaTpUBAeT To-
BOPOT 3aXBara B INIOCKOCTH pabouero 000pyI0BaHuUs C MTOMOIIBIO CHIIOBO-
ro MPUBO/IA, TO MOJABEC HA3BIBACTCS YIIPABIISIEMbBIM.

['peiidepubie 3aXBaThl COEUHAIOTCSA C padOYUM 000PYIOBAaHUEM, KaK
MPaBWJIO, IOCPEJICTBOM HEYIPABISIEMOIO TIOJBECa, KOTOPHIA HaIEKHO
BOCIPUHHUMAET JIMIIb PACTITUBAIOIINE HArpy3Ku. JTO TO3BOJIIET OpaTth
Ipy3 TOJBKO B IJIOCKOCTH €r0 LEHTpa TshkecT. Takoii crmocod yaep:kanus
rpy3a Ha3bIBAIOT yJEp)KaHWEM B IIAPHUPHO-TIO/ABEIICHHOM 3axBare. [Ipe-
MMYIIIECTBOM 3TOTO CIOCO0a SBIISETCS YMEHBIIEHHE TUHAMUYECKUX Ha-
IPy30K Ha METaJUIOKOHCTPYKIIMM MaHUIYJSATOpA, CHIIOBOM MpuBOA pabdo-
4yero o0Opy/loBaHUs U Ha caMm 3axBaT. Kpome Toro, HeynpaBisieMblil Moj-
Bec o0ecreunBaeT MOCTOSHCTBO yIila HAKJIOHA OCH 3aXBaTa OTHOCUTEIHHO
MOBEPXHOCTH 3€MJIM, OJjarojapsi 4eMy 3HAUUTENIbHO oljerdaercs padora
orepaTopa mpu Habope KPyTIbIX JIeCOMAaTEPUATIOB U3 IMITA0EN WIH C pa3-
JCJIOYHBIX TIOMIAJIOK.

[Ipy mpuMeHEHNH BMECTE C 3aXBaTaMHM Ha HEYNPABISIEMOM TIOJIBECE
YIIOPOB Ha CTPeJie W PYKOSITH TOSBIIIETCS BO3MOXKHOCTH OpaTh JUIMHHBIE
OpeBHA U XJIBICTBI BHE TIJIOCKOCTHU UX IIEHTpA TsDKECTU. B 3TOM cirydae rpy3
o0pa3zyeT ¢ paboyuM 000pyAO0BaHUEM JIMOO )KECTKOE 3BEHO (IIPU HATUMYUU
HEMPUBOJHOTO yIopa Ha TOM K€ 3JeMEHTe padouero o0opyaoBaHUs, TAE
3aKpeIvieH 3aXBar), JM00 MEXaHU3M C OJIHOM CTENeHbI0 CBOOObI (TIPH HC-
MOJIL30BAaHUU MPUBOJHOTO YIIOPA).

Cnoco0 ynepskanusi OpeBHa B 3aXBare C yIPaBJISIEMBIM MOJIBECOM Me-
HEe paclpoCTpaHEH Ha MaHUMYJATOpPAX HJsl MOrPY304HO-PA3rPy30UHbBIX
paboT C JIECHBIMH TPYy3aMH, YeM JBa MPEIbITYIINX.

Bwmecte ¢ TeM ympaBisieMbie KJ€IIEeBbIE 3aXBaThl MOTYT BHEAPATHCS B
mTadeNnb MoJl Pa3iIuYHbIMHU YIJIaMHU, U MO3TOMY HUX MOXHO 3(PPEKTHBHO
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UCIIOJIb30BATh B TEXHOJOTMYECKUX MAHUITYJISITOPAX, TaK KaK OHHU IMO3BO-
JISIFOT TOYHO U OBICTPO MOJaBaTh OPEBHA HA TPAHCIOPTEP WM B IPUEMHOE
YCTPOWCTBO CTaHKA.

JIist opreHTalMK 3aXBaTa MPH BBIOJHEHUH TEXHOJIOTMYECKOU orepa-
MM MPUMEHSIIOTCA CIIEIMAIIbHBIE TOBOPOTHBIE YCTPOMCTBA, BPAIIAOIIHE
3aXBaThl BOKPYT MX MPOAOIbHON ocu. OOBIYHO OHHU MPEACTABISAIOT COOOM
MOMEHTHBIE€ THJIPABINYECKUE LWJIMHIPBI UM BHICOKOMOMEHTHBIE THAPO-
nsurateian. [loBopoTHbIE yCTpoWCTBAa TaKOr0 Ha3HAUEHUS B 3apyOeKHOM
MPAKTHKE HOCST Ha3BaHUE POTATOPOB.

OOBIMHO KaxJas (upma IpemyiaraeT HECKOJbKO TaKUX YCTPOICTB,
Pa3JIMYAIOLIUXCSA YIJIOM [MOBOPOTA, Pa3BUBAEMBIM KPYTSIIIMM MOMEHTOM,
HOMMWHAJIBHBIMHA Harpy3kamMm M Maccou. Kak mpaBuio, 3TM yCTpOHCTBa
YHU(PUIIUPOBAHBI U MOT'YT MIPUMEHSITHCS Ha PA3TMYHBIX MOJEISX MaHUITY-
nsTopoB. Macca poraTopa 3aBUCUT OT IPy30MOAbEMHOCTA MAHUITYJISATOpA
1 TpeOdyeMoro yriia moBopoTa 3axBara. Kak mpaBuiio, HEMOJIHOMOBOPOT-
HBIE POTATOPBI MPOILE M0 KOHCTPYKIUHU U JIETYe MOJTHOMOBOPOTHBIX. [Ipu
ATOM yroJ MOBOPOTa 3axBaTa, 00ECIIEUMBAEMBbIII UMH, KOJIEOJIETCS B Ipe-
nenax 3,5 - 5,25 paza. (200° - 300°), uto B OOJIBIIMHCTBE CJIy4aeB yAOBJIC-
TBOPSIET IPAKTUUYECKUM 33]1a4aM.

KpoMe omnucaHHbIX BbIllle pabO4YUX OPraHOB, MOTYT OBITh MCHOJIB30-
BaHbI CIICIMAJILHBIC 3aXBaThl JJIsI PYJIOHOB Oymaru (puc. 4, 1), SIIIUKOB,
MaKETOB, IOCOK M T.J., @ TAKXKE MHOTO(YHKIIMOHAJIbHbIE pPa00OYMe OpraHbl
— XapBeCTEepHbIC TOJIOBKU (pHUC. 4, €) U HaBECHBIC IPOBOKOJBI (puUc. 4, X).
HaBecka Ha MaHMMOYJSATOP TPy30BOro Kproka (puc. 4, 3) MO3BOJSET HC-
MOJIb30BATh JIAaHHBIE MEXAHU3MbI KaK CTPEJIOBbIE KpaHbl. B kadecTBe cre-
IUAABHBIX PA00OYMX OPTaHOB JUIS JIECHBIX IPY30B, HAaBEIIMBAEMbIX Ha TPY-
30BOM KPIOK M TPEOYIOLIUX 3aTpaT PyYHOTO TPyJa, MOKHO Ha3BaTh CTPO-
MOBBIE KOMIUIEKTHI U KJICIIEBBIE 3aXBAThI JIJIsl OTACIbHBIX OpEBEH. JTU He-
MIPUBOJHBIE KIJICHIEBBIE 3aXBAThl MOTYT KPEMUTHCS TAKKE K TPOCY JIEOEIKH
MaHHUIYJSATOPA, €CJIM TaKOBasi UMEETCS, U TOTJla UX MOXKHO HCIIOJIb30BaTh
JUTSl TOATACKUBAHUS OpEeBEH U3 TPYJAHOAOCTYIHBIX MecT. K OpeBHam Takue
3aXBaThl IEPEHOCATCSA BPYUHYIO.

Takum 00pa3zoM, Bce MPOU3BOIUTENN MAHUITYJIATOPOB CO3/IA0T K HUM
Y TaMMy CMEHHBIX pa0O4YMX OpraHoB, YTO SIBJIAETCS HanOOJee MPOCTHIM U
3(PEeKTUBHBIM MMyTEM CO3JaHUS YHUBEPCAIbHBIX CUCTEM MEXaHHU3MOB Ma-
HUITYJISITOPHOTO THUIIA.
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4. MAHATMTYNTATOPHOE OBOPYOOBAHNME,
[MPUMEHAEMOE HA JIECOCEYHbIX,
NNECOTPAHCIMOPTHbIX, JIECOCKITAOCKNX
PABOTAX

4.1. NMpuUMeHeHne MaHUNYNATOPHbIX MaLUWH
Ha necoce4Hbix paboTax

Ha ¢a3ze necocednnix paboT JIeCONPOMBIIIIEHHOTO MTPOU3BOACTBA Ma-
HUITYJSITOPBI ~ TIPUMEHSIOTCS B COCTaBe  BajJlOYHBIX,  BaJOYHO-
MaKETUPYIOMKX, BAJOYHO-TPEICBOYHBIX, TPEICBOYHBIX, CYUYKOPE3HBIX H
CYYKOPE3HO-PACKPSDKEBOYHBIX MAIllMH, PYOWTEIBHBIX MAIllMH, a TakKe B
COCTaBE XapBECTEPOB, MPOIIECCOPOB, PopBaAPACPOB U POPBECTEPOB.

4.1.1. TexHonornga neco3arotoBkyu CUCTEMOW MaLUMH
«XapBecTtep + popBapaep»

[Tpu pa3paboTke maceku CUCTEMOI MallliH «XapBectep + (opBapaep»
BOJIOK pacroJjiaraeTcsi o cepeAuHe naceku. Pa3padoTka maceku ocyIiecT-
BIISIETCS CIeAYyIOIUM 00pa3zoM. O0e mosynaceku pa3padarbiBalOTCs OJTHO-
BPEMEHHO C BOJIOKOM (pHC. 5). JlepeBbsl CIMIMBAIOT U BAIAT NEPIEHIUKY-
JISIPHO BOJIOKY XapBECTEPOM, HO C YUETOM PaCIOIOKEHHUS TPYIII MOAPOCTa
Y MOJIO/THSIKA XO3SIMICTBEHHO IIEHHBIX TTOPO/I.

17 m

Puc. 5. Cxema pa3paboTKu Maceku CUCTEMON MaIlliH «XapBecTep + dhopBapaep»:
1 — pacTymmii nec; 2 — BoJIoK; 3 — xapBecTep; 4 — MakeTbl COPTUMEHTOB;
5 — mopy0OouHbIe ocTaTku; 6 — hopBapaep
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BrinosiHssi OCHOBHBIE TEXHOJIOTUYECKHE OMEpaIiy 0 3aTOTOBKE COpP-
TUMEHTOB B 30HE JICUCTBUS MaHUIYJSATOPA, XapBECTEp HAXOJIUTCS Ha
«TE€XHOJIOTUYECKOW CTOsIHKe». PaboTa XxapBecTepa Ha CTOSHKE BKIIIOUAET
HECKOJIBKO Ollepaluid, U BBINOJIHSIIOTCS OHM B CIEAYIOLIEH IMOCIeq0Ba-
TEJIbHOCTH.

1. Hageodenue xapeecmeprnozo azpezama. IT0 HapaBICHHOE ABUKE-
HUE XapBECTEPHOr0 arperara K JepeBy, MOJICKAILEMY BaJIKE.

2. 3axeam — cnuaueanue. 3aXBaT OCYIIECTBISIETCS Ha BbicoTe (,2—
—1,5 M ¢ nocneayroumM ONyCKaHUEM XapBECTEPHOrO arperara 10 ypOBHS
MpONuJia C OJJTHOBPEMEHHBIM BKJIIOUEHHEM BaJIbIIOB MEXAaHU3Ma MPOTACKHU-
BaHUS U TWJAPOILUIMHIPOB CTPEJIbI U PYKOATH MaHunyJssitopa. Jlo cnvim-
BaHUSI TUAPOLMIIMHIPOM PYKOSTH BBIMOJHSIETCS HATAT JIEPEBA B CTOPOHY
BAJIKK TakuM 0Opa3oM, 4YTOOBI TOCJI€ OKOHYAaHUS CIWJIMBAHUS JIEPEBO
CTAJIKMBAJIOCh B HAIIPaBJICHUM BAJIKU U BBepX. HeoOXxoamMo He JomycKaTh
BBIXO/Ia MWJIBHOM IIMHBI U3 TIponuia sl U30eKaHus e€ 3aKuMa, KOHTPO-
JUPYs BU3yaJIbHO MOMEHT OTPhIBA JEpEBa OT IMHS JIJI1 HEMEIJIEHHOTO BO3-
Bpara muHbl. [Ipu quamerpe aepeBa cBbilie 26 ¢cM B OOJBIIMHCTBE ClTyda-
€B BBITIOJIHSIETCS TTOJIITHIL.

3. Cmankueanue — nepenoc depeea. HanpapieHve cTalkuBaHus Je-
peBa BBIOMpAETCS C YUETOM MECTa MaKEeTUPOBAHUSI COPTUMEHTOB U TpeOo-
BaHUN COXPAHHOCTU JICPEBHEB W MOJAPOCTA, OCTABJISIEMBIX IOCIE PYOKH.
JlepeBbsi MOTYT CTAJIKUBATHCSA B HAMPABJICHUU «OT BOJIOKA» MEPICHANKY-
JIIPHO €ro ocu. JIjis MOBBIMIEHUSI COXPAHHOCTH TMOJPOCTa JIEPEBbS MOTYT
CTaJIKMBAThCSl KPOHOM Ha OyAylIUil BOJIOK, B ATOM CJIy4dae MaKkeThl COPTHU-
MEHTOB OyAyT pacriojaraTbCs MEePIEeHIUKYIISIPHO K BOJIOKY, a MO OCTPhIM
VIJIOM B HEKOTOPBIX CIIydasX — BJOJb Kopujopa. Bropoil cnocod Bayiku
YCJIOKHSIET MAaHUMYJUPOBAHUE COPTUMEHTAMH B IPOIECCE MX YKIIAJIKU B
MaKeThl ¥ TIPU OTPYy3Ke (PopBapiepoM.

[log mepeHocoM aepeBa MOHUMAETCA €ro MEPEMEIICHHS K MECTy
dbopMUpOBaHUS MMAUYKKU COPTUMEHTOB. [lepeHoc MoXKeT HauMHAThCS €IlI€ 10
OKOHYAHUS IMaJICHUS JIepeBa Ha MOYBY, IPYU 3TOM KPOHA MaJaroIIero aepe-
Ba KaK Obl COCKaJIb3bIBAECT MO KPOHAM CTOAIIMX JIEPEBHEB. ITO TpPeOyeT
MEHBIIIUX YCUJIMH, YeM MPOTACKUBAHHWE CKBO3b CTEHY Jieca JiepeBa, yraB-
IIET0 ¥ BCEH KPOHOM HETUISIONIETOCS 32 CTBOJIBI CTOSIIIINX JACPEBHEB U MO/I-
JIECOK.

4. Ouucmka Oepeeébese om cyuves. BBIIEIAIOTCS YETHIPE OCHOBHBIX
crioco0a BBITOJIHEHUS 3TOW ONepaluu:

4.1) oOBIYHO XapBECTEPHBINA arperat U MaHUITYJISITOP HEMOABUKHBI BO
BpeMs 0OpE3KH CYUhEB, a JEPEBO MPOTACKUBAETCS YEPE3 HOXKH BaJIbI[aMU;
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4.2) y nepeBbeB C MYTOBUATHIM PACHOJIOKEHUEM CYUbEB WM KPYII-
HBIMU CYYbsIMU CHJIA TSTW MPOTACKHUBAIOLIETO0 MEXaHM3Ma (BaJIbLIOB) OKa-
3bIBAETCS] HEJIOCTATOUHOM. B 3TOM citiydae Tpedyercsi mpuMepHO METPOBOE
BO3BPATHO-IIOCTYIATENIBHOE ABUKEHUE CTBOJA YEPE3 HOXKU ISl pa3roHa U
OTZIEJICHUSI CYYhEB C UCIIOJIb30BaHUEM HHEpUHH. OCYIIECTBIAETCS TaKOe
JIBUKEHHE 32 CUET PEBEPCUBHOIO JIBIXKEHUS BAJIbLIOB. XapBECTEPHBIN ar-
perar Tak e, KaKk M MpPHU BBHIINOJHEHUU OMNEpAlMU OOPE3KH CY4YbeB IO
NYyHKTY 4.1, HENOJBWKEH M HAaXOAMUTCS HaJ MECTOM IMAaKETUPOBAHUS COp-
TUMEHTOB;

4.3) npu 0o0Ope3Ke CydybeB C KPYIHOMEPHBIX JEPEBHEB HCIOIL3YIOT
croco0, MpU KOTOPOM JI€PEBO OCTAETCS HEMOABMKHBIM (JIEXKAIIUM Ha Ka-
KUX-TO MHUKPOIOBBIIICHUSX HA MOYBE WJIM HA MA4yKax COPTUMEHTOB), a
XapBECTEPHBIA arperar MaHUIyJATOPOM U OJHOBPEMEHHO MPOTAaCKUBAaIO-
IIMMU BaJIbIIAMH TEPEMEILIAI0T BIOJIb CTBOJIA AEPEBa;

4.4) KkpylnHbIE JAEPEBbS C TYCTOM KPOHOW M TOJICTBIMH CYyUbsIMU TpE-
OyI0T mpu 00pe3Ke CyubeB coueTaHus cnocoboB (4.2 u 4.3), T. €. IpHu He-
MOABUKHO JIEXKAILIEM JEepeBe TPEeOYIOTCS BO3BPATHO-NOCTYNATEIbHBIC
JIBUKEHUS XapBECTEPHOT'O arperara.

[Ipn oOpe3ke KpyHHBIX CYyYbE€B HHOIZAa HEOOXOAMMO NEPEMECTUTh
XapBECTEPHBIN arperaT Jajibllle MecTa MNpoIuia, a 3aTeEM BEPHYTh 0OpaTHO
JUIs OTOWJIMBAHUSI COPTUMEHTA. JTO 00€CIIeYMBAET PA3rOH JUIsl TaJIbHEH-
el 00pe3ku CyubeB. BO3BpaTHO-MIOCTYNATENIBHOE JABUKEHUE XapBeCTEp-
HOT'O arperara B mpoiecce oOpe3Ku CydbeB MOKET MPUBECTH K COOIO B pa-
00Te MexaHu3Ma OTMepa UIMH (HETOYHOCTU 3a CUET MPOCKAIb3bIBAHUS).
B 3TOM cityyae BO3MOKEH BapHaHT OOpPE3KU CyYbEB 10 BCEU JJIMHE IepeBa
C MOCTEAYIOIIMM BO3BPAaTOM arperara K KOMJIt0, OTMEPOM JUIMH U PacKpsi-
KEBKOM XJIBICTA.

IIpu pabote xapBectepa B pexxuMe mpoieccopa (00padoTka moBajeH-
HOT'O JIepeBa) 00Ope3Ka Cy4Yb€B MOXKET OCYIIECTBISATHCS OT BEPIIMHBI K
kominto. [locie 3aBepiieHust TakolW OOPE3KH XJIBICT OIYCKAETCS Ha 3€MIIIO
(Opocaetcst), arperaT OBOPAYMBAETCSl CYYKOPE3HBIMH HOKaMH B HaIlpaB-
JIEHWY BEPUIMHBI U XJILICT BHOBb 3aXBaThIBAETCS, HO yKe 3a KoMelib. [loce
OTKOMJIEBKH, IIPU KOTOPOU 3aHYJIAETCS CUETYUK OTMEpPA JJIUHBI, IIPOU3BO-
TUTCSL PACKPSKEBKA XJIBICTA HA COPTUMEHTBI.

5. Packpsascéeka. PackpspkEBKa CTBOJIa B OOJIBIIMHCTBE CIIy4acB
OCYUIECTBIIACTCS MPU COBMEILEHUH 3TOM OIEpalru C OOpE3KOM CYyYhbeB.
Bmecte ¢ TeM HEOOXOAMMO OTMETHTH HEKOTOPbHIE OCOOEHHOCTH, BO3HH-
Kalolue MPHU BBITOJIHEHUH 3TOU ornepanuu. OTKOMIIEBKA, KOTOPYIO MOXKHO
paccMaTpuBaTh KaK COCTABHOM 3JIEMEHT OIEpalid PACKPSLKEBKH, BBIMOJ-
HSETCS BO BCEX CIIydasX IIOCJ€ BalKM C MOANWIOM JJi BbIPABHUBAHMS
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TOpLIA OTIHJIMBAEMOr0 COPTUMEHTA. OTKOMIIEBKY BBITIOJIHSIOT TAKXKE IS
3a/IaHMs] HYJIEBOM OTMETKM Ha CUETUMKE JIJIMHBI [IPU MIEPE3aXBATE XJIBICTA.
OnHako HEOOXOAMMO OTMETHTh, YTO OTKOMJIEBKA MPUBOJIUT K MOTEPSM
JIPEBECUHBI U CHIXKEHUIO ITPOU3BOIUTEIHLHOCTH.

[Ipu packpsKEBKE MOXKET BOSHUKATh HEOOXOIUMOCTh KOPPEKTUPOBKHU
MOJIOKEHHUSI TUJIbI OTHOCUTEIBHO MECTa MPONuia AOMOIHUTEIBHBIM BKITIO-
YEHUEM IIPOTACKUBAIOIIETO MEXaHM3MAa XapBECTEPHOr0 arperara B Ty WU
MHYIO CTOPOHY C LI€JIbIO TIIATEILHOrO OTMEpa IJIUHBI copTuMeHTa. llpu
00pe3Ke CyYbeB C HEMOABUKHOIO JE€peBa MEPEMEIICHUEM XapPBECTEPHOIO
arperara nojayeil MaHUMyJATOpa U MPOTACKUBAIOIIMMHU BaJlbllAMU TOY-
HOCTh OTME€pa JJIMH CHUXKAETCA U 4acTo TpeOyeTcst 0osee MpoaoIKUTENb-
Has KOPPEKTUPOBKA MOJIOKEHUS XapBECTEPHOIO arperara.

6. Ilakemuposanue copmumenmog. Ita ONepalns BbIIOIHIETCA Ta-
KUM 00pa3oM, 4ToObl N30€XKaTh MOBPEKICHUM OCTaBISIEMON MOCe pyOKu
YacTH JIPEBOCTOS U MOJIPOCTA U 0OECTICUUTH YCIOBHS ISl POU3BOIUTENb-
HOM paboThl (hopBapaepa. B xone nakeTupoBaHus pa3HOUMEHHbBIE COPTHU-
MEHTBI YKJIQJIBIBAIOTCS OTJEIbHO. HOTIa BO3MOXEH NEPEHOC OTIHIIMBAe-
MOT'O COPTUMEHTA JIJI YKIIAJKHU Ha JIPYTYIO MOJIYIACEeKy.

7. Yknaoka cyuves. Oniepaniysi BHIITIOIHIETCS C LETbIO OYUCTKHU JIECO-
CEeKH W TOBBIIIECHUSI HECYIIEH CIHOCOOHOCTH BOJIOKA IyTEM 3axBara Kyd
Cy4b€B XAapBECTEPHBIM arperaroM M MEepeHoca WX Ha BOJOK. Bonok mpu
ATON TEXHOJIOTMM MOXKET OBbITh Kak MPSIMOJIMHEHMHBIM, TaK U HENPSIMOJIU-
HEWHBIM BCIIEJCTBUE OTMOaHUs XapBECTEPOM KYPTHH MOAPOCTA, KYPTHUH U
OJIMHOYHBIX JIEPEBHEB MOJIOJHSKA XO35MCTBEHHO LIEHHBIX MOPOJ U APYTHUX
MpEenATCTBUM (00JblINe KaMHU U T.11.). HenpsiMoMHEHbIE BOJIOKH TaKXKe
CHIAIOT BETPOBYIO HArPYy3KY Ha HACAXKIEHUE MTPU HECIUJIOLIHBIX pyOKax.

XapBecTepa, 3aKOHYMBIIET0 padOTy Ha maceke, cMeHsieT (opBapaep.
dopBapiep 3ae3kaet sl Habopa COPTUMEHTOB BIUIYOb JIECOCEKH M IpHU
JBUKEHUH K MECTY Pa3rpy3KH y JIECOBO3HOU JOPOTrH COOMPAET U YKJIAJIbI-
BAET Ma4yKW COPTUMEHTOB Ha rpy30Byto miardopmy. Ilpu sTom, kak mpa-
BHJIO, OCYIIECTBIISIETCS MOJICOPTUPOBKA COPTUMEHTOB. B 3aBHCHMMOCTH OT
KOJIMYECTBA COPTUMEHTOB Pa3HbIX HAa3HAUEHUH, BBIITUIMBAEMbBIX Ha JIECO-
CEKe, U YKCJIa COPTOrPYIII, NOTPYKAEMBbIX Ha rpy30ByI0 iardpopmy ¢dop-
BapJiepa 3a OJIMH MPOXO/JI, ONEepaTop JIOJKEH ONpENeInTh Hayaio Habopa
MayKH, JUIsl TOro YToObl B IIPOLIECCE IBUKECHUS B HAPaBJICHUH yca chop-
MHUPOBATh MOJTHOTPY3HBIM BO3, COOTBETCTBYIOIINI MPOXOAUMOCTH BOJIOKA.

Bricokasi KOHIIEHTpaIMsi COPTUMEHTOB y BOJIOKA U UX Majoe YHCIIO
MO3BOJISIIOT 334 OJIMH MPOXOJl U MPU HE3HAYUTEILHOM PAcCTOSTHUU Habopa
BO3a IPY3UTh COPTUMEHTHI TOJIBKO OAHOW COPTOTrPYMIIbI, YTO 3HAYUTEIHHO
YCKOPSIET pa3rpy3Ky rpy30Boi miaTr(opMbl U IITAOEIEBKY.
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HesnauuTenpHas KOHIEHTPAIUSI COPTUMEHTOB BJOJb BOJIOKA U YUCIIO
coprorpynn (6 u 0oJiee) npeaonpeaessitoT HEOOXOIUMOCTh MOTPY3KHU 3a
OJIMH TIPOXOJ] HECKOJILKUX COPTOTPYIIN MM Jaxke cOopa BCel JIPEBECUHBI.
[Ipu >TOM 3HAYUTENIHLHO YCIOXKHSIETCS MPOIECC PAa3rPy3KU U IITA0EIEBKU
COPTUMEHTOB B CHJIy TOTO, UTO TpeOyeTcsl nepemenieHue gpoppapaepa mMe-
KAy Pa3HOMMEHHBIMU MITAOCIISIMU I COPTUPOBKU COPTUMEHTOB.

IIpu pabote opBapaep ewinonnsem credyrouwue onepayuu B TaKON
MOCJICIOBATEIILHOCTH:

- 3arpy3ka (MomTy4yHasi HeOOJbIIUMHU MadyKaMu 10 2 — 4 1IIT.) COpPTH-
MEHTOB Ha IPY30BYIO IIATPOPMY;

- COPTHPOBKA IO TPYIIAM COPTUMEHTOB NMpU (HOPMHUPOBAHUU TaKeTa
Ha Ipy30Boi matdopme;

- MOJIBO3Ka (Tpesi€BKAa) COPTUMEHTOB K JIECOBO3HOM JIOPOre;

- pa3rpy3Ka u mrabdenéBKka COpPTUMEHTOB BOJIM3H JIECOBO3HOU JIOPOTH.

- 3arpy3Ka JeCOBO3HOI'0 MOJIBHIKHOT'O COCTAaBA.

upuHa maceku MpHU 3TOM TEXHOJIOTMH COCTaBJSET aBa d(PPEKTHUB-
HBIX BBUIETa MaHUITYJIATOPA XapBeCTepa.

JlanHast TeXHOJIOTHs pabOTHl TO3BOJISIET XapBECTEPY COCPEAOTOUUTH
Ha BOJIOKE OOJIbIIIEE KOJIMYECTBO MOPYOOUHBIX OCTATKOB, YTO MPEIANOYTH-
TeJIbHEE HA TPYHTaX C HEJIOCTATOYHOW HECYIIEH ClIOCOOHOCTHIO.

4.1.2. TexHonorna neco3arotoBky cMcTtemMowm MmalluH
«bl + dopBapaep»

3aroroBKa COPTUMEHTOB MPHU CIUIONIHBIX PyOKax AETUTCs Ha TpH (da-
3bl: pa3pyOKa Mace4yHoro BOJIOKA, pa3pyOKa JIEHT, IPUMBIKAIOIIUX K BOJIO-
Ky, pa3pyOKa JaJIbHUX OT BOJIOKA JIEHT (pHuC. 6).

Ha nepesoii ¢haze panbuyk HaunHaeT paspyoKy IaCEYHOrO BOJIOKA C
JanbHEro KoHia naceku. llepBbie nepeBbsi yKIAAbIBAIOTCS MO CTOPOHAM
TaK, 4TOObI HE MOMACTh 3a TPAHMIIBI ACIIHKU. Bee nmocnenyronime nepeBbs
yKJIaabIBalOTCs (puc. 6, a) BIOJIb OCH BOJIOKA. Banka nepeBbeB UIET ¢ y4é-
TOM PaCIIOJIOKEHHUSI TPYIII MOIPOCTa U MOJIOAHSKA XO3IMCTBEHHO LIEHHBIX
IOPOA.

Yepes 50 M 3a BabIIMKOM HAYUHAIOT PA0OTY 00pe3urKH cyubeB. Cyubs
o0pe3atoT OT KOMJIS K BepIIMHE. MeNKre Cyubs Cpe3aroT IUIaBHBIM Hempe-
PBIBHBIM JBHKEHHEM MBI Cydbsi TOJMIIMHON Oojiee 12 cM COMIMBAIOT pas-
JIMYHBIMU PUEMAMU: TIOBOPOTOM ITUJIBI, TOJIPE30M B JIBA IIpHeMa U Jp.

CTBOJIBI OT Cy4b€B OUYMIIAIOT B COOTBETCTBUU C TPEOOBAHUSIMHU T'OCY-
JApCTBEHHBIX CTaHJIAPTOB Ha KPYTJble JECOMAaTepHalbl JIMCTBEHHBIX U
xBOMHBIX TTOpoJ1 (TOCT 9462-88 u 'OCT 9463-88).

3a oOpe3unkamu CyuybeB UAYT packpspKeBIIUKU. [lepen packpsikeBKoM
XJIBICT TIIATEJIBbHO OCMAaTPUBAIOT JUIsl BBISBICHHS €ro 0COOEHHOCTEH (I10-
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poJa, KpUBU3HA, COEKUCTOCTh CTBOJIA) M MTOPOKOB JApeBecHHbL. OOpe3unk
CY4YbE€B 3aKpEIUISET Ha Cpe3e AepeBa KOHEIl PYJIETKU U, IBUTASICh OT KOMJIA
K BEpUIMHE, MPOU3BOJUT OTPE3 OTMEPEHHOr0 pyJieTKoi OpeBHa. Pynerka
MOCJIe OTMETKH aBTOMAaTUYECKH CKPYyYHUBAETCsl HA OapabaH U UCTOIb3YyeTCs
JUTISL OTMEPA JIMHBI CIENYIOIIET0 COPTUMEHTA. J{J1si CHUKEeHHS IOTeph Jipe-
BECHHBI JJIMHY COPTUMEHTOB YCTAaHABJIMBAIOT B COOTBETCTBHM C IpPEIY-
cmoTpeHHbiMi ['OCToM nmpumyckamu, MOCKOJBKY MPH €€ 3aHUKEHUU HX
OTHOCST K TpyINIe KOPOTKOMEPHBIX COPTUMEHTOB, a MPHU 3aBbIIIEHUU — W3-
JIMIIEK HE YYUTHIBAIOT.
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Puc. 6. Cxema pa3zpabotku naceku cuctemoit MamuH «bI1 + dopBapaep»
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OKOHYaHUE PUCYHKA:
| — maceuHsbIil BOJIOK; 2 — IpaHUIIa MACEYHOI'O BOJIOKA; 3 — IPaHMIIA [TACEKH;

4 — rpaHuIa JEHTHI; 5 — MaruCTPAJIbHBIN BOJIOK; 6 — IPaHUIIA MArUCTPAIbHOTO BOJIOKA;
7 — BaJBIIMK; 8 — pacTylee AepeBo; 9 — nmoBasieHHOe aepeBo; 10 — 0Ope3unk CydbeB;
11 — xueicT; 12 — nenp; 13 — popBapaep; 14 — nopyOounbie octaTku; 15 — COpTUMEHT;

16 — rpanuIia MOTPy304YHOTO MyHKTa; 17 — mrabenb COpTUMEHTOB; 18 — 1eCOBO3HBIH yC;

19 — packpspkeBIIMK; 13 — X00ocTON X0 (hopBapaepa; W — padouuii xox ¢hopBapaepa

ITocne monHOM pa3pyOKu MaceuyHOro BOJIOKA BAJIBIIUK MEpeMeEIIaeTcs
Ha CIICIYIONIYIO MAaceKy, a 32 HUM OOPE3YUKHU CYYbEB U PACKPSKEBUIUKHU, a
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dbopBapep HaYMHAET CBOIO pabOTy Ha pa3pabOTaHHOM BOJIOKE (pHC. 6, 0).

CopTUMEHTHI TIPH ABIKEHUH K MECTy HaOOpa Mavyku CABUTaroTcs (Hop-
Bap/IEpPOM Ha TPaHUIIBI BOJIOKA, OCBOOOXKIasl Mpoe3l. 3aKOHYHB cOOp cop-
TUMEHTOB, OH JIBUKETCS Ha MOTPY304HBIN MMYHKT, PACIIOIOKEHHBIN y JIeco-
BO3HOI'O yca, IJIe OCYIIECTBIISET pa3rpy3Ky B 1ITadesb (MpyU HEOOXOIUMO-
CTH C COPTUPOBKOM COPTUMEHTOB IO IMOPOAaM).

Kak tonpko ¢opBapaep 3akaHUMBaEeT cOOp XJIBICTOB Ha pa3padoTaH-
HOM BOJIOKE, OH TMEpPEMEIIAETCS Ha CICAYIONINHN, a BAIBIIUK U 00pE3UUKU
Cy4bEB — Ha MPEABIAYIIYIO NaceKy (puc. 6, r).

Ha emopoiti ¢haze sanpiyk HaumHaer pa3pyOKy JIEHT HPHMBIKAKO-
IUX K BOJIOKY (pHC. 6, B).

[Tpu mupuHe naceku 10 35 M ee pa3paboTKa BEJETCA MO0 y3KOMACEeUHOM
TEXHOJIOTUM TPeMs JICHTaMH. Y 3KOMaceuHasi TEXHOJIOTHUS 11eJ1Ieco00pa3Ha B
HACaXKJIEHUSX CO CJIa0boi Hecylled CIoCOOHOCThIO TpyHTa B S-i rpymime
TUTNIOB Jieca TIPU TPEJEBKE XJIBICTOB, OHA TIO3BOJISIET OOECICYHTH
COXPAaHHOCTh UMEIOIIETOCA MOAPOCTa Ha noJrynacekax 10 80% 1 BO MHOTHX
CIIydasix MCKIIOYUTh HEOOXOJMMOCTh OYUCTKHU JIECOCEKH OT MOpPYOOUHBIX
OCTaTKOB. Bampluk, nepememasch MOmepeK JEHTHI, BaJUT IMO0YEPETHO
JIepeBbsl B MPOCBETHI MEXKIY OCTaBISIEMBbIMU JEPEBbSIMU TaKUM 00pazoM,
YTOOBI KaK MO>KHO OOJIbIIIas YaCTh KPOHBI IOMajla Ha BOJIOK, & YIOJl MEXKIY
MOBAJICHHBIMU JIEPEBbSIMU U HAIIpaBJICHUEM BOJIOKA ObLT He Oonee 35°. [lpu
ATOM Ha HaNpaBJICHUE BAJIKW BJIMSIET PACIOJIOKEHUE OTACIbHBIX TPYII U
KYPTHUH TIOJIPOCTA.

Oc00€eHHO BaKHO TO, YTO OOPE3UMKHU CYYbEB B 3HAYUTEIILHON CTEIIEHU
OCBOOOXAIOTCS OT cOOpa MOPYOOUHBIX OCTAaTKOB - HanOoJiee TPYAOEMKOM
paboThI, 0COOEHHO B 3UMHEE BpEMsl, KOT/Ia IEPEIBUKEHNE B CHETY 3aTPY/I-
HUTEIHHO.

[Ipu mmpune mnaceku cBbiue 40 M ee pa3paboTka BeAETCS MO
CpeIHemaceyHol  TEXHOJOrMM  TsAThio  JieHTamu.  CpemHemnacedHas
TEXHOJIOTUSI PACCUMTaHa Ha IPUMEHEHHUE B HACAKICHUAX 2-U U 4-U rpynn
TUTIOB Jieca C BBICOKOIPOM3BOAMTEIHHBIMU JPEBOCTOSIMU (3amac Oolee
200 m’/ra). Iocime paspaGOTKM BOJOKA BAlKy MPOU3BOIAT HA JICHTE
IIMPUHOW MPUMBIKAOIEH K HeMy. [Ipu aTOM Baska BEOETCS MO yIiioM JI0
20° x BoJIKY (puc. 6, B, I).

CoOumronast 0e301acHOe pacCTOSIHUE, 32 BaJBIIMKOM HUIYT OOpE3UMKHU
CY4YbeB U PACKPSHKEBILIUKH.

dopBapiep OCYIIECTBISET COOp COPTUMEHTOB Ha BOJIOKE. 3aKOHYMB
cOOp BCEX COPTUMEHTOB, (hopBapAcp MepeMeniacTcs Ha MPEAbIIYIIYIO Ta-
CEKY, a BAJIBIINK, OOPE3YNKN CYyYheB M PACKPSDKEBIIUKY — HA CIIEIYIOIIYIO
(puc. 6, T).

Banbiumk, 00pe3unky CyubeB U PaCKPSIKEBIIHUKH MPOIOIHKAIOT paspa-
0aTbIBATh JICHTHI, IPUMBIKAIOIIUE K BOJIOKY, a (popBapAep COOMPAET COPTH-
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MEHTBI ¢ OJIMKHUX JICHT Ha MPEeIbIIylleld nmaceke. 3aKOHYMB cOOp COpTH-
MEHTOB, (popBapep MnepeMeniaeTcsi Ha CIEAYIONIYI0 MaceKy, a BaJIbIIHK,
00pe3uYnK CydbeB M PACKPSIKEBIITUK — HA TIPEABLTYIIYIO.

Ha mpempveii haze Banbiuk HaunHaeT pa3pyOKy JEHT, JaIbHUX OT
BOJIOKa (puc. 6, ). Banka Benercs nmox yriiom A0 45° k Bojioky. JIeHTHI pas-
pabaThIBAIOT OOYEPEAHO, MPUIEM JICPEBhS BAIATCA HAa U3PSKCHHYIO 9acTh
MaceKu BEPIIMHON Ha BOJIOK (puC. 6, 1, €, XK, 3). Cobmrogast 6e30macHoe pac-
CTOSIHHE, 32 BAJIBIIIMKOM HIyT OOPE3UYHKH CYyUbeB U PACKPSIKEBIIMKH.

@dopBapaep coOupaeT COPTUMEHTHI CHepBa Ha ONMKHHUX JIEHTax
(puc. 6, 1), 3aBepuIMB pabOTy C OJMKHUMHU JIEHTaMH, MEpeMeNaeTcsl Ha
MPEbIAYIIYIO0 MaceKy (BOJIOK), a BAIBIIUK U 3aT€M OOPE3UHMKH CYyYbE€B U
PACKPSHKEBIIMKK MPUCTYHAIOT K Pa3padOTKe AAIBHUX JICHT CJIETYIOIIETO
BOJIOKA (puc. 6, e).

dopBapaep HauMHAET COOP XJBICTOB HA JAJIbHUX OT BOJIOKA JIGHTaX.
[Tpy HEOOXOAMMOCTH OH TOATACKUBACT JICPEBhS BEPIIMHONW K BOJIOKY JJIS
obecrnieueHust y00cTBa pabOThl 00pe3UnKaM Cy4dbeB (OCTaBJICHUS CYYhEB
Cpa3y Ha BOJIOKE), JIBUTasCh ¢ Havajia Bojioka (puc. 6, e, k). [locme yvero
dbopBapaep BO3BpallacTcsl Ha UCXOIHYIO MTO3UIMI0O U HAaUMHAEeT cOop oOpa-
30BaBIINXCS COPTUMEHTOB U C JICHT, MPUMBIKAIOITUX K BOJIOKY.

[Tocne 3aBeprieHNsT OCBOCHHS JAbHUX JICHT BCE BHOBH ITOBTOPSETCA.
ITocne BBIBO3KM COPTUMEHTOB MaceKa OCTaETCsl YMCTOHM, HE TpeOyroliei
JTOTIOJTHUTEIHLHON OYUCTKH.

Kpome Toro, MaHUITYISITOPHBIE MAalTUHBI UCIIOIL3YIOTCS U Ha TIOTPY3-
K€ 3arOTOBJICHHOM JPEBECHHBI Ha MTOJABMKHOM COCTaB JIECOBO3HBIX JOPOT U
Baronsl OAO PXX/I [13].

Ilpu noepyske aémonoe30a MaHWUMYJIATOPHBINA IIOTPY3UYUK TPY3UT
COPTUMEHTBI Ha TPAHCIIOPTHOE CPEJICTBO C UX pazBopoToM Ha 90° (puc. 7).
C omxHO# CTOSTHKM MaHUIYJIATOPHBIM MOTPY3YHK MOXKET 3arpy3uTh OT OJ-
HOM 710 HECKOJIbKUX TPAHCIIOPTHBIX €IUHUII.

|

‘E[i [— \

Puc. 7. Ilorpy3ka COpPTUMEHTOB HA aBTOMOE3/:
1 — MaHUNYJSATOPHBIN NOrPy34YHK; 2 — IITA0ETh COPTUMEHTOB; 3 — aBTOIMOE3]]
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MaHUnyasSTOPHBIA TMOTPY3UYMK MOXET OCYIIECTBISATh IOTPY3Ky B
nonyBaronsl  PJ)KJI. Ilpm »3TtoM mpomecc mnpoTekaeTr 1O CXEME,
n300pakeHHO Ha puc. 8. B Hacrosmiee Bpemsi Tapu(bl Ha MEPEBO3KY
IPY30B JIOBOJBHO BBICOKM. I[l03TOMy COpPTHMEHTBI, YIOXEHHBIE B
MOJIyBaroHbl, JTOJDKHBI MAKCHUMaJbHO IJIOTHO MpUJIEratb IpPYyr K IpYTYy.
JUia yBenuueHus 0030pa MecTa 3arpy3Kd IOTPY3UMK pacIlOJIOKEH Ha
CIIeMaIbHOM NOTPY304HOM dcTakaze [ 14].

Puc. 8. Texnonornueckas cxema y3ia HOTrpy3KH rOTOBOM IpoayKuuu B BaroHsl P2K/I:
a — Morpy3Ka KpyrJbIX JiecoMaTepuasoB; O — Morpy3ka MakeToB MHJIOMaTEpHUaIIOB;
1 — MaHUIYJSATOPHBIN NOrPy34YHK; 2 — ITA0ETh KPYIJIBIX JIECOMATEpUANOB; 3 — IITa-
Oenp mioMatepuanoB;4 — noayBarod PXX]I; 5 — morpy3ounas sctakana

K nonoxurenbHbIM PakTopam NpUMEHEHU MAHUIYJISATOPHBIX MAIIUH
Ha (haze JIeCOCEYHBIX PadOT MOXKHO OTHECTH MOBBIIICHHE d(DPEKTUBHOCTH
TEXHOJIOTMH JIECOCEYHBIX PabOT M HaJIMYME MAHUMIYJSATOpa C OOJBIINM
BBUJIETOM, YTO PACIIUPAET TEXHOJOTMYECKHE BO3MOXKHOCTU IPHU BAJIKE U
GbOpMUPOBAHUM TPY30BOr0O IAKETa, IMO3BOJISIET OCYIIECTBUTH 3(PhEKTHB-
HbI TMEpexoJ] Ha 3KOJIOTM3MPOBaHHYIO TexHoJoruw. Henmoctatkamu
MaHHUMYJSTOPHBIX MAIlWMH SABJISIIOTCA HMX BBICOKAs JIHEPrOEMKOCTh H
CTOMMOCTb CAMOW MAaIlIUHBL.

4.2. MNpMeHeHne MaHUNyNATOPHbIX MaLUUH
Ha NecoTpaHCnopTHbIX paboTax

Ha BbIBO3KE Jieca MAaHUNYJIATOPHOE OOOpPYIOBAHUE MPUMEHSETCS B
COCTaBE JIECOBO3HBIX aBTOMOE370B. ABTOIOE3/1a ¢ THAPOMAHUITYJIATOPAMU
bopMUPYIOTCS TI0 pa3IMUHbBIM cxeMaM (puc. 9). Jliis o0ocHOBaHUS ONTH-
MaJIbHOM KOMIIOHOBOYHOW CX€MbI HEOOXOAHMMO IMpOaHaJIU3UpOBaTh aBTO-
Moe3/ia Mo napaMeTpam, BIUSIONIMM Ha IMPOU3BOAUTENBHOCTH BHIBO3KH. K
TaKUM IIapamMeTpaMm MOKHO OTHECTH I'Py30I10AbEMHOCTh, MAHEBPEHHOCTH U
MECTO YCTAaHOBKM MAaHMITYJISITOpa Ha 0a30BoM aBTomoOue [15].
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Puc. 9. CxeMbl aBTOIIOE3/10B ¢ THAPOMAHHUITYIATOPAMMU:
a — aBTomoe3] 1-ro Tuma; 0 — aBTomoe3 ] 2-ro TUIIa; B — aBTONOE3/ 3-T'0 THIIA;
I — aBTonoe3]1 4-To THIIA; J — aBTOIIOE3] 5-T0 THIIA; € — aBTOMOoe3 ] 6-T0 THIIA;
’K — aBTOII0E3] 7-r0 THIIA
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[lepBblii THIT aBTOMOE3/1a (pUC. 9, 4) COCTOUT U3 JJIMHHOPAMHOTO aB-
TOMOOWJISL M JIBYX- WJIM TPEXOCHOro mpuuena. MaHumysiasTop ycTaHaBIIu-
BaeTCsl Ha KOHIIE paMbl aBTOMOOWJIS. DTa cXeMa aBTONOe3/a MO3BOJISET
BECTH TOTPY3KYy IpuIEena 0e3 €ro OTLENKA MaHHUITYJISITOPOM MEHBIIEro
BBLIETA.

IToe3zn BTOporo tuma (puc. 9, 0) cocToUT U3 IJIMHHOPAMHOTO
aBTOMOOWJISI M JBYX- WM TPEXOCHOro Impuuena. MaHUITyIsSTOp
yCTaHaBIIMBaeTCs 3a KaOuHOW. OJHAKO MpHU MOTrpy3Ke COPTUMEHTOB Ha
npuien HeoOXOUMO yBEJIMYUBATh BBUJICT MAHUIYJSATOPA WIW OTIEIIATH
MPULEI U YCTAHABJIMBATH €0 PSAIOM ¢ aBTonoe3aoM. [Ipu ucnonb3oBaHuu
aBToOMnoe3/1a 0e3 Mmpuierna HeJJOMCIOJIb3yETCs €ro TPy30I10AbEMHOCTb.

ABToOmoe3a TpeTbero tTuna (puc. 9, B) COCTOUT U3 CEIENIBbHOIO TAraua,
OJIHOOCHOT'O TOJIYIPHUIENa U ABYXOCHOrO Ipuuena. MaHumynsarop ycra-
HABJIMBACTCS B 3aJHEHM 4YaCTH IMOJyHpuUIlena. JTa cXeMa aBTOIOe3/1a
MO3BOJISIET TPY3UTh NpHUIIETT 0€3 €ro OTHENKH U C MEHBIIMM BBLJIETOM
MaHunyJsTopa. OgHaKo M3-3a MHOTO3BEHHOCTH aBTOMNOE3/a 3aTPYAHEHO
JIBWKEHUE €T0 3aHUM XOJI0M.

ABTomoe3s1 4yeTBepTroro tuma (puc. 9, r) COCTOUT U3 CEIEIIBLHOTO
TAra4ya, OJJHOOCHOTO MOJYTIPHUIIETIAa U IBYXOCHOTO Tpullena. MaHUIyasaTop
yCTaHaBIIMBaeTCs 3a KaOuHOW. OJIHAKO MpHU MOTrpy3Ke COPTUMEHTOB Ha
npuilen HeoOXOUMO yBEJIIMYUBATH BBUJICT MAaHUIYJSATOPA WIW OTIEIUIATDH
MPULEI U YCTAHABJIMBAThH €0 PSAIOM ¢ aBTonoe3aoM. [Ipu ucnonb3oBaHuu
aBTonoesa 0e3 mpullena HEJOMCIOJIb3YEeTCSl €ro TIPy30HO0JIbEMHOCTb.
HenmocratkomM  aBTomoe3ga  SIBJIIETCST  TakK€  MHOTO3BEHHOCTb,
3aTPYAHSIONIAs IBXKEHUE €0 33 THUM XOJIOM.

ABTOMOE3]1 ATOro TUNa (pUc. 9, 1) COCTOUT U3 CEACIBLHOIO TAraya u
JBYXOCHOTI'O MOJYIPHUIIETIA, JJIMHA KOTOPOIO MO3BOJIAET IPY3UTh ABE MaYKH
COPTUMEHTOB JUIMHOU A0 6,5 M. ['uIpoMaHuUIyIATOp pa3MeniaeTcs B Cpei-
HEM YaCTH MOJIYIIPULIETIA.

ABTOMOE3]] MECTOTO TUIIA, TPUMEHIEMbIA Ha BBIBO3KE IMOJIYXJIBICTOB
U XJbICTOB (pucC. 9, €), COCTOMT W3 JICCOBO3HOTO Tsraya W IpHUIlCIa-
pocnycka. MaHUNyIaTOp HaXoIuTCA 3a KaOuHOoM aBToMooOwmis. Hemocrart-
KOM aBTOIIOE€3/1a 3TOT0 THUIIA SBJIIETCS 3HAYUTEIbHOE HEIOUCIIONb30BAHNE
€ro rpy30M0AbEMHOCTH M3-332 MOTPY3KH TOJBKO OJHOW MAyKW Jecomare-
pHAaJoB.

ABTomoe3s1 ceapMoro Tuma (puc. 9, *) COCTOMT M3 JIECOBO3HOTO
TAraya, MpUIENa-pociycka U ABYXOCHOTO Mpuiiena. MaHumymnsaTop pas-
Meniaercsd 3a kaOuHou Tsrada. Kak u B TpeTbell cxemMe KOMIIOHOBKH, 3a-
TPYJHEHO ero MaHeBpupoBaHue. [Ipu morpyske COpTUMEHTOB Ha MpPHIIET
HE0OXO0/IMMO YBEJIMYMBATh BHUIET MAHUITYJIATOPA WM OTUEIIISATh MPHUIET
Y yCTaHABIMBATbH €T0 PSAJIOM C aBTOMOE3IOM.
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AHanM3 KOMIIOHOBOYHBIX CXEM MOKa3bIBAET, UTO JIJISl BBIBO3KU COPTHU-
MEHTOB B HauOOJbLIEH CTENEHU MOIXOIAT aBTOIOE3/1a MEPBOIO U ISITOTO
TUIIOB, TAK KaK MO3BOJISIOT TPY3UTh MMaYKU COPTUMEHTOB JITIMHOM 110 6,5 M
IIpU HAaMMEHBILIEM BBUIETE MaHUIYyJATOpa. Kpome 3TOro, B yKa3aHHBIX
CXeMaxX MaKCHUMaJbHO MCHOJB3YETCs TPY30M0IbEMHOCTh 0a30BOr0 TpaHC-
noptHoro cpenacrea. [lo yclioBUsIM MaHEBPEHHOCTHM aBTOIOE3/1a IATas
CXeMa SIBJIIETCS ONTUMAIILHOM.

Cnenyer OTMETUTD, UTO pa3MENIEHUE THIPOMAHUITYJIATOPA HAa KOHCO-
JIM paMbl aBTOMOOWJISI MPUBOJIUT K OBICTpOMY €€ pa3pyuieHuto. Ha BbIBO3-
K€ XJIBICTOB M MOJYXJBICTOB HawOOJee paclpOoCTpaHEHa IIecTas cXema
(puc. 9, €), ocHOBaHHAasl HA TPATUIIMOHHOW TEXHOJIOTUU MPUMEHEHHUS TsTra-
4a ¥ npuilena-pociycka.

OO6opynoBaHue aBTOINOE3[la MOTPY304YHBIM CPEJCTBOM HMEET IOJI0-
KUTEJIbHBIC U OTpUIlaTEIbHbIE CTOPOHBI [7]. K mosioxkuTenbHbIM (hakTopam
OTHOCSITCS aBTOHOMHOCTh pa0bOThI, T.€. HE3aBUCUMOCTb OT JIPYTUX MOTPY-
304YHBIX, & B PSA€ CIy4aeB U OT Pa3rpy30YHbIX MEXaHU3MOB, COKPAILICHHUE
MIPOCTOEB B OXKUJAHUU MOTPY3KH U PA3rpy3KH, MOBBIIIEHUE KO3 DULIHEH-
Ta UCIOJIb30BaHUS pabOyero BpEMEHH, CHUKEHUE TPYA03aTpaT U CTOMMO-
CTH TOTIPY30YHO-TPAHCIOPTHBIX pador. K HemocTtaTkaM MOXXHO OTHECTH
YBEJIMYEHUE COOCTBEHHOM MAacChl MO€3/1a Ha BEJIUYHHY MOrPY30YHOIO U
BCIIOMOTI'aTeJIbHOTO 000PYI0BAHMS, YXYAIIEHUE COOTHOILLICHUS TPY30I0b-
€MHOCTEH KOHMKOB aBTOMOOUJISI U POCITYCKa, POCT YAEJIBHOTO pacxoja To-
IJIMBa, HEOOXOJIMMOI0 TOJOBOro Ipolera, M3HOCA IIMH, aMOPTHU3ALMOH-
HBIX OTYUCJIEHUI U CTOMMOCTH BBIBO3KU JPEBECHUHBI, HEOOXOANUMOCTH 00-
Jiee KBATU(PUIUPOBAHHOTO TEXHUYECKOTO 00CITYKHUBAHUS.

4.3. anMeHeHI/Ie MaHNNYNATOPHbIX MallnH
Ha J1eCOCKJ1aCKNX pa60Tax

O030p TEXHOJIOTHYECKUX CXEM HMKHECKIIAJICKUX padOT MOKa3bIBaET,
YTO B HACTOSIIEE BPEMsI MAHUITYJISITOPbI IPUMEHSIOTCS Ha MOJAY€E ChIPbS
Ha MepepaboTKy (B CYUYKOPE3HBIX MU PACKPSKEBOUHBIX YCTAHOBKAx), Ha
COPTUPOBKE KPYTJIbIX JiecomarepuanoB [16, 17]. Ilpumensiembie HA HUXK-
HECKJIAJICKUX OIEpalusiX MAHUIYISATOPbl UMEIOT IIApHUPHO-COUSIEHEHHYIO
1 KOMOMHUPOBAHHYIO KOHCTPYKIHMIO ¢ BbuieToM 3,0 - 12,5 M, rpy30BbIM
MoMmeHTOM 30 - 250 kHwm u yrinom nmosopota ot 180° 10 moJITHOMOBOPOTHOM
Moaenu. Kpome 3TOro, NpUMEHSIOTCS MaHUNYJIATOPbl (POHTAIBHOTO
TUIAa, HE UMEIOIIUE MOBOPOTA B TOPU3OHTAILHON IUIOCKOCTH, HalpUMeED,
JIO-13C [18]. Taxxe 1isi COPTUPOBKHM OpEBEH MOCIIE PACKPSIKEBKA MOXKET
OBITh KCIOJIb30BaHA MEPEABMAKHAS COPTUPOBOYHAS MAIMHA MaHUITYJISA-
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TOPHOI'O THWIIA, KOTOpPasi, YKJIa/ibiBasg OpeBHA B JIECOHAKOIUTEHU, OJJHOBpPE-
MEHHO oOecrieunBaeT (OPMHUPOBAHNE TPAHCIOPTHBIX MAKETOB, MAYEK WIH
MIYYKOB 33IaHHOTO 00beMa U (POPMBI TONEPEYHOTO CEUCHHUS.

Ha puc. 10 mokasan nepeii 8apuanm mexHo102Uu4ecKou cxemol
MMOTOKA HA HUKHEM CKJIaJIE.

MaHunyIaTOpHBIN ITOIPY3YUK OCYIIECTBISET pa3rpy3Ky aBTonoe3aa ¢
KpPYIJIBIMU JiecoMaTtepranamMu (5) mo AByM K3 BO3MOKHBIX BapUAHTOB: He-
MOCPEJICTBEHHO B JIECOHAKONUTENM (9) WM NpU MOJTHOM 3aMOJHEHUU T10-
IPY304HOH IUIOMIAJKHU (TOCIE MEPEMEIICHHs] K COOTBETCTBYIOIIEMY IIITa-
0ento) — B mITadesisa Ha nepepaboTKy Wi B mTadens (3) s mociienyro-
men pasrpy3kud. OJHOBPEMEHHO MAHUIYJISITOPOM TMPU HEOOXOAMMOCTH
MIPOU3BOJUTCS Pa3BOPOT COPTUMEHTOB BEPIIMHAMH B HEOOXOIUMOE MOJIO-
KEHUE.

[logaya KpyribIx JieCOMAaTepuUagoB B JecomnepepadaThIBAIOMINNA 1IeX
OCYILECTBIIACTCS MPOJIOJILHBIM TpaHcropTepoM (7). B cBoto ouepenn, Ha
ATOT TPAHCHOPTEp MOJa4yy OCYHIECTBIISIET M3 JIECOHAKOMMUTENEH CTaluo-
HapHbI MaHUNyasATOp ¢ 30HOM neWictBus (11). [Ipumenenune Ttakoro ma-
HUITYJISITOpa J1aeT Oosiee OBICTPYI0 BO3MOYKHOCTh CMEHBI MOCTYHAIOIIETO
CBIPbSI B IIEX.

[lo Tumy npuMbIKaHUs K TPAHCIIOPTHBIM IYTSIM OOIIETO MOJIb30BAHUS
CKJIaJl, TIPUBEJICHHBI Ha JIaHHOM PHUCYHKE, OTHOCHUTCS K CMEIIaHHOMY
(MpUpETBCOBO-aBTOAOPOKHOMY). Ilorpy3ka KpyribixX JiecoMaTepuanoB Kak
Ha aBTOMOOWJIbHBIN, TaK U JKEJIE3HOIOPOKHBIN TPAHCIIOPT OCYILIECTBIISIET-
Csl TOrpy34uKoM (6 1 16 COOTBETCTBEHHO).

TexHosmornueckasi cxeMa HIKHETO CKJaJla ¢ MCIOJIb30BAHUEM MaHU-
MYJIATOPHOIO MOTPY34YMKa MO3BOJISIET OCYIIECTBIIATH CBOOOJHYIO IUJIaHU-
POBKY CKJIQJICKOH ILJIOIIAIM, pacioaras mradesis, TPaHCIOPTEPHI, TOPOTrH
B HEOOXOJIMMOM IMOCIEA0BATENBHOCTH, U MPUMEHSATh Pa3JIMYHbIE PaIro-
HaJIbHBIE U1 JJAHHBIX KOHKPETHBIX YCIOBHI BapUaHThI pa3MelIeHus: 000-
pyZlOBaHMs, mITa0EIEeH U T.11.

Ha puc. 11 niokazan 6mopou eapuarnm mexHoa02U4ecKou cxemol
MOTOKA Ha HUYKHEM CKJIaJie, TJe OoJbInas 4acTh COPTUMEHTOB, JOCTaBJICH-
HBIX U3 JIECOCEKU Ha CKJaj, MpeaHa3HaueHa Ui nepepaboTKu B JBYXIIO-
TOYHOM JieconepepadaThIBAIOIIEM LIEXE.

TexHonoruueckuii mporecc Ha HUKHEM CKIIaJie ¢ TPUMEHEHHEM Ma-
HUIYJISITOPHOTO MOTPY3UMKa NMPOTEKAET CIEIYIOINUM 00pa3oM. ABTOIOE3]
C copTUMeHTamMH (2) OCTaHaBJIMBACTCS B 30HE JICWUCTBUS MaHHUITYJIATOPa-
norpy3uuka (13).
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Puc. 10. [TepBasg TexHOJOrMYECKask CXEMAa OCHOBHOI'O MOTOKA HA HUKHEM CKJIAJIE:

1 — aBTOMOpora; 2 — tynuk PXKJI; 3 — mrabenst KpyribIX JecoMaTepraioB Ha OTTPY3KY; 4 — mtadenst KpyTibIX JecoMaTepraioB Ha
nepepadboTKy; 5 — aBTOMOE3-COPTUMEHTOBO3; 6 — MAHUMYJISTOPHBINA MOTPY3UUK; 7 — MOJAIONINN JIECOTpaHCTIOpTEpP; 8§ — IECOHAKOIHU-
Tenu; 9 — mrabens OTCOPTUPOBAHHBIX COPTUMEHTOB Ha nepepaboTKy; 10 — 30Ha pabOThl MAHUITYJIITOPHOTO MOTPY34YHKa C OJJHOU
cTOSIHKY; 11 — 30Ha paboOThI CTalMOHAPHOTO MaHUMYJATOpA; 12 — cTeHka ynopHas; 13 — npoTuBonoxapHsiii BogoeM; 14 — norpy3ou-
Had dcrakana; 15 — nomysaron PXK/I; 16 — MaHUITy I TOpHBIN TOTPYy34YMK HA MIOTPY3KE B IOJYBATrOHBI
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Puc. 11. Bropas TexHOIOrHYECKasi CX€EMa OCHOBHOT'O MTOTOKA HA HUYKHEM CKIIAJIC:
1 — aBTOZOpOTa; 2 — aBTOMOE3-COPTUMEHTOBO3; 3 - MAHUIYJIATOPHBIN NOTPY34UK; 4 — MUTATEND; 5 — MITA0Eb KPYIJIBIX JIECOMATE-
puasoB Ha nepepaboTKy; 6 — MOAIOIINI TPaHCTIOPTEP; 7 — JeconepepadaThIBAIONINN 11€X; 8§ — MyJIbT YIPABICHUS MTUTATEISIMU;
9 — mrrabenst KpyIJIbIX JJecOMaTepralioB Ha OTrpy3Ky; 10 — ckpeOkoBbiii TpaHcnopTep; 11 — ckunoBslid morpy34uk; 12 — crenka
onopHas; 13 — 30Ha 1eMCTBUS MAHUITYJIATOPHOTO NOTPY34YUKA C OJHOU CTOSIHKHY; 14 — MpOTHBONOKAPHBINA BOJOEM
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MaHUmyasTOpOM MPOU3BOJIUTCA BBITPY3Ka COPTUMEHTOB C aBTOIOE3-
na. COpTUMEHTHI TE€X pa3MEepHO-KaYECTBEHHBIX TPYIII, KOTOpPbIE Iepepada-
THIBAIOTCSI B JTaHHOE BpEMsI B 1I€X€E, YKJIAJIBIBAIOTCS HA COOTBETCTBYIOIIME
nutarenu (4). OcCOOEHHOCTBIO TaHHBIX MUTATENCH SBISETCS BO3MOXXHOCTh
M3MEHEHUS JUIMHBI TONEPEYHOr0 TPAHCIOPTEPA, SIBISIOIIETOCS COCTABHOM
ero yactelo. boibllias Ux JAJIMHA U BO3MOKHOCTh €€ PEryJIupoBaHus B 3a-
BUCHUMOCTH OT HEOOXOJMMOI'O B3aMMHOI'O PACIIOJIOKEHHS OTHAECIbHBIX Y3-
JIOB TE€XHOJIOTMYECKOr0 MOTOKA Ha HIXKHEM CKJIAJIE TIO3BOJISIIOT CO3/1aBaTh
Ha HUX 3HAYUTEJbHBIA MEXONEPAMOHHBIN 3a11ac COPTUMEHTOB JJIsl TIEpe-
paboTKH, MoAaBasi MX HA MUTATENd HEMOCPEICTBEHHO C aBTOMOE30B, U
TEM CaMbIM YMEHBIIUTh O0bEM I'Py30BOM PadOTHI B LIEJIOM. YTPABJICHHE
paboTol IByX MUTATENEH MO IITYYHOM BbIIau€ COPTUMEHTOB C HUX MPOU3-
BOJIUTCSI OJTHUM OIIEPATOPOM C IMyibTa (8).

COpTUMEHTBI, 110 CBOUM XapAKTEPUCTUKAM OTJIMYAIOIIMECS OT pacIu-
JIMBAEMBIX B JIAHHOE BPEMs B 1I€XE, COPTUPYIOTCSA U YKIIAJbIBAIOTCS B CO-
oTrBeTcTBYIoIKE 1mTadensa (5). Haubosee yacto BCTpedaromIMecss TPyMIbl
COPTUMEHTOB YKJIJIBIBAIOTCS B IITa0eNs BOJIM3M nuTaTeneil. Pexxe BcTpe-
YaeMble NMEPBOHAYAIBHO CKIIAIUPYIOTCA Ha TPY30BYIO MIIATPOPMY MOrPy3-
YUKa U MOCJE MEPEMEILIECHUS €ro K COOTBETCTBYIOLEMY IITA0EIIO CKIIAU-
pytorca. Takke ¢ TOMOIIBI0 MAaHUIYJIATOPHOTO MOTPY34MKa YacTh COPTH-
MEHTOB MOXHO OTTPYXaTh CO CKJIaJa B KPYIJIOM BH/IE.

PaccmaTtpuBaeMas cxemMa OCHOBHOI'O TEXHOJOTMYECKOTO MOTOKAa OCO-
0eHHO 3 (EeKTUBHA MPU HE3HAUUTEIILHOM YHCIIE COPTOPA3MEPHBIX TPYIII
KPYIJIBIX JIECOMAaTEpPHaOB.

Komrekc rpy30noibeMHBIX OIepaluil ¢ mMpoayKIuen jiecorepepada-
TBHIBAIOILIETO 11€XA TAK)KE BBIMOJIHAETCA MOTPY3UYUKOM.

Ha puc. 12 mokaszan mpemut 6apuanm mexHoa02Ui4eckon cxemol
MMOTOKA HA HUKHEM CKJIAJIE.

TexHoMOrnuecKuil MpoIecc MPoTeKaeT CIEeAymUM 00pa3oM. ABTO-
M0e31-COPTUMEHTOBO3 (1) yCcTaHABIMBAETCS B 30HE JIEUCTBUSI MOOMIIHHOMN
ycTaHOBKH (3). COpTUMEHTHI TE€X Pa3MEpPHO-KAYECTBEHHBIX T'PYIIN, KOTO-
pble niepepadarbIBalOTCsl B JaHHOE Bpems B Lexe (14), yknaasiBaroTcs Ha
COOTBETCTBYIOIIME UTATENU U TpaHcnopTepamu (10) mogarorcs B Jiecorie-
pepabaThIBalONIUH 1IEX.

3anac COpTUMEHTOB JUIsl IEPEPAOOTKH B LIEXE YKIIAJBIBAETCS B MEXK-
onepalnroHHbIi mTadens (4). M3 Hero mo mepe HEOOXOAMMOCTH MaHUITY-
JSATOPHBIM MOTPY34UUKOM (6) COPTUMEHTHI MOAAIOTCS Ha nuTaTenu (9) u ¢
HuX 1o Tpancnoprepam (10) B neconepepadarbiBaromumii 1ex. Pacmnomnoxe-
HHUE MEXOTEpaIMOHHOro mTadens (4) HeMmoCpeICTBEHHO PSIAOM C MUTaTe-
asivu (9), B 30HE JEHCTBUS MOrpy3YuKa ¢ OJHON CTOSHKU (6), MO3BOISET
YMEHBIINUTH OOIINI 00bEM TPAHCIIOPTHO-NIEPEMECTUTEIIBHBIX ONEpaluii Ha
CKJIaJIE.
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Puc. 12. Tperbst TeXHONOrHYECKass CXeMa OCHOBHOT'O MTOTOKA HA HUYKHEM CKIIAJIC:

1 — aBTOMOE3/1-COPTUMEHTOBO3; 2 — PEIbCOBBIN MyTh; 3 — MOOMJIBHBIN MaHUMYJATOP; 4 — mTadeNsi MeKONEePallMOHHOTO 3anaca Kpyr-
JIBIX JIECOMATEPUAJIOB Ha MepepaboTKy; S — JIECOHAKOMUTENU; 6 — MAHUITYJIATOPHBIN NOTPY3UUK; 7 — pe3epBHBIE IITA0EIs KPYTJIbIX
JecoMaTepualioB Ha MepepadoTKy; 8 — mTadest KpYTribiX JecoMaTepralioB Ha OTIPY3Ky; 9 — nurtarens; 10 — nogarouuii JecoTpanc-
noprep; 11 — ckpeGKkoBbIi TpaHcnopTep; 12 —30Ha 1eCTBUS MOOMIIBHOM YCTaHOBKH; 13 — 30Ha AEMCTBUS MaHUIYJISATOPHOIO MOTPy3-
YUKa ¢ OJHOM CTOSHKY; 14 — neconepepadaThIBaOmMii 11eX; 15 — mrtadesns TOTOBOM MPOIyKIINH;

16 — ynopHas crenka; 17 — npoTuBonoxapHsiil BogoeM; 18 — ppoHTabHBIN NOrpy3uuK; 19 — nonepeunslilt TpaHcnopTep
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OcranpHble KpyIJible JecoMaTephalbl YKIAJbIBAIOTCA Ha TPY30BYIO
IJIOMIAJIKY MAHUIYJIATOPHOrO MOTPY3YMKa U ITPU NIEPEMEIIEHUU €r0 BIO0JIb
JecoHakonuTesen (5) copTUpyrOTCsa 0 HEOOXOAUMBIM Mpu3HakaMm. U3 Jie-
COHAKOIHUTENEH COPTUMEHTHI MAaHUITYJISITOPHBIM TOTPY3uUKoM (6) TpaHc-
MOPTUPYIOTCS U YKJIA/IBIBAIOTCS 110 COOTBETCTBYIOIINM IITA0OEISIM KaK JJIs
MOTPY3KHU B KPYTJIOM BHUJIE €O cKiana (8), Tak U NpeaHa3HaYeHHbIE JJIs Te-
pepabotku (7), U3 KOTOPBIX OHU NojaaroTcs Ha nutarenu (9). [Ipumenenue
MaHHUMYJSITOPHOTO TOrPY3UYHMKa TMO3BOJISIET OCYIIECTBISATH CBOOOHYIO
MJIAHUPOBKY ILJIOIIAIM HUYKHETO CKJIaZa C yUeTOM €€ (POpMbI U Pa3MEPOB U
CO3JaTh 3HAYUTEJBHBIN 3amac KPYriblX JIECOMATEPUAIOB, MpPeIHA3HAUYCH-
HBIX KaK JJIs IepepabOoTKH, TaK U JUIsl OTTPY3KH.

VYka3zaHHas cxema NpUMEHMMa MpU 0o0Jie€ 3HAYUTEILHOM T'0JIOBOM
rpy30000pOTE CKJa/la MO MOCTYIUJIEHUIO ChIpbs. Mcnoib30BaHWE HAHHOTO
HaOopa 000pyA0BaHUsI MO3BOJISECT MPOU3BOAUTH COPTUPOBKY KPYIJIBIX Jie-
comatepuasioB ¢ Ooibliedl JIpoOHOCTHIO (IO MOpOoAaM, pa3MEpHO-
KaueCTBEHHBIM XapaKTEPUCTHUKaAM, HAa3HAYEHUIO - JUIs MepepadOTKu, OT-
IPY3KHU H T. 11.), @ TAKXKE CO3/aBaTh 3HAYUTEIbHBIA MEXOIEPAIMOHHbIN 3a-
1ac COPTUMEHTOB HEMOCPEACTBEHHO Iepea nurareiasamu (9) nis nmogauu B
neconepepadaThBaOMUN 11eX. OPOHTAIBHBIA NOTPY3YUK BBIOJIHIET BECH
CIIEKTp paldoT, CBSI3aHHBIX C TOTOBOM MPOTYKITUEH.

Ha puc. 13 mokasan uemeepmuvli 8aApUAHN MEXHOJI0SUUEeCKOU
CXeMbl IOTOKa Ha HIXKHEM CKJIAJIE.

MaHuyIaTOPHBIM MOTPY3YUKOM TPOU3BOJUTCS BRITPY3Ka JiecomaTe-
pUasioB C¢ aBTomoe3na (2) HEmocpeJACTBEHHO Ha ceOsi (B MOrpy304HYHO
IJIOMIA/IKY) Wi Ha TpaHcnopTep (6). [Ipu mocTymiennu B 11eX OpraHu3o-
BaHa OoJjiee ApoOHAas COPTUPOBKA JiecoHakonuTeasiMu (5). B 3aBucumoctu
OT pPa3MEpPHO-KAYECTBCHHBIX XapaKTEPUCTUK COPTUMEHTOB, IMOTPY3UHK,
3aM0JIHMB TMOJHOCTBIO MOrPY30YHYIO TUIOHIAJKY, IEpEMEIIAEeT UX B COOT-
BETCTBYIOIIMM ITA0EIb C MOCIIEAYIONIEH pa3rpy3KOi.

Ha puc. 14 mokaszan nsambli 6apuaHm mexHoa02UUecKoU cxemol
MOTOKA HA HUKHEM CKJIAJIE.

[TpuObIBIIMIT Ha ckian aBTonoe3] (1) ¢ HeCOPTUPOBAHHBIMU KPYTJIbI-
MU JieCOMaTepUaliaMyd yCTaHABIMBAETCA MOJ Pa3rpy3Ky B 30HE JEHCTBUS
(6) ManunynsTopHOoro morpysuuka (5). ManumysisiTopoM NpOU3BOIUTCS
pasrpyska JecoMaTepruaioB, pa3BOpOT BEPIIMHAMH UX B HYKHYIO CTOPOHY
U COPTUPOBKA.

CranunoHapHbI MaHUITYIATODP (2) BEJET MoJavy Ha MUTATENb JIECOMa-
TE€PUAJIOB M3 COOTBETCTBYIOLIUX JieCOHAaKonuTenen (4), 00beMbl HAMOJIHE-
HUSI KOTOPBIX MOJAEPKUBACT (PPOHTAIBHBIN MOrpy3duk (3) aubo Hero-
CPEJICTBEHHO MaHUITYJISITOPHBINA MOTPY3YHK.
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Puc. 13. YeTBepras TeXHOIOrHYECKask CX€Ma OCHOBHOI'O IMIOTOKA HA HY)KHEM CKJIAJE:
1 — noparouuii Tpancnoprep; 2 — NUTaTeNb; 3 — CKpeOKOBBIN TpaHCHoOpTep; 4 — aBTOI0POra; 5 — IECOHAKOMUTENU; 6 — COPTUPOBOY-
HBIM TPaHCHIOPTEP; 7 — MPOTUBONOKAPHBIN BOAOEM; 8, 14 — MaHUIYJIATOPHBIN NTOIPY3UUK; 9 — aBTONMOE31-COPTUMEHTOBO3;
10 — mTabenpb KpyIJIbIX JIECOMAaTepUanoB Ha nepepadoTky; 11 — mrabenb Kpyribix JecoMaTepHalioB Ha OTTPY3KY;
12 — tynux P2K/I; 13 — nmorpy3ounas scrakana; 15 — nomysaron PXX/]
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Puc. 14. IIaTas TeXHONIOrMYECKass CXeMa OCHOBHOTO IIOTOKA HA HUKHEM CKJIaJe:
1 — aBTOMOE3/1-COPTUMEHTOBO3; 2 — CTALIMOHAPHBIN MaHUMIYJIATOP; 3 — PPOHTAIBHBIN MOrPy34YHK; 4 — JECOHAKOIUTENH;

5 — MaHHUIYJIATOPHBIN NOTPY34YUK; 6 — 30HA JEHCTBUS MAHUITYJIATOPHOTO MOTPY34YHMKa C OHOW CTOSHKY; 7 — MOAAIOIIUN TPaHCIIOPTED;
8 — mrabesns KpyriblxX JecoMaTepralioB Ha epepaboTKy; 9 — mrabens KpyIriibIX JJECOMATepUanoB Ha OTTpy3Ky; 10 — OyHkep Juist
0Tx0710B; 11 — ckpeOKkoBbIl TpaHcnopTep; 12 — neconepepadaTriBatonuil ex; 13 — 30Ha 1eHCTBUS CTAMOHAPHOTO MaHUITYJISTOPA;
14 — npoTuBoONmOXKapHEI BogoeM; 15 — nurarens
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Kpyrible necomarepuanisl, KOTOPbIE B JaHHBIII MOMEHT IepepadaThi-
BAalOTC II€Xe, YKJIaAbIBaloTCa B muTarens (15) it mogauu mo TpaHCmop-
tepy (7) B JieconiepepadarbiBatonuii mex (12).

Ha puc. 15 mokasau wecmou 8apuanm mexHoa02uveckou cxemol
MOTOKA Ha HUKHEM CKJIaJIe.

[TpuOsiBatomuii mo gopore (1) aBromoesn (2) mpu mojaayde XJILICTOB
cpazy ke Ha nepepaboTKy YCTaHABIMBAETCS HAMPOTUB PACKPSHKEBOYHOU
acTakanbl (5), re ero pa3rpyxaetT MaHUIYIATOPHBIA orpy3urk (3). Eciu
Ha PACKPSHKEBOUHYIO 3CTaKaay He TpeOyeTcs mojiadya XJIbICTOB, MOTPYy3UrK
pasrpyxaet aBTornoes (2) B pe3epBHbIN 3a1ac XJIbICTOB (4).

[Tpu HEOOXOMMOCTH MTOAAYHN XJIBICTOB Ha PACKPSHKEBOUHYIO CTAKATY
MaHUITYJIATOPHBINA MOTPY3YHK MPHUIETUIAET MOMYIPUIICT A TPAaHCIOPTH-
POBKH XJIBICTOB C YJIaJICHHBIX KpaeB mTadess (4).

CopTupoBKa TIOJNYyYEHHBIX B TIPOLIECCE PACKPSHKEBKH  XJIBICTOB
COPTUMEHTOB TPOU3BOAUTCS JIECOTPAHCHOPTEpOM (6) MO JIECOHAKOMU-
Tersm (9).

Yactb COpPTUMEHTOB, 1O CBOMM TapaMeTpaM COOTBETCTBYIOIINX
nepepadaTbiBaéMbIM B JJaHHOE BpeMsi B II€Xe, IIOCTYNaeT, MHUHYA
mTabeeBKy, B JeconepepadaThIBAIOIIMI 1IEX.

Ha cxeme mokazaH BapuaHT yCTAaHOBKH TOJIAIOIIETO JIECOTPAHCIIOPTEpa
NEPIIEHAUKYIISIPHO ~ COPTUPOBOYHOMY  TpaHcmoptepy.  Pa3BopoTHoe
YCTPOMCTBO MPEACTABIIIET CO00M KOHYyCOOOpazHyro Iuiomaaxy. IIpu stom
noaaronuii Tpancroprep (18) pacnomaraercs Ha 1,5 - 2,0 M HUXE copTH-
poBouHOro TpaHcmoprepa (6). Bce copTHMEHTHI, TepeMelaronpecs o
TpaHcroprepy (6) KomjieM BOEpel, ¢ MOMOMIbIO KOHIIEBOTO COpachIBaTENs
MOJJAIOTCS HAa Pa3BOPOTHOE YCTPOMCTBO U C HETO Ha MOJAIOIIIIA TPAHCIIOPTED
(18), mepemernasich Mo HEMy YK€ BEPIIMHON BIEPE/I.

VYknanka madek KpyriblX JiecOMaTepuanoB B IITabess, IMmojavya u3
3armaca Ha mutartens (13) amg mocnedyromed mnepepadOTKH, MOrpy3Ka
KPYIJIBIX JIECOMATepUAIOB Ha TOJBM)KHOM COCTaB OCYIIECTBIISIIOTCS TAKXKe
MaHUITYJIITOPHBIM TIOTPY3UHUKOM.

JlaHHasi cxema HIDKHEro CKJIajga MOXeT ObITh peajn30BaHa II0
pa3IMYHBIM  BapuaHTaM, OTJMYAIONIMMCS B3aMMHBIM  PaCHOI0KEHUEM
OTJEIbHBIX TEXHOJIOTMYECKUX JIEMEHTOB OCHOBHOTO TTOTOKA.

[IpumeHeHre  MAHUIYJSTOPHOTO  TOTPY34YHMKa  TO3BOJIIET  IIPH
HEOOXOIMMOCTH MPOU3BOAUTH TOJICOPTUPOBKY XJIBICTOB NPU UX YKIIAJIKE B
3arac M M3 3amaca Ha PACKPSHKEBKY. OJTO OCOOCHHO BaKHO IS
JIECO3arOTOBUTENLHBIX ~ MPEANPUATHHA, paboTaIUX B CMEIIAHHBIX
JIPEBOCTOSIX, TaK KaK T[O3BOJISIET B TMEPBYIO Ouepelb IoJaBaTb Ha
PaCKPSIKEBKY XJIBICTBI JTUCTBEHHBIX TIOPOI.
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Puc. 15. Illectas TexHONMOrN4YeCKas CXxeMa OCHOBHOI'O IIOTOKA HA HW)KHEM CKJIAJE:
1 — aBTOZIOpOTra; 2 — ABTONOE3I-XJIBICTOBO3; 3 — MAHUITYJIATOPHBIN MOTPY34MK C MOIYNIPULIETIOM; 4 — 3aI1ac XJIbICTOB;
5 — packpsiKeBOYHasl 3CTaKaia; 6 — COPTUPOBOYHBIN TpaHCHOpTEp; 7 — TpaHCHopTep Al yOOPKH IpOB; 8 — KacCeThl C JPOBAMU;
9 — neconakonutenu; 10 — mrabenst Ha OTrpy3Ky; 11 — mrabens Ha nepepaboTKy; 12 — pa3BOpOTHOE YCTPOUCTBO; 13 — nuTaTes;
14 — ckpeOkoBbIil TpaHcnopTep; 15 — ckunosblil norpy3uunk; 16 — tynuk PXX/I; 17 — nonyBaron PXK/I; 18 — noxaromumii Tpancnoprep;
19 — nporuBono)kapHseIil BogoeM; 20 — MAaHUIYJIATOPHBIN NOTPy34HK; 21 — morpy3o4yHast actakaaa
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Ha puc. 16 nokaszan ce0bMotU 8apuanm mexHoJ0SUYeCKOl CXembl
MMOTOKA HA HIYKHEM CKJIAJIE.

Pasrpy3ka aBTonoesna-XJabpiCTOBO3a M M0Jja4ya XJILICTOB Ha 3cTakamy (5)
aHAJIOTMYHBI IEPBOMY BapUAaHTY.

MaHunynsatop  HOrpy3ddKa IPOM3BOAUT  3aXBAaT  BBITWJICHHBIX
COPTUMEHTOB Ha PACKPSHKEBOYHOM SCTAKaJ€ M YKIAAKy YacTH W3 HHUX,
HAXOJAIIHUXCS B €r0 30HE JICHCTBUS C OJAHOM CTOSIHKH, HEMOCPEJICTBEHHO B
mTalensi, a OCTAIbHBIX — Ha Tpy30BYIo ardopmy. [Ipu nepemenienuu no-
Ipy34MKa MPOUCXOIUT BBITPY3Ka 3TUX COPTUMEHTOB B COOTBETCTBYIOLIUE
mtadens (12 w/unm 14) w/nunm Ha nuTaTeny Ajs MOoCIeIyroIeH Mogauu B Jie-
corepepadaThIBAIOIINM 1IEX.

KonudectBo mrrabeneil, pacronokeHue MoIbE3HbIX MyTed U APYroro
000pyIOBaHUSI HA HUKHEM CKJIa/I€ MOKET OBITh CaMbIM pa3inyHbIM. J[JTuHa
nurareneit (11) Moxxer ObITh epeMeHHOM U aocturarh 15-20 M. 910 0bec-
MEYNBACT 3HAYUTEIIBHBIA MEXOMEPAIMOHHBIN 3arac COPTUMEHTOB, MPEIHA-
3HAYEHHBIX I MepepadOTKU B LIEXE, U MO3BOJSIET YMEHBIIUTH 00BEM TIEpe-
IPY304YHBIX OIEpaLMi ¢ KPYIJIBIMH JIECOMaTeprUaIamMH.

MaHunyIsTOpHBIA MOTPY3YMK, KaK U MPU NIEPBOM BapHAHTE, MPOU3BO-
JUT TIOTPY3KY KPYIJIbIX JIECOMATEPHUATIOB HA aBTOMOOMITLHBIN TPAHCIIOPT.

[lonmoxxurenbHble (PaKTOPHl MPUMEHEHHUS] MAaHUIYJISTOPHBIX MAIllMH Ha
JIECOCKJIAJICKMX PadOTax: MaHEBPEHHOCTh, HEOOJbIIAS MIMPUHA KOPHUIIOPOB
MEeXAy Ta0eIsIMHi, XOpolllasi 0030pHOCTh B HANPABICHUH I'Py3a, MEHbIIAs
CTOMMOCTb B CPAaBHEHHUHU C KpaHaMH, KOM(OPTHBIE YCIIOBUS Tpy/a oreparo-
pa. Takume MamMHBI HAxOOAT MPUMEHEHHE HAa BCEX IOIPY30YHO-
MEPEMECTUTENBHBIX padO0TaX, JaXe I BRITPY3KH JIECOMATEPUATIOB U3 BOJIBI.

K HepgocTarkam MOXXHO OTHECTH: CKpPOMHAasi MPOU3BOJUTENLHOCTD NPU
MEPEBO3KE CO CKJIAJIa HA MUTATENIbHBIA CTOJI, HEOOXOAUMOCTh CO3JaHMsI POB-
HOM, TBEPIOM HECYIIEH MOrpy30YHON IJIOMIAAKH, HEOObIIAsl BBICOTA YKIA/I-
ku 1raders. [I[pumeHenre MaHUITYJIATOPOB Ha COPTUPOBKE BO3ZMOXKHO TOJIb-
KO IIPU OAHOPOJHOM IMOPOJHOM COCTaBE, MPHU CIOKHOM MOPOJHOM COCTaBe
HeoOXouMa IpeIBapUTeIbHas OJCOPTUPOBKA ChIPbS WM MAaHUITYJISTOP C
OOJIBIITUM BBUIETOM.

AHanM3 J1€COCEYHBIX, JIECONOIPY30UHbIX U HIKHECKIIAJICKUX padoT Io-
Ka3bIBAET, YTO padoyasi 30Ha MAHUMYJISITOPHON MAIIMHBI HA 3TUX ONEPALIUIX
MIPENCTaBIsIET COO0M OKPYKHOCTh C PaJlyCOM, PAaBHBIM BBUIETY MaHUITYJIs-
Topa. B cymiecTByrommx cxemax TEXHOJIOTMYECKOr0 MPoLiecca MPUMEHSIOTCS
MaHUIYJISATOPBI ¢ BBUIETOM padoyero oprana 3,0-12,5 M 1 yrjaoMm noBopoTa B
TOPU30HTAIBHON TUIOCKOCTH OT 120° 10 MONMHOIOBOPOTHOM Mozenr. Takou
IIMPOKWIN AMAINa30H MapaMeTpoB CBUAECTEILCTBYET O HEOOXOAUMOCTH TeEX-
HOJIOTUYECKOT0 OOOCHOBAHMS BBUIETA U YIJIa MOBOPOTAa MAHUITYJSTOpA IS
Pa3JIMYHBIX TEXHOJOTMYECKUX CXEM JIECOCEUHBIX, JIECOMIOIPY30YHBIX U HUXK-
HECKJIQJICKUX paloT.
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Puc. 16. CenpMas TEXHOIOTMYECKAsI CXeMa OCHOBHOT'O MIOTOKA HAa HUKHEM CKJIAJIE:

1 — aBTOHOpOTra; 2 — aBTONMOE3A-XJIBICTOBO3; 3 — MAHUITYJIITOPHBIN MTOTPY34HK; 4 — 3a1ac XJIbICTOB; 5 — paCKpsHKEBOYHAS 3CTAKA/IA;
6 — IPOTUBONOKAPHBIN BOAOEM; 7 — CKMIIOBBII MOIPy34YHK; 8§ — CKpEOKOBBIM TpaHCHIOPTED; 9 — aBTOMOE3-COPTUMEHTOBO3 M0/
norpy3ky; 10 — kaccetsl ¢ aApoBamu; 11 — nutatens; 12 — mrabens KpyrJibX JiecOMaTepuanoB Ha repepadboTky; 13 — mogaromiuii
TpaHcnopTep; 14 — mrabenst KpyribIX JeCOMaTepHalioB Ha OTTPY3KY
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OpnHako HEOOXOIMMO YYUTHIBaTh, YTO paboTa BEIETCA C TPy3aMH pas-
HOI'O BECA, BIUSAIOIIMMHU HA IPY30BOM MOMEHT MaHUIyIATOpa. I py30Boit
MOMEHT MaHHUITYJISITOPOB, MPUMEHSEMbIX B HACTOAILEE BpEMs B JIECHOU
poMbIIUIEHHOCTH, cocTaBisieT 30 - 317 kHm. B 3aBucumMocty oT TeXHO-
JIOTMM Ha PA3JIMYHBIX BBUIETAX MAHUMYJSATOPA MOJHUMAETCS OINpPEICIICH-
HBIN BEC TPy3a.

Pa3nooOpa3ue TEXHOJOTMYECKUX CXEM C UCIIOJIb30BAHUEM MaHMUITYJIS-
TOPHBIX MalllMH CBHUJIETEIILCTBYET O HEOOXOJUMOCTH Pa3pabOTKU TEXHOJIO-
TMYECKH OOOCHOBAHHBIX MApaMETPOB MAaHUMYJIATOPOB, TMO3BOJISIOLUIUX
MPUMEHSTh UX TAK)KE Ha TEX ONEPALMSIX JECONPOMBIILIEHHOTO TPOU3BO/I-
CTBa, Ha KOTOPBIX B HACTOALIEE BPEMsI MAHHUITYJISITOPHBIC MAIMHBI HE
MPUMEHSIOTCSA M3-32 OTPAHUYEHHBIX TEXHHMYECKUX BO3MOKHOCTEH MaHU-
MyJIATOPHOro 00opyaoBanus. K Takum onepanusM MOXHO OTHECTH IOJa-
4y CBHIpbsl B JI€peBOOOpAOATHIBAIOLINE LEXHU, MO3BOJSIONIYIO MPOBOAUTH
MpEeABAPUTEIBHYIO COPTUPOBKY M MOJIaBaTh Ha MepepadOTKy ChIPhE C OIl-
pEIEICHHBIMH Pa3MEpPHO-KaYECTBEHHBIMU XAPAKTEPUCTHUKAMH, a TaKXKe
MOrPy3Ky IakeToB nuiioMarepuasioB B Baronsl PXKJI. Omgnako s 3Toro
Heo0XxoarMa pa3padOTKa HOBBIX TEXHOJOTMYECKUX CXEM C MCIOJIb30BaHU-
€M MaHUITYJISITOPHBIX MEXAHU3MOB.

3amMeHa TPaJIUIMOHHOIO O0OPYIOBAHUS HAa MAHUITYJISITOPHOE NOTpE-
OyeT UX CpaBHEHHUA IO MPOU3BOAUTEIBHOCTH U 3aTparaM Ha BBINOJHEHUE
omnpeaeeHHoM oneparuu. Takum o0pa3oM, HEOOXOIUMO TEXHOJIOTUYECKHU
000CHOBAThH MapaMeTPbl MAHUIYJATOPA U UCCIIEIOBATh €ro padoTy B TeX-
HOJIOTHYECKOM ITPOLIECCE.

5. MATEMATUYECKOE OTMMCAHUE
PABOUYMX 30H TEXHOJIOM'MYECKUMX
OMEPALUNN MAHUMYNATOPOB
B NECHOW MPOMBbILWLNEHHOCTW

IIpy  BBINOJHEHWU  TOTPY30YHO-PA3TPY30YHBIX,  COPTUPOBOYHO-
TA0CJIEBOYHBIX U TPAHCTIOPTHO-TIEPEMECTUTEITBLHBIX ONEPALU JIECHBIE TPY-
3bl TMIEPEMENIAIOTCS B OMPE/ICTICHHBIX 30HaX. Pabouast 30Ha NpeCcTaBiIsieT Co-
00li MHOKECTBO TOUEK B IPOCTPAHCTBE, B KOTOPOM TIEPEMEIACTCS TPY3.

[Ipu morpy3ke XJbICTOB B JIECOBO3HBIC aBTOIIOE3/1a pa3Mephl pabodeit
30HBI HAXOJSITCS B 3aBUCUMOCTH OT IIUPUHBI aBTONOE3/a b,, BHICOTHI aB-
Toroe3aa /1, BBICOTHI IITAOEIA XJIBICTOB /1, JUIMHBI XJBICTOB /,,, MaKCH-
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MaJIbHOTO JMaMeTpa XJbICTAa /,, W PACCTOSHHS MEXIY aBTOMOE3I0M H
mradeneM a (puc. 17).

! i%‘ Ly, lh,: bo | lzm b $ | X

Ly !

X

Puc. 17. Paboyas 30Ha Ha MOTpy3Ke XJIBICTOB B JIECOBO3HBIE aBTOIMOE3 A

Jlnst onncanust GopMbl U pa3MepoB paboOYeil 30HBI Ha MOTPY3KE XJIbI-
CTOB B JIECOBO3HBIE aBTOIIOE3/1a ONPEACIUM KOOPJUHATHI AKCTPEMAIBbHBIX
Touek onuceiBaeMoi 30ub1 (4, B, C, D, E, F, G, H):

T.A(x=0;y=he+ hy),

b 1
B =+ + "+ ; :ha+hxﬂ7
T. B (x 53 ay )

-

b I
C(x=—"+"25y=hy,),
(x S T3 )

-

b
D(x=—"+2+a;y=0),
(x A )

-

b I
E(x=—=2+2;y=h,),
(x St 3 )

-

b
F(x=—=; :ha>
(x Y )

b
.G(x==;y=h,),
(x 5 )

T. H(x=0;y=h,).

CnenoBaTenbHO, MOXKHO OINPEIEIUTh BBHICOTY H, M mupuHy padouei
30HBI B.,.

-
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BricoTta paboueit 30HbI:
H =h +h_
3,0<h <4,0 (5.1)
0,1<h <10

[IIuprHa paboyeii 30HBbI:

-

B =b, +2a+ 2;

2,5<bh,<3,0 (5.2)
0<a<2,0
10,0<7_<30,0

IIpu morpy3ke COPTUMEHTOB B JIECOBO3HBIE aBTOIOE3/a pa3Mephl pa-
0oueil 30HbI HAXOJATCSI B 3aBUCUMOCTH OT IIIMPUHBI aBTomoe3aa b,, BbICO-
Thl aBTOMNOE3/1a /1, BBICOTHI WITAOENS A, MHUPUHBI TAdENs b,,, MaKCH-

MaJIbHOTO JUaMeTpa COPTUMEHTA /. M PACCTOSHUSI MKy aBTOMOE3/I0OM H
mrtadeneM a (puc. 18).

B3
y
L, L,
A B [
/ A he
//F s
H - ] c__
1 T |k,
h| | h& M |
[ | (I | | I [
0 E D %
a ba — — I bulmin

Puc. 18. PaGouas 30Ha Ha MOrpy3Ke COPTUMEHTOB B JIECOBO3HBIE aBTOIOE3/1a

Jlns onvcanus opMbl U pa3MepoB padoueil 30HBI Ha MOTPY3KE COp-
TUMEHTOB B JIECOBO3HBIC aBTOIOE3/a OMPEAEIUM KOOPAUHATHI 3KCTpe-
MaJIbHBIX TOYEK omuchiBaeMoi 30Hb1 (4, B, C, D, E, F, G, H, I):

T.AXx=0;y=h, + h.),

b b
T.B :_a+ﬂ; :ha+h07
(x Sty )

46



OneKTopHHbIN apxuB YITITY

T C(x=—”+%+a;y=hm),
b b
D(x=—t+- 4 g:y=0),
T.D (x 5 5 a;y=0)

=
Iy
~
=
I

b, b,.
_a+ w min 4 ; :O ,
St rasy=0)

-

b b
CF (x =2 umin gy = Y
(x STy )

-

b
.G(x=—=;yv=h,),
(x Y )

.H(x=%”;y=h,<),
T. I (x=0; y = h,).

CnenoBarenbHO, MOKHO ONPeAenuTs H, u B;.
Bricora paboueii 30HbI:

-

H =h +h

3,0<h, <40 (5.3)

0,1<h <1,0
[IuprHa paboyeii 30HBbL:
B =b +2a+Db,
25<bh <30
0<a<2,0
1,0<h <65

[Ipu coptrpoBKe OpeBeH pa3Mephl padoueil 30Hbl HAXOAATCS B 3aBU-
CUMOCTH OT BBICOTHI IPUEMHOTO JOTKA /,,,, BBICOTHI JIECOHAKONUTENS /1,
JUIMHBI JIECOHAKONUTENA [, © MaKCUMaJIbHOTO JAMaMeTpa COPTUMEHTA /i,
(puc. 19).

Jlns onucanust GopMbl U pa3MepoB paboueid 30HbI Ha COPTHUPOBKE
KPYTJIBIX JIECOMAaTEPUAJIOB ONPEIETUM KOOPIUHATHI SKCTPEMAIIbHBIX TOUEK
onuceiBaemoii 30ubl (4, B, C, D, E, F, G, H):

T.AXx=0;y=h,+ h),

T B (v=" s asy = hat ),

(5.4)

T. C(le;" +a;y=0),

T.D(x=a;y=0),
T. E(x=a;y=hy,),
T. F(x=0;y=h,,),
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T.G(x=l;ﬂ+a;y=hm),

T.H(x=%+a;y=h,m+hc).

B,
y
H A B
|
hC
H,
h G F £ h,m
ni,

|

0 D ¢ X
lnfl a a l TH
L, L,

Puc. 19. Paboyas 30Ha Ha COPTUPOBKE KPYTJIIBIX JIECOMATEPUAJIOB

Torna BbicoTa paboyeil 30HbI:
H =h, +h,
1,0<h, <20 (5.5)
0,1<h <1,0

[IuprHa paboyeid 30HBbI:

3

B =l"—”+l“l+2a
2 2

1,0<I <120 (5.6)
1,L0<a<10,0
1,0</ <12,0

IIpu morpy3ke makeroB nuioMarepuanoB B BaroHsl PXK/[ BO3MOXHBI
JBa crioco0a pa3MelIeHUs MaKeTOB — MOIMEPEK U BJIOJIb MAHUITYJISTOPHOTO
MOrpy34uKa.

IIpu pa3MelieHMU MaKeTOB IMOINEPEK MOTPy3urKa pa3Mepbl padodeit
30HBI HAXOJSITCS B 3aBUCUMOCTH OT IIUPUHBI aBTOMOE3/a b,, BHICOTHI Ba-
roHa h,, IMUPUHBI BaroHa b, BBICOTHI MakeTa /,, NJIWHBI Makera [, pac-
CTOSIHUSI MEXK]ly aBTOIOE3/I0M U IMAKETOM d U PACCTOSIHUA OT MOrpy3duKa
1o BaroHa b (puc. 20).

Jlnst onucanusi popMbl U pa3MepoB paboUeii 30HBI HA TOTPY3KE MaKe-

TOB TujioMarepuasioB B Baronsl PJK]I ompenenum KoOpauHATBI AKCTpeE-
MaJIbHBIX TOYEK onucbiBaeMoi 30Hb1 (4, B, C, D, E, F, G, H,I, K, L, M, N):
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-

A x=0;y=he+ hymax),
b I
. B =4 4 :he+hnmax>
(x Sty )

-

b
.C =<4+ +aqa, :hnmaX7
(x ST Tay )

.D(x=%”+l"ﬂ+a;y=0),

-

T
2

T. E (x=-* +Z"%i“+a;y=0),

T. F(x=—"+"+a; V= Nyumin),

-

. G(x:%;y:hg—i_hnmin),
. H(X: O;y:h6+hnmin)>

-

-

-

b b .
1 :_a+ﬂ+b; :he—i_hnmin’
(x St y )

b b
K =—a+ﬂ+b; :hK+hnmin>
(x St y )

T.L(XZ%—bnTmm-Fb-Fbg;y:hK—i_hnmin)a

T.M(XZ%—bnTmm-l-b-i-bg;y:hg+hnmin)>

T.N@:%-b%mmg;y:h6+hnmax).

B3
y
o may L, L,
hnmi — ]
4 1N | A B
[ V7 ./,
’ |/V’ | H G
\
/ hnmax
hg 1 - hnmin
Ly 1K ¢
| | !
hl| . F
A L ||
| E D
I b@ b i a — | lnmin
3100 B Ly max _

Puc. 20. Pabouast 30Ha Ha mOrpy3Ke MaKeTOB MUIoMaTepuaioB B Baronsl PXK/]

IIPpH PACIIOJIOKCHUHU IMAKCTOB ITOIICPEK OCH IMOIrPy3dYHrKa
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Torna BeicoTa paboyeli 30HBbI:
H =h +h
3,0<h <50 (5.7)
0,8<h <13
[IuprHa paboyeii 30HBbL:
B =(/2)-(b /2)+a+b +b +b
2,5<bh, <3,0
0<a<20
1,0<! <6,5 (5.8)
0<H<2,0
3,0<b <40
0,85<h <135

IIpu pa3MelieHUU MAaKeTOB BOJIb MOTPYy3UMKa pa3Mepbl pabodeil 30-
HBbl HAXOJIATCSl B 3aBUCUMOCTH OT IIMPHUHBI aBTONOE3/1a b,, BLICOTHI BaroHa
hs, IIUPUHBI BaroHa b,, BBICOTHI MTaKeTa /1, IUPUHBI TaKkeTa b,, pacCTOSHUS
MEK]1y aBTOMIOE3/I0M U TTAKETOM @ U PACCTOSHUS OT MOrpy34uKa A0 BaroHa
b (puc. 21).

B;

h L L

n mi

n max

3100 = 11 Max

—2 —
3 T

Puc. 21. Pabouast 30Ha Ha moOrpy3Ke MakeTOB MUjIoMaTepuaioB B Baronsl PXK/]
MIPU PACTIONIOKEHUU TTAKETOB BOJIb OCU MTOTPY3YUKa
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Jlnst onucanusi popMbl U pa3MepoB paboUeii 30HBI Ha MOTPY3KE MaKe-
TOB mujioMarepuasioB B Baronsl PJK]I ompenenuM KoOpAauHATBI IKCTpeE-
MaJIbHBIX TOYEK onucbiBaeMoi 30Hb1 (4, B, C, D, E, F, G, H,I, K, L, M, N):
T.A(x=0;y=he+ hymax),

b b
T. B = 4 :hg+hnmaXa
(x ST )

-

b b
.C =4+ " 4q; :hnmaX)
(x St tay )

-

b, b
D(x=—"+""44q;y=0),
(x="r+=204a;y=0)

b. b _
E(x=—+"" 1 a;y=0),
(x="r+=224a;y=0)

-

-

b b .
F(x==2 4+ 4 gy = Rymin),
(x St Y )

. G(x:%;y:hg—i_hnmin),

. H(X: O’y: h6+ hnmin)’
b b
i =—a+ﬂ+b; :he+hnmina
(x St y )

-

-

-

-

b b .
K =—a+ﬂ+b; :hK+hnmin>
(x St y )
b b
T. L =—a—ﬂ+b+b; :hK+hnmin>
(x S 5y )
b b
T.M(x=-%—>" 4 hib;y=hy+ Numin),
2 2
b b
T.N(XZEL’—%-F[)-F[)(;;)/:hg+hnmax)-

Torna BbicoTa paboyeil 30HbI:
H =h +h
3,0<h <50 (5.9)
0,8<h <13
[Iuprna paboyeid 30HBbL:
B =a+b,+b,+b
2,5<b, <30
0<a<2,0 (5.10)
0<H<2,0
3,0<b <4,0
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Jlnst onpenenenus oo1ie padbodeil 30Hbl, KOTOPYIO TOJKEH 00CTYKHU-
BAaTh MAHUMYJISITOP NIPU PadOTE C JIECHBIMU Ipy3aMu, OOBEAUHUM padoune
30HBI 110 BCeM onepanusaM. Tak kak padoure 30Hbl MAaHUIYJIATOPA ¢ 00eux
CTOPOH OT OCH ¥ OJIMHAKOBBI, TO JOCTaTOYHO HAJIOKHUTh BCE YACTH pado-
YUX 30H IO OINEpaIusiM HE3aBUCHMO OT MX PAaCMHOJIOKEHHUS OTHOCUTEIHHO

ocu V. O01as pabouas 30Ha 10 onepaIusM NpeacTaBieHa Ha puc. 22.
y

’///W/AB\ ‘C

;// XS o
/

Puc. 22. O6061ienHas paboyas 30Ha 1O ONEpalusM € JIECHBIMU Ipy3aMu
(pa3pe3, mpaBas 4acTh)

Jnst onucanus oOuiedl paGodeil 30HBI IO OINEpalMsM  ONpPeaeTuM
KOOPJMHATHI dKCTpeMalIbHBIX Touek (A, B, C, D, E, F, G, H), ucnonb3ys
dbopmyibl 5.1 - 5.10:

T. 4 (X = O,y = he + hnmax)»

b 1
T. B =4 — :he+hnmax>
(x STy )

b 1
.C =4 = :ha+hxﬂ9
T. C(x St )

T.D(x=l£” vaiy=hoth),
T.E(x=%”+a;y=0),

b b
F(x=-2+- 4 g y=0),
T. F'(x 5 5 a;y=0)

-

.G(x=%”;y=h,<),
T. H(x=0;y=h,).

[TapameTpsl paboueil 30HBI ONPEACTAIOTCS MaKCUMaJIbHBIMU pa3Me-
paM pabo4MX 30H HAa OTJCJIBHBIX OIEpalMSIX U 3aBUCIT OT MPUHATHIX
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TEXHOJIOTHI TPUMEHEHN MaHUIYyaaTopoB. C IEeNb0 onTUMHU3auu pado-
4ell 30HBI BO3MOXKHO BaphbHUPOBAHHE IMapaMeTpaMH TEXHOJOTHUSCKUX
cxeM. B aToMm ciyuae OyayT co3/laHbl yCIOBUS AJi pa3paOOTKU U BHEIpE-
HUS YHH(PHUITIPOBAHHOTO MAHHUMIYJATOpPA C TEXHOJIOTHYSCKUMH IapameT-
pamu, oOOecreuyuBarOlUMU €ro paboTy Ha BCEX IOIPY30YHO-
pPasTpy30YHBIX, TPAHCIIOPTHO-TIEPEMECTUTEIILHBIX M COPTHPOBOYHO-
MTa0CIEeBOYHBIX OIEPAIUIX JICCOMPOMBIIIJIEHHOTO ITPOU3BOICTBA.

6. OGOCHOBAHME KUHEMATUYECKOW
CXEMbl TMOPOMAHNMYNATOPA
onA NeCHOW MPOMBIWNTEHHOCTH

6.1. ObocHOBaHME KMHEMATUYECKOW CXeMbl METOA0M
MaTeMaTU4YECKOro MoAenNMpoBaHUs U pacyeT NIMHENHbIX
KWHEMATUYECKMNX XapaKTEPUCTUK

Pemenne 3amaun 000CHOBaHUS W BBIOOpA THUITA MAHUITYJSITOpA HEBO3-
MOXHO 0€3 KHHEMaTHYeCKOTO aHajiM3a pPa3judHBIX ero MOAu(HUKAIIH,
OMMHMCAHHBIX paHEee.

B cBs31 ¢ TeM, 4TO OTCYTCTBYIOT YCIOBHS JUTsl PU3HUECKOTO CO3TaHUS
MOJIETH, a HE0OXOUMO, YTOOBI MOJEIIh XOPOIIO O0TOOpa)kajia TOJbKO HC-
CJIeIyeMbIH acleKT CHUCTEMbl 0€3 ydeTa ClIy4yalHbIX BO3JIEWCTBUM, HaMU
MIPUMEHEH METO]] IPUOIMKEHHOTO JeTEPMUHUPOBAHHOTO JTUHAMUYECKOTO
MBICJICHHOTO MaTeMaTHUKO-aHAJIUTHYECKOro mojaenupoBanus [19]. B 006-
IEM CJIy4ae ¢ y4eToM Je(popMUPYEeMOCTH 3BEHbEB MAHUITYJISITOpA CUCTE-
Ma MMeeT OSCKOHEYHOE MHOKECTBO CTereHer cBoOoabl. Co3gaHue Mare-
MaTHUYECKOM MOJIETH MOTPEOYeT COCTABJICHUSI OIPOMHOTO YHCja ypaBHeE-
Huii. OTpaHUYUTh YHCIIO CTETICHEH CBOOOJBI MOXKHO, IMPUHSB BCE 3BEHBSI
a0COJIFOTHO TBEP/IBIMHU.

PaccmorpuM o0mne 3aKOHBI JBMKCHHSI TOYKH ITOJBECA 3axBaTa Ma-
HUITYJISITOpAa B KOOPJMHATHOM CHCTEMeE, ITPUHSAB B KadecTBe 0A30BBIX pas-
JIUYHBIE CXEMbI COYETAaHUM Y3JIOB MEXaHU3Ma «CTPEeJIa - PYKOATHY.

UccnenoBanusamu pemaroTcs CIeAYIIMe 3a1a4u:

- OIpejeicHNe 3aKOHOB JIBIDKCHHS pabOvYMX OpPraHOB MAaHHITYJISTO-
pPOB MpU PA3TUYHBIX COYETAHUAX JBWKCHHUS KHHEMATHYECKOW ITaphl
«CTpeJa - pyKosThY;
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- OIpeAeseHUue CKOPOCTEN M YCKOPEHUU pabOouMX OPraHOB C LEJbIO
CpPaBHEHHUS UX a0COJIFOTHBIX 3HAYCHUI;

- pacyer IMHAMHUYECKUX HArpy30K MPH PA3IUYHBIX CKOPOCTAX MOJIb-
eMa rpysa.

AHanmu3upysi ~ 3aKOHBl ~ JABWKEHUS  3BEHBEB  MAaHHUITYJISTOPA,
00OyCJIOBIICHHBIE OCOOCHHOCTSMH TE€XHOJIOTMYECKOTO MPOIECcca, OTMETHM,
YTO U3MEHEHHE KOOPJMHAT MEepPEeMEIIeHUs ero paboyero opraHa (3axnara)
MOKET MPOUCXOJUTH IO CIAEAYIOIIHNM 3aKOHOMEPHOCTSIM:

1) mogbem pyKoOATH MPU HEMTOABUKHOM CTpEJIE;

2) moabeM CTpesbl NPU HEM3MEHHOM MOJIOKEHUM PYKOSITU OTHOCH-
TEJIbHO CTPEJIBI;

3) moabEM CTpENbl U PYKOSITA OJJHOBPEMEHHO;

4) moabeM CTpeJibl U BBIIBHKEHHE PYKOATH OJHOBPEMEHHO, HE3aBU-
CUMO JIpYT OT ApYTa;

5) BBIABMKEHUE U MTOJBEM CTPEJIbI IPU 3aKPEIJIEHHON PYKOATH;

6) BBIABMYKEHUE PYKOSITH U €€ TIOIBEM MPU HEMTOABUAKHOM CTpEIE;

7) BBIABUKEHUE CTPENBI U PYKOSITH IIPU OAHOBPEMEHHOM UX MOIBEME.

Ha stom sramne ucciaemoBanuil BBEAEM CIEAYIOIAE OTPAHUYCHUS:

- YIJIOBBIE U JIMHEIHBIEC MepEMELICHUS 3BEHbEB MEXAHU3Ma MEHSIOT-
Csl C IOCTOSIHHOM CKOPOCTBIO;

- HE paccMaTpuBarOTCs SKCTpEMallbHbIE CIydyal YCKOpPEHHUU (Tpora-
HUS U pa3roHa, TOPMOXKEHUSI 1 OCTAHOBKH );

- JIBIDKEHUE BCEX 3BEHBEB MPOUCXOJNUT B BEPTUKAIBHOM IJIOCKOCTH,
BpallleHUE MEXaHU3Ma BOKPYT BEPTUKAIBHOM OCH HE YUYUTHIBAETCS.

OTMeTuM, 4YTO M C Y4YE€TOM TAaKUX OIPAHMYECHHM KOJUYECTBEHHbIE
XapaKTEPUCTUKHU TpoLiecca AAKOT JOCTATOYHO BECKHUE AapTyMEHTHI JIs
BBIBOJIOB 110 TOCTaBJICHHBIM BbIIE IeJsIM. PaccMoTpum B siBHOU (popme
3aKOHBI JIBM>KEHUS] TOUKH MOJIBECKU 3aXBaTa MAaHUIYJIATOPa B B IIJIOCKOCTH
XOY — IUIOCKOCTHM TMOObEMA W OIYCKaHWs TIpy3a IMpPU Pa3IMUHBIX
COYETAHUAX COBMECTHBIX JBWKCHUHU 3BEHbEB. Ha puc. 23,a npeacrasieHa
KMHEMATUYECKasi CXeMa MAaHUNYJIATOpa, HMMEIOIIEr0 MaKCHUMAJIbHYIO
BO3MOYKHOCTb NIEPEMEIIEHUS €r0 3BEHbEB «CTPENA - PYKOSATHY.

B pacuetnoii cxeme (puc. 23,0) o6o3HaunMm: /| — qymHa crpenbl OA;
[, — nuHA pyKosiTU AB; T. O — TOUKAa KPEIUICHUSI CTPENbl K KOJIOHHE;
A — mapHUp MEXKIY PYKOATBIO U CTPEIION; B — MIapHUP NMOABECKHU 3aXBaTa;
@, Y — YTJbl, ONPEACIIAIONINE MOJ0KEHUE 3BEHBEB.

HNMeem deThipe NEPEMEHHBIX BEJIMYMHBI, SIBJIAIOMIMECS (QYHKIUSAMU 10
BPEMCHU. l] = f](t)> lz = fz(t)> ¢ = f3(t)> V= f4(t)’

[Tapamerpuyeckoe ypaBHEHHUE IBMKEHUSI TOUKU B B cUCTEME KOOPIU-
HAT NPEJICTABISET co0oi 3aBucuMocTh X, (t) u Y, (¢).
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Li1+AL1

L2+AL?2

hx

hmTJ . m_ "
[

Puc. 23. CxemMbl MaHUITYJIITOPHOTO MEXaHN3Ma:!
a — KUHeMaTh4yecKkas cxema; 0 — pacueTHasi cxema

N3 tpeyronsanka OAB onpenenum:
p=0+y,y=r—a—-f,0TKylIa
B-r=rmr-p-vy. (6.1)

Koopaunara X touku B:

X,=lcosp+1, cos(7r - —1//)= [ cosp —1, cos((p +1//).
C yueroM Beipakenus (6.1) koopaunara ¥ Touku B

Y, =1sing—1sin(r —p—y)=1sing—1 sin(p+y).
CrnenoBarenbHO, 3aKOH JBWXKEHHUS TOYKM B omnpenensiercss ypaBHe-

HUSIMU:

X, =1cosp—1 cos(p+w), (6.2)
Y, =1sing—1sin(p+y). (6.3)
N3 3ak0oHa NBUKEHUS ONpPENENIMM CKOPOCTh U YCKOPEHUE TOYKU B,
KaK IIEPBYIO U BTOPYIO IIPOU3BOAHEIC OT X, Y, 110 BpEMEHU:

X,.=v X,.=a

B~ YBy» B~ “By»
YBzuBy,YBzaBy.

Cxopoctb TOukH B 1o ocsim X, Y nocne nuddepenupoBanus (6.2) u
(6.3) Mo BpeMeHM NPUMET CIASTYIOIIUN BU/I;

X, =l cosp—1gsing—1,cos(ep+y)+1,(¢+v)sin(p +vy), (6.4)
Y, =1 sing+1lgcosp -1 sin(p+y)—1,(¢ +vy)cos(p +y). (6.5)
L, =X +T.
Hudbdepenumpys (6.4) u (6.5) mo BpeMeHHU, MOTYUYUM YCKOPEHHUE TOY-
KM B oTHOcHUTEIbHO oceu X, Y:

X j=lieosp=21i¢'sing—1,(¢'sing+p"cosp |-Licos(p+y )+

e ' r ' / " A 6.6
+2Lsin(p+y )@ +y )+12[(q) +y )2cos(g0+t//)+(go +y )sm(goﬂ//)}, (6.6)
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Y, =lsinp+2//p'cosp+l, (go "cosp—"’ singo)—lé’sin(goﬂ// )—

; " " 6.7
—20cos(p+y )@+ ")+, [(go "y ’)2 sin(@+y )-(p"+y "cos(p+y )} (6.7)
AOCOIIIOTHOE YCKOPEHHE TOUKHU B (3axBata):

a, =+(X1) +(¥;) . (6.8)

[Ipumem crenyroriue npuOIMKEeHUs: yckopenus ', [, ¢" u w" paB-

19 b

HBI HyTI0. Takum 00pa3oM, paccMaTpUBaETCs YCTAaHOBHBIIIEECS paBHOMEP-
HOE BpaIlleHUE CTPEJIBl M PYKOSITH M PaBHOMEPHOE W3MEHEHHE JIJIMH ITHX
3BEHBEB, UTO MO3BOJISET KAUECTBEHHO CPABHUTH YCKOPEHHE TOUKH TOJIBECA
3axBaTa JJII KOMOMHAIIMH PA3HBIX THUIIOB JBWKCHHUS CTPENBl U PYKOSTH B
BEPTUKAIBHON TIOCKOCTH. C y4eTOM yKa3aHHBIX BBIIIE OTPaHWYCHUN CO-
oTHotieHus (6.6), (6.7) ynpouiatorcs:

X I==21¢'sinp-1¢"* cosp+21. sin(p+y Yo'+y W
+1,(p"+y ')ZCOS(g0+l// )
Y, =2llp'cosp—L,@"*sinp-21;cos(p+y Yo +y W
+1,(p"+y ')zsin(goﬂ// )
[ToncraBum ypaBHeHus (6.9) u (6.10) B ypaBHeHue (6.8):
4" + g + 40"y ') + (o +y)
- 810/l (@' +y')sinpsin(p +y ) -
~ 4oL (" +y') sinpcos(p +y ) -
— 419”1 (¢" +y')cospsin(p +y ) -
a,= |-21¢"L(p" +y') cospcos(p+y)— (6.11)
—8I'p'l!(¢" +y')cospcos(p + v )+
+ 491 (p' +y') cospsin(p +y )+
+ 419"l (o' +y')sinpcos(p +y ) -
~ 219" (¢ +y') singsin(p + )

ITocne ympoieHust ypaBHeHus (6.11) mogyduM yCKOpEHHE TOYKHU
MOABECKH 3axBaTa B 1Jid 00IIero ciyyasi HepeMeIIeHUs 3BEHbEB:

411,2§0’2+112§0’4+4l£2(§0'+l//')2+122(§0"H//,)4_
a,=-810'L(p"+y "cosy +41p'L(p"+y ')zsint//— (6.12)

—4l]go’2l£(go’+t//’)sint//—2llgo'212(go'+t//')zcosy/.
PaccMOTpUM camble PacipOCTpaHEHHBIE YACTHEHIE CIIydad, KOTOPHIE
CIEAYIOT U3 cooTHOlIeHU (6.12).

(6.9)

(6.10)

4

—_—
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1. JInmuHa cTpenbl U pyKOATH HE MEHSETCs, CTpeyia U PyKOSITh Bpalia-
IOTCSI C MOCTOSIHHOM YTII0BOM CKOpocThio. M3 ypaBHeHus (6.12) noiydaem

a, = \/chp"‘ + (o +y') =219 (¢ +y') cosy .
2. Ctpena HE MEHSIET UIMHY Y BPAILlA€TCS B BEPTUKAILHOU IIOCKOCTH
C ITOCTOSTHHOM CKOPOCTBIO, PYKOSITh OTHOCUTEIIBHO CTPEJIbl HE MEHSET CBO-
€ro MOJIOKEHUS, HO JUIMHA PYKOATH MeHsietcs. M3 ypaBHenus (6.12) noiy-
qaeM

a, = \/(lf + 12 )"t + 42" — 4" g siny —21,¢"*],p cosy .

3. PyKoATh Bpalaercss OTHOCUTEIBHO HEMOABUKHOU CTPENBI C TOCTO-
SHHOW YIJIOBOM CKOPOCTBIO, JJIMHA CTpeEsbl HE MeHsercs. M3 ypaBHEHUs
(6.12) cnenyert: a, =+/I2y'¢ , cnenoBarenbHoO a, =Ly 2.

JIeCTBUTENBHO, UIsI JAHHOTO ClIy4yasl BCE YCKOPEHUs TOYKU B — 3TO
HOpMaJIbHbIE YCKOPEHUS TOUKU B OTHOCUTEIBHO TOYKH A (cM. puc. 23, 0):

"=w’R.

4. Crpena [, Bpamaercsa ¢ MOCTOSIHHOM YIJIOBOM CKOPOCTBIO, PYKOSITh
[, MEHSeT JUIMHY U BpalIaeTCsl C MOCTOAHHOW CKOpOCThiO. M3 ypaBHEHUS
(6.12) cnenyer

1o +417 (p'+y ')2+122 (p'+y ')4—
—419 "L (p'+y "siny =210, (¢ +y ')zcosy/ .
5. Ilpu oTCYyTCTBUHU BpallaTENbHbIX ABWKEHUNW U PABHOMEPHBIX U3MeE-
HEHUSX JUIMH CTPEJIBI U PYKOSTH YCKOPEHUS B TOYKE B OTCYTCTBYIOT.
Pacyersl yckopeHuii B TOYKE MOJBECAa 3axBara MPOBEIEM IIpU
JUHEWHON ckopoctu 3axBara U, usmenstoumeiics ot 0,2 mo 1 M/c u
Ha4aJIbHBIX YIJIaxX () U |, U3MEHSIOIUXCA B IIpeaenax: ¢ ot 15° no 60°, v
ot 120° no 180° u ueThIpex cxemax: 1 — cTpena u pyKosSITh BPAILIAKOTCA U HE
BBIIBUTAIOTCA; 2 — CTpeJla BpallaeTCs, PYKOSTh BBIABATACTCS WU HE
BpalaeTcs; 3 — CTpesia HEMOJBUXKHA, PYKOSTh Bpamaercs;, 4 — crpena
BpaIllae€TCs, PYKOATh Bpamlaercs W BblaBUTraerca. [lpmHumaem, dYTO
YTJIOBBIE CKOPOCTH 3BEHBEB @' U ' OAMHAKOBBIE U IPUHUMAIOT 3HAYCHUS
0,17;0,35;0,52 10,7 ¢
Jlnst moctpoenus rpaduka 3aBUCUMOCTH YCKOPEHHUS 3axBaTa OT YIJIO-
BBIX CKOPOCTEH 3BEHbEB (pHC. 24) B KaueCTBE HAaYaJIbHbIX YCIOBUM BHIOU-
paem 3HaueHus yriaoB @ = 15°, w= 120° u ckopoctu 3axBara U = (0,2 m/c.
Jlnst rpaduka (puc. 25) B kauecTBe HAYAJIbHBIX YCIOBHI BHIOMPAEM TE
K€ 3HAYEHHUsI YIJIOB, a CKOPOCTh 3axBara U = 1 m/c, MOTy4YUM YCKOpPEHHUS
3axBara B 3aBUCUMOCTHU OT YIJIOBBIX CKOPOCTEM 3BEHBLEB. PacueTsl U rpa-

(bMKM BBINIOJIHEHBI B JIMLIEH3MOHHOM niporpamme Microsoft Excel 2003 SP3
nakera Microsoft Office 2003 SP3.
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2

% 9 © 12
4. = 4
-~ 8 / -
) 1 3 10 -1
&7 / s
g6 / g8
T 5 ©
[11] [11]
X / X 6
c 4 ©
“ / “
g3 /l //-2 g 4 /‘2
T 2 ~ 3 ]
e ] // ,/// 3 g 2 /7 L —3
% 0 — % 0 é’///
> >
0,17 0,35 0,52 0,7 0,17 0,35 0,52 0,7
-1
Yrnosas ckopocTb (w), ¢ Yrnosas ckopocTs (w), ¢

Puc. 24. Yckopenus 3axBara npu Puc. 25. YckopeHus 3axBara Impu
HavallbHBIX yriiax @ = 15° w=120°u HAaYaIBHBIX yIIax @ = 15°, = 120°

JIuHEeWHoH ckopoctu U = 0,2 m/c U nuHEHoM ckopoctu U =1 mM/c

Jnst rpadukoB, TpeACTaBICHHBIX HA puUc. 26 u 27, BbIOpaH Apyrou
JIMaria3oH yrioB U JiBa 3HaueHust ckopoctu 0,2 m/c u 1,0 m/c.

~. 9 4 o 12
© ; = 4
=8 / 1 =10 /-
o 7 c’% / 1
© / g /
T‘; 6 V. E 8 7
= / v} //
3 5 / 2 6
?‘5 4 3 / 2
(] / o 4 / /‘—
() 3 V. /Lz = ~
s / L~ I
§. 2 / // 8— 2 ~ —3
I 2 0o —=
0,17 0,35 0,52 07
0,17 0,35 0,52 0,7 P
YrnoBas ckopocTs (w), ¢! YrnoBas ckopocTtb (w), €
Puc. 26. Yckopenus 3axBara mpu Puc. 27. Yckopenus 3axBara npu
HavyalbHBIX yriax ¢ = 60°, y = 180° HavyalbHBIX yriax ¢ = 60°, y = 180°
U nuHeliHoi ckopoctu U = 0,2 m/c U IMHEHHOM ckopoctn U =1 m/c

AHanu3 NPUBEICHHBIX I'PAaPUKOB MOKA3BIBAET, YTO MPHU COBMECTHBIX
VIJIOBBIX WM JIMHEWHBIX MEPEMEIICHUAX CHCTEMBI «CTpENla - PYKOSTHY
BO3HUKAIOT 3HAYUTEJIbHBIE aOCOJIFOTHBIE YCKOPEHMsI B TOYKE 3axBara
rpy3a, 4YTO CYIIECTBEHHO BIIMSIET HAa CHIOBBIE XapaKTEPUCTUKU U
MMPOYHOCTh KOHCTPYKIIHH.

IIpy pa3IuYHBIX B3aMMHBIX TOJIOKEHUSX CTPEIbl W PYKOSTH
YCKOPEHUS pa3InyaloTcsi He3HAYUTEIbHO (Hanpumep, rpaduku Ha puc. 26
u puc. 27).

CaMu JMHEWHBIE TIEPEMENICHUSI CTPEJIbI U PYKOSTH HE OKa3bIBAIOT
3HAYUTEJIBHOTO BJMSHUS HA JAWHAMHUKY HarpyxeHui. IIpakTtuueckoe
coBmaJicHhe KpuBBIX 4 u 1 Ha puc. 26 U 27 MOKA3bIBAECT, YTO JTUHECUHBIE
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MEPEMENICHUS PYKOATH HE3HAYMTEIIbHO BIIMSIOT HAa YCKOPEHHs 3axBaTa
MaHUITYJISITOpa. OCHOBHBIE COCTABISIOIIME JUHAMHKHA — BpAllaTEIbHBIE
IBWKEHUS CTPEIIBI U PYKOSITH.

B pesynprare mMopenupoBaHUsA ABWKEHUS 3BEHBEB MAHUITYJISATOPA
OMpENIECTICH HaWy4dlluid BapHaHT COBMECTHOM pabOThl 3BEHBEB —
BpAILICHUE PYKOSTH IIPU HEMOJBW)KHOM CTpeNe, HaAauXyIIIWW BapUaHT —
BPAILICHUE CTPENBI U PYKOSATH C BO3MOXHBIM BBIIBUKEHHUEM pYKOsTH [20].

6.2. PacyeT KMHEMaTUYECKNX XapaKTepncTunk
C y4eTOM BpaLLleHNA CTOVKU

JIOTIOTHUTENBHBIN yUeT BpalleHusl CTOMKU MaHUIYJISATOPa B TOPU30H-
TaJbHOM IUIOCKOCTH YCJOXKHSET 3a7ady, HO oOecriedyuBaer 0oJee MOJHOE
uccinenoBanue. B Hacrosieir padoTe mocTaBieHa 3ajada ONpeaesICHUs
JIMHEWHBIX U YIJIOBBIX XapaKTEPUCTUK TOUYEK U 3BEHHEB MAHUIYJATOPA B
3aBUCHMOCTH OT BpEMEHHU yisl oOmiero ciydast nBrkenus. Ilepexonm ot
TEXHUYECKOTO 00BEKTa K pacUETHON cXxeMme U300pakeH Ha puc. 28, rae He
MOKa3aHbl TUIPOLMIMHJPKI, CTOMKA W JIpyrue, HE3HAUYUTEIIbHbIE ISl HC-
CJIEIOBAaHUSI KWHEMATHKHU 3BEHbs. BpallleHus: cTpenbl OTHOCUTENIBHO CTOM-
K1 oOecrieueHbl cepruyeckum 1mapHupom B Touke O. Ilnockocts, comep-
JKamiasi CTpesly U pyKosiTh, IOBOPAYMBAETCSI BOKPYT OcU Z Onarogapsi 3To-
My mapHupy. Ha ocHOBe pacyeTHOl cxeMbl MOCTPOEHA MaTeMaTHYecKas
MOJENb, HCCIEJOBAaHUE KOTOPOM MPOBEIECHO C HCIOJIb30BAHHEM MPO-
rpamMmMHOro komruiekca MAPLE 9.5.

Z

Bl

Puc. 28. PacueTHas cxema MaHHITYJIATOPHOTO MEXaHU3Ma
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B kauecTBe mepBoOro Imara UCCiIeIOBaHUS COCTaBUM YpPaBHCHUS JBU-
KEHHUS TOYKM IOJIBEca Ipy3a B KoopauHaTHOW (opme. g sToro npen-
[IOYTUTEIIBHEE KCIOJIB30BATh BEKTOPHYIO MOJC/IbL MEXaHU3Ma MAHUITYJIS-
TOpa. 3aluIIEM ypaBHEHUE BEKTOPHOIo KOHTYypa OAB (cM. puc. 28):

[ +1,—7% =0, (6.13)
rA€ 7, — paguyc-BEKTOP TOYKH II0ABECA IPy3a.

ITonoxeHue 3BEHBEB B IIPOCTPAHCTBE 3aa€TCs YIVIOBBIMU KOOPAUHA-
TaMu @,, ¢,, @,. YTIOBbIE KOOPJAUHATHI OTKIAABIBAIOTCSA OT OCU X U JIMHUU
OB’ B HampaBJI€HUU IPOTUB XOJ1a YacoBOU cTpenku. KoopauHaTtel Touku B
(X,,7Y,, Z, —cm. puc. 28) SBISIOTCS OCHOBHBIMU KOOpPJIMHATAMH, TaK KaK
yepes 3TU KOOPAUHATHI MOYKHO OIPEACIIUTE INIaBHbIC T€OMETPUUECKUE I1a-
paMeTphl pabouero npouecca nepemenieHus: Touku B. Ha pacuerHoit cxe-
Me T. O — TOUKa KPEIUICHUs CTPEINBI K CTOMKE — BBIOpaHa 3a HA4aJlo OTCYe-
Ta, T. A — OAHOIIOJABIKHAS BPAILLATENIbHAS I1apa, COCAUHSIONIAs CTpEly U
pykosTh. IllapHUpBI CTpeNbl U PyKOSATH 00pa3yroT OJHOIOJBHYKHBIE Bpa-
maTeybHble napsl. B camom o001iemM ciydae, KOTOPBIM peanusyercs, Ha-
npuMep, B KHHEMAaTHYECKUX CXE€Max MPOMBIIUICHHBIX POOOTOB-
MaHUITYJIATOPOB, €CTh €II€ JIBE€ MOCTYNATEIbHbIX Mapbl, KOTOpbIE oOectme-
YUBAIOT U3MEHEHHE MIMH [, ¥ [,. OQHAaKO B MaHUIIYJSITOPAx JIECHOM OT-

paciu yamie BCEero JJIMHA CTpenbl /, moctosgHHa. Jlo0aBuM mocTynaTesb-
HYIO [1apy, KOTopas 00ecreunBaeT M3MEHEHUE JJIUHBI /.

[IpoekTupyst cootHouieHue (6.13) Ha KOOpAMHATHBIE OCH TMOJY4YUM
YPaBHEHMS, KOTOPBIE TO3BOJISIFOT BBIUMCIUTh (PYHKIMHU MOJOKEHUS MeEXa-
HU3MA:

(1 cosg, +1, cosg,)cosp, — X, =0,
(I cosg, +1, cose, )sing, —Y, =0, (6.14)
[ sing +/1 smp,—Z,=0.

Ecnu 3ananel nnuHel [, [, 1 yrisl ¢,, ¢,, ¢,, TO U3 ypaBHeHul (6.14)
BBIYUCIIAIOT KOoopauHaTtel X ,, Y,, Z, B 3aBUCHUMOCTH OT BpeMeHU. Eciu
3aJlaHbl KoopauHatel X,, Y,, Z, w anuuel [, [,, TO U3 ypaBHeHui (6.14)
BBIUMCIISIOT YIJIbl, 33JJAI0IIUE TIOJIOKEHNE MEXAHU3MA: @, @,, ¢, U T. 1.

Cucremy ypaBHenuil (6.14) muddepenunpyem 1mno BpemMenu ¢ (mpu yc-
JoBuM [, = const ). 3anuieM qudepeHraibHble YPaBHEHUS, U3 KOTOPBIX

MOYKHO BBIYUCIUTD (PYHKIIMM CKOPOCTEN MEXaHU3Ma:
M ! ! M !
(—llsmgolgol+lzcosg02—1251nq02q02)cosq03—

—(/,cosp,+1,cosp, sing,p;—X ;,=0. (6.15)
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(—1,sing,@/+l;cosp,~1,sing, @, Jsing, +

+(I,cosp,+1,cos¢, Jcosp,p,—Y,;=0. (6.16)

[,cosp,p + 1 sing, +1,cosp,p. —Z, =0. (6.17)

B cucremy ypaBuenuit (6.15)-(6.17) BXoaaT 7 HEU3BECTHBIX MapaMeT-
poB — (hyHKUIMK CKOpocTel MexaHusMma — ¢/, L, ¢,, ¢., X,, Y., Z,. [ns
TOT0, YTOOBI CUCTEMA ObLIA 3aMKHYTa, HEOOXOJAUMO COCTaBUTH €IIE YEThI-
pe ypaBHeHusi. HenocTatoniyue ypaBHEHUS COCTaBIIAIOT ISl KaXJ0r0 KOH-
KPETHOIO ciiy4asi, JM00 3a7aBas 3aBUCHMOCTH OT BPEMEHU JJIsl CKOPOCTH
TOYKHU B ¥ JUIUHBI PYKOSITH, JTUOO JIJIs1 YTJIOB MTOBOPOTA U JIJTUHBI PYKOSITH.
T.e. mpu 3aJaHHBIX 3HAYECHUSIX YTIOBBIX CKOPOCTEU U [, BBIUUCISAIOT CKO-
POCTH TOYKH B OTHOCHUTEIHHO KOOPJIMHATHBIX OCEH, a MPH 3aJaHHBIX 3HA-
YEHUsAX CKopocten X, Y,, Z,, [, HaXOIAT YIIIOBBIE CKOPOCTH @], @., ..

JI1st a0CONMOTHOM CKOPOCTH TOYKH IMOJBECA B MMPOCTPAHCTBE U3 YPaB-
HeHuit (6.15)-(6.17) noaydeHO COOTHOIIEHUE:

[t L0+ 2(cos(pi—p:)Niapipl)-

—2(sin(gol—goz))(lllz'gol')ﬂo;z(llcosg01+lzcosg02)2.
N3 cootHomenus (6.18) kak 4acTHBIA Cilydall MOJIy4aeTCsl BbIpaXKe-
HUE, TIOJlyYeHHOE HAaMU paHee JJIsi CKOPOCTU 3aXBaTa MAHMITYJISITOpA TIPH
IBWKEHUH B IIIOCKOCTH ((popmynsl 6.4, 6.5). B cOOTBETCTBUU C COOTHO-
meHueM (6.18) nist ckopocTH V, MOKHO MOCTPOUTH 3aBUCHUMOCTH CKOPO-

(6.18)

B

CTH pabouyero opraHa MaHUIYJSATOPa OT YIJOBBIX CKOPOCTEW WM CKOPO-
CTEW BBIABVDKECHUS CEKIUN PYKOSTH JUIS PA3JIMYHBIX YaCTHBIX CIIy4aes. 3a-
JaBasi KOHKPETHBIE 3HAUCHUS JJI IJIMHBI CTPEJIbl U BbIOUpas (GyHKIIUM IS
IUIMHBI PYKOSTA [, U 3aBUCUMOCTEN OT BPEMEHH YIIIOB @,, (,, OJIy4aeM
CKOpPOCTb TOYKH B — V, Kak (DyHKIMIO BPEMEHM M YIJIOBOM CKOPOCTH
cTpeinbl ¢ (®,) B BEPTUKAIBLHOM IIOCKOCTH (puc. 29, a). B nanHoM citydae
paccrosinue OB BbIOpaHO MOCTOSHHBIM M PaBHBIM 6 M, YroJl MEXIYy CTpe-
JIOM U pPYKOSITbIO HE MEHSETCH.

Ha puc. 29, 6 npuHATHI AJUHBL /| U [, paBHBIMUA 5 U 8 METPOB COOTBET-
CTBEHHO, YIJIOBBIE CKOPOCTH @,, @, OAMHAKOBBIMU M paBHbIMM 0,5 pan/c.
['paduku nmocrpoensl B nporpammHom koMmiuiekce MAPLE 9.5. C yBenu-
YEHUEM YIJIOBOM CKOPOCTU CTPEIbl CKOPOCTh PabOYero opraHa MEHSETCs
10 IEPUOANYECKOMY 3aKOHY. ECIM HET BpalleHUsl CTOWKHU, TO MPH MOCTO-
SHHBIX OCTAJIBHBIX MapameTpax CKOpPOCTh pabo4yero opraHa IMOCTOSTHHA.
[TonyuyeHbl rpaguku AJid pa3iaMYHbIX COYETAHWM JUIMH, YIJIOBBIX CKOpO-
CTEH, JJI1 PA3HOr0 KOJIMYECTBA CTETIEHEN CBOOOIbI.
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Puc.29. 3aBucUMOCTb CKOPOCTH TOUYKH B:
a — OT BPEMEHHU U YTJIOBOM CKOPOCTHU CTPEIbI MPH 3aJJaHHOM 3HAYEHUU YTII0BOM CKO-
POCTH CTOMKH; O — OT YIVIOBBIX KOOPAUHAT CTPEIIBI U PYKOSATH @, , @,

6.3. Pacuet YyrmoBbIX KHHEMATUYECKUX XapPaKTeEPUCTUK
3BEHbEB MaHUNMYJIATOPA

Jlst pacuera yrioBbIX CKOpOCTel 3amuiieM ypaBHeHus (6.15) - (6.17)
B BUJIE, YI00HOM JiJis penieHus no npasuiny Kpamepa:

! ! !

a,Q/+a,,0,+a,;¢0,=b,,
' ' r_

Ay P\ +a,5Q,+a,,05=b,, (6.19)
' ' r_

A3\ Q+a3,0,+a330;=h;.

B ypaBnenusx (6.19) a, — koodduimenT nepes HEM3BECTHBIMU YIJI0-
BBIMHU CKOPOCTSIMU 3BEHBEB, b, — CBOOOJIHBIE WIECHBI. 3HAUEHU KOdPPuiu-
€HTOB a, U b, onpejeneHsl u3 ypaBHenuii (6.15) - (6.17):

a, =1 sing, cose,, a, =—1,sing, cos,, a,, =—(I, cosp, +1,cosg,)sing,,

b =X, -1, cosp,cosp,, a, =—I sing sine,, a,, =—/,sing,sing,,

a,, =(l cosp, + 1, cosp,)cosq, b, =Y! -1 cosg,sing,,
! ! .
a; :ll cos@,, a,, :lz Co8Q,, d;; = 0, b3 = ZB _12 SI @, .

Onpenenuresib MaTpUIlbl UCXOAHOU cUCTEMBI (6.19) OoTiIMUeH OT HyIs
IIpU YCIIOBUM ¢, # ¢,. ONpeneanuTen CUCTEMbl YpaBHEHHI OyIyT MOJIy-
4aThCs B BUJE
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A=—(I,cosp,+1,cosp, )sing, {—I sing sing.l,cosp,+/,cosp, /,sing,sing, }+

+(l,cosp,+I,cosp, )cosp, {—/,cosp,cosp,l,sin@,+/,sinp,cosg,/,cose, }=

=hl, (},cosp,+,cosp,)sin(p, ¢, ).
Torma A=11(/ cosp, +1,cosp,)sin(p, —@,).
A,=—(l,cosp,+l,cosp,)sing,(Y',—=I',cosp,sing,)l,cosp,—
—(l,cosp,+l,cosp,)sing,(Z',—-I',sing, )], sin@,sing,—
—(l,cosp,+l,cosp,)cosp, (X', —=I',cosp,cosp;)l,cosp,—
—(l,cosp,+l,cosp,)cosp,(Z',—I',sinp,)l,sinp,cosp,=
=—1,(l,cosp,+l,cosp,){Z';singp,—I',+Y' ,cosp,sinp,+ X ',cosp,cosp, }.
Torma A, =1,(/,cosp, +1,cosp,){l',— X', cosp, +Y', sinp,)cosp, —Z',sing,}.

AHaJIOTUYHO 4Yepe3 pa3jioKeHUE Ha MUHOPBI BBIUMCIISIEM OCTabHbIE
ONPENIETUTENH, 1JI1 KOTOPBIX MOJIy4aeM

A, =l,(l,cosp,+1,cosp,){—I,cos(p,—p, )+
+cose, (X'zcosp,+Y ' ;sing, )+2Z' ,;sing, },
A, =11l cosp smp {X' sinp, —Y', cosp,}.

B pe3ynbTare COOTHOLIEHUS JJIs1 YTIIOBBIX CKOPOCTEH MOJYYHINCH B
BUJIE (A, — COOTBETCTBYIOIINI ONIPENETUTEND MAaTPULIBI):

. A, 1—cosp,(X jcospy+Y,sing, )-Z sing,
o A llsin((Pl_(Pz) ,
, A,  —Ilcos(p,—¢,)+cosp (X jcosps+Y,sing; HZsing,
AT Lsin(p,—0,) > (6.20)
, Ay =X sing,+Y coso,
VT A [,cosp,+1,cosp,

N3 cucrembl ypaBHeHui (6.20) st pa3HBIX YaCTHBIX CIy4aeB I10-
CTPOEHBI U MPOAHATU3UPOBAHBI 3aBUCHUMOCTH YTJIOBBIX CKOPOCTEN 3BEHHEB
OT JIMHEWHBIX KMHEMAaTUYECKUX XapaKTepUCTUK W BpeMeHU. Eciu 3anath
CKOPOCTb BBIJIBKEHHS pyKosTU [, = 0,1 M/C, JUIMHY CTpeJibl BBIOpaTh paB-
HYI0 [ =5 M, a COCTaBJISIOLIME CKOPOCTH TOYKH MOJIBECA IPy3a OTHOCH-
TEJIbHO KOOpPJMHATHBIX ocel — V, =V, =0,5 m/c, V, =0,3 m/c, nomyduum
VIJIOBYIO CKOPOCTb CTpeNbl @, (@) Kak (PYHKUIHIO YIJIOBBIX KOOpPAMHAT

(puc. 30). 13 pucyHka ciienyer, 4To yrjioBasi CKOPOCTh CTpEJbl B CiIydyae
3a/TaHMs] KOHKPETHBIX 3HAYCHUM BBIICYIOMSHYTHIX KHHEMATHUYECKUX Xa-
PaKTEPUCTHK PACTET IO MOAYJIIO C POCTOM yrja MOBOpPOTa pykosTH. Uem
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OJIMKe cTpena K FOpU30HTAIBHOM IIOCKOCTU (YMEHBILIEHHUE YIJia ¢, ), TEM
OBICTpee M3MEHEHUE YTIJIOBOM ckopocTu [21].

Puc. 30. 3aBMCUMOCTH yIJI0BOM CKOPOCTH (), OT yITIOBBIX KOOPAUHAT
IPY pasHbIX 3HAYECHHUAX yIJ1a IOBOPOTA CTOMKH (), :
l1-¢,=0,1n;2 - ¢,=0,257; 3 - ¢,= 0,57

3azaBasi pa3Hble 3HAYEHUs JUIS yIJia IIOBOPOTA CTOMKH, U3 YPaBHEHUI
(6.20) 1erko Moay4uTh MPOCTPAHCTBEHHBIE Ipa(UKU 3aBUCUMOCTEMN YIJI0-
BBIX CKOPOCTEW OT JIMHEMHBIX KMHEMATHYECKUX XAPAKTEPUCTHK U YIJIOB
ITIOBOPOTA 3BEHbEB MAHUITYJIATOPA.

7. BPALWEHVE MAHUITYJTATOPA
B FOPU3OHTAJTIbHOW MJIOCKOCTU C
COXPAHEHVEM YIMA MEXOY CTOWVKOWM
N PYKOATBIO

s crienyroniero 3Tana MCCISIOBAHUS BIIWSHUS BpPAIICHUS CTOMKH,
KOTOpPOE MPHUBOJUT K JOMOJHUTEILHBIM UHEPIIMOHHBIM Harpy3kam Ha Ku-
HEMaTUYECKUE XapaKTEPUCTUKU, MOJYYUM COOTHOIICHUS JJIi KUHEMaTH-
YECKUX XapaKTepUCTUK TOUKHU B. [I[pumeM B kauecTBe MEepBOro MpuoImxKe-
HUS: YTOJI MEXIY CTPENION U PYKOSIThIO MOCTOSIHHBIN, /| —1JIMHA CTPEJIbl U
[, —nnHa pykoATH He MeHstoTcsa. O003HauMM 3TOT yroi Kak y (puc. 31).
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[TycTh Bce 3BEHBSI MAHUITYJIATOPA SIBJISFOTCSL @0COIIOTHO TBEPABIMU. B
ATOM cllydae JJisl Tpy3a B MaHUIysITop OyJeT SBJISATHCS TOJIOHOMHOM CBSI-
3b10. [1OCKOJIBKY KOOPAMHATHI TOUYKU B 3aBUCST OT BPEMEHH, TO 3Ta CBS3b
OyJieT HecTallMoOHapHOM. byaeM cuuTaTh ee ujaealbHOM, T.€. paboToi BCcex
peakuuii Ha 3a/IaHHBIX BO3MOXKHBIX MEPEMEICHUIX CHCTEMbI peHeopera-
em. Paccrostaue mexay Toukamu O u B octaercst mocTOsSHHBIM. OTpe3ok
OB HakKJIOHEH K INIOCKOCTH MOJI YTIIOM y. DTOT yIOJl SIBJIAETCS BEINMYNHOU
nocTostHHOM. IlycTh yros moBopora BOKpYyT CTOMKHA 0003HaueH Kak 6. Ile-
pPEMEIICHNS] MAaHUITYJIATOpAa — 3TO U3MEHEHUS YIJia Y U yriia IoBOpoTa BO-

KpYyT CTOMKH 0.
Z

Puc. 31. PacuerHas cxema

Ha pacueTnon cxeme nmeeM: T.0 — TOUKaA KPEIJIEHUS CTPETIBI K CTOM-
Ke; A — mapHUp MEXIY PYKOSTBIO U CTPEJION; B — TOUKa MOJBECA TPy3a; Y,
¢ — YIJbl, ONPEIEIIAOIINE IT0J0KEHUE 3BEHbEB. MiMeeM Be nepeMeHHbIe
BEJIMYUHBI, ABJISIOMIKECS (DYHKIUSIMU 110 BpeMeHu: 0 = f1(1), v = f»(t).

ITapamerpuyeckue ypaBHEHUs ABUKEHUS TOUYKU B B IEKAPTOBOM CUC-
TE€MEe KOOpPANHAT NPEICTABIISIIOT COOOM 3aBUCUMOCTH:

X,(t)=OBcosBcosy, (7.1)
Y,(¢)= OBsin@cosy, (7.2)
Z,(t)=OBsiny + H, (7.3)

rae Beicota H — BbicoTa cTorku. M3 tpeyronsanka OAB onpenenum OB,
Kak

OB = \/Zf +12 =2l cosy . (7.4)
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N3 ypaBuenwnii (7.1), (7.2), (7.3) onpenenum CKOPOCTh TOUKHU B:

X, =OB(COSQCOS]/)IZOB{(—SiHQ)Q ‘cosy+cosd(—siny )y '}:

| | (7.5)
:—OB{SanCosya)2 +cos¢9s1n7/a)l},
YB':OB(sinO(:os;/) :OB{00300’cos;x+sin0(—sin7/)7'}:
e (7.6)
:—OB{cosecos;/a)z—sm@smj/a)]},
Z!, =OBcosyw, . (7.7)

d
3/1ech TPUHATHI CIEAYIOMIUE OO03HAYEHUS: ), :(zy(t)j — yrioBas
t

CKOPOCTh  BpallleHHs CTpesbl (y) B BEPTUKAIBHOM  IUIOCKOCTH,

o, = (%O(t)j — YI7JI0Bas CKOPOCTh MOBOPOTA MAHMITYJIATOPA BOKPYT CTOM-

2
ku (6"). AOGCOJIFOTHAsE CKOPOCTh TOYKH B :

v, = OB\/(:os2 y(t)o? + w7 . (7.8)

Huddepenumpys dopmyinsl (7.5), (7.6) u (7.7) no BpeMeHH, MOTyIUM
YCKOpPEHUE TOYKU B OTHOCUTENBHO ocen X, Y, Z:

) —cosy cosOm? —siny cosbOg, +
X,=0B

}. (7.9)

+ 2sin y sin Ow,m, — cosy cosOw? — cos y sin O,
—cosysinfw? —sin y sin g, —
YB”=OB{ 4 ‘ 4 : } (7.10)

— 2sin y cosBw,®, — cosy sin Ow? + cosy cosbe,

Z =—0OBsinyw? + OBcos ye, . (7.11)

2

3/1ech NPUHATHI CEAYIOIINE 0003HAYECHHUS: &, :(dtz ;/(t)j — YIJI0BOE

YCKOpEHHME BpallleHus cTpeiabl (p”) B BEPTUKAIBHOM  IJIOCKOCTH,

t2

£, =(d O(t)j — YIJIOBOE YCKOPEHHE MOBOPOTA MAHHUITYIATOPA BOKPYT

croiiku (0").
AOCOIIIOTHOE YCKOPEHUE TOUKH B:

}.(7.12)

JIns aHanu3a pe3ynbTaTOB MCIOJIB3YEM KOMIIBIOTEPHYIO MPOrpaMMy
MAPLE 9.5.

[TocTpoum rpadku 3aBUCUMOCTH JIMHEWMHOW CKOPOCTH JIBMOKEHUS
TOYKH B 1mojiBeca rpys3a OT BpeMEHU U yria.
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Ecnu cunrare nBHKEHUME PaBHOMEPHBIM BOKPYT OCEW KOOPAMHAT, TO
MOKHO 3anucaTh PyHKIUU AJIs YTJIOB:

0(t)=w &l

+ w,t + , 7.13
o+ (7.13)

2Hau

;/(t)z ®,, +ot+ 82: ) (7.14)

IlycTh ropu3oHTaNBHAsA CKOPOCTh O(t)= const. Takum ob6pazoM, OymeMm

paccMaTpuBaTh YCTAaHOBUBIIEECS IBWKEHHUE IO TOPU3OHTAIA M PABHOIIE-
PEMEHHOE ABMKEHHE MAHUITYJISATOPA IO BEPTUKAIIH.
B kadecTBe HayalbHBIX YCIOBUW BBIOMpAeM 3HAYEHUS HAYaJIbHOTO

yria b =£, JJIMHY 1jeda rnoaseca rpy3a OB =3 M, 6 M, 9 mu 12 M. B un-
3 y Ipy

TepBayie BpeMeHH ¢ OT 0 10 5 CEKYHJ U C IEPEMEHHOW BEPTUKAIBHOM yT-
JIOBOM CKOpOCThIO @, B uHTepBasie oT 0 1o 0,5 pan/c moctpoum rpapuku

ckopoctu (puc. 32).
V

2
18
16
14
12
1
0.8
06
0.4

Puc.32. 3aBucUMOCTb TUHENHON CKOPOCTH OT BPEMEHH M YIJIOBOW CKOPOCTH
IIPU Pa3HbIX 3HAYeHUsAX napamerpa OB:
a—0OB=3mM, 6-0B=6M; B—OB=9M;, T-0OB=12Mm
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3aBUCUMOCTb CKOPOCTH OT BPEMEHU U @, U1 PA3HBIX 3HAYECHUH o,

nokaszaHna Ha puc. 33 - 36. Ha puc. 33 nnmuna OB B3sta paBHOM 3 M, Ha
puc. 34 — 6 m, Ha puc. 35 — 9 m, Ha puc. 36 — 12 m.
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Puc. 33. 3aBUCUMOCTb JIMHEWHOU CKOPOCTU OT BPEMEHU

Y yIJI0BOM cKopoctu npu OB = 3 M:
a—w, =0,1 pan/c,
06— w,=0,2 paxc,
B— w, =0,3 pan/c,

r— o, =0,4 pan/c
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Puc. 34. 3aBucUMOCTb JIMHEWHOU CKOPOCTH OT BPEMEHU
Y yIJI0BOM cKopoctu npu OB = 6 M:
a—w, =0,2 pan/c,
6 -w, =0,3 pag/c,
B— o, =0,4 pag/c
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Puc. 35. 3aBucUMOCTh JIMHEWHOU CKOPOCTH OT BPEMEHU
Y yIJI0BOM cKopoctu npu OB =9 Mm:
a—w, =0,1 pan/c,
06— w,=0,2 paxc,
B— m, =0,3 pan/c,
r— o, =0,4 pan/c
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Puc. 36. 3aBUCHMOCTb JIMHEWHOU CKOPOCTH OT BPEMEHU
Y yIJI0BOM cKopocTu npu OB = 12 m:
a—w, =0,1 pan/c,
06— w,=0,2 pag/c,
B— m, =0,3 pan/c,
r— o, =0,4 pan/c

00630p rpadUKOB OKA3BIBACT CIICIYIONTHE OCOOCHHOCTH:

1) rpaduk cxkopocTH TMpeacTaBieH MPSIMOW JTUHUEH, HapaylieIbHOM
OCH ¢ TIPH YTJIOBOM CKOpocTH @, =0 paj/c (Yroia HakJIOHA CTPeNbl K FOpH-
30HTAJILHON TIOCKOCTH ¥ TOCTOSIHEH), YTO SIBJISICTCSl OUEBHIHBIM, TaK Kak
u3 popmyisl (7.8) cnenyer, uto ¥, = OBcosy(t)w, (puc. 37);
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2) He3aBUCUMO OT JUIMHBI OB CylecTByeT MUHUMYM JIMHEMHON CKO-
poctu npu o, =0,1 pan/c. Hanpumep, Ha puc. 38 nokazaH MUHUMYM CKO-

POCTH TIpU BpaIllEHUU BOKPYT BepTuKaibHOU ocu 0,1 pan/c u paccrosiHuu
OB, paBHOM 3 M.

Puc. 38. 3aBucumocTn
JIMHEWHON CKOPOCTH OT BPEMEHU
1 yrioBoii ckopocty pu @, = 0,1 pan/c,
OB=3wm

Puc. 37. Cxopocts pu @, =0 3aBucut
oT AuHbl OB ¥ MOTYMHSIETCS 3aKOHY

V=Rw.

AHanuzupys rpaduky, MOXKHO CKa3aTh, YTO JJISl YBEIUUYEHUS MPOMU3-
BOJUTEIBLHOCTH paOOThl MAaHUNYJIATOPA IIPU YCTAHOBUBIIECICS TOCTOSIHHOM
YIJIOBOM CKOPOCTH B TOPU30HTAIBHOM IIOCKOCTU CIEAYET ObICTpee mepe-
CKAKMBAaTh JMANa3oH BEPTUKAIbHBIX YTIIOBBIX ckopoctei oT 0 1o 0,2 pan/c
B BEPTUKAIBHOMN IJIOCKOCTH.

JIuHelHast CKOpOCTh Vp pacTeT NpONOPUHOHAIBHO YBEJIMYECHUIO JIJIN-
Hbl OB. Haubosnee mpou3BOIUTENIbHBIA MHTEPBAI CKOPOCTEH HAXOIUTCS
Mexay ®,=0,2-0,4 pan/c. Bo u3bexanne 3HaYUTEIbHBIX JUHAMHUUYECKUX

Harpy3oK CJIelyeT He IPEBBIIIAaTh CKOPOCTh o, =0,4 paz/c.

8. KWHETUYECKAA 3SHEPI'MA MAHUMYJIATOPA
C TPEMA CTENEHAMUW CBOBOObI

[Ipon3BOAUTENBHOCTS TPYyAa ONPENENseTca 3aTpaTaMyd BPEMEHH,
MOIIHOCTH, TOIUIMBA U JPYTUX pecypcoB. Peanmuzaius HaMIy4IInX TEXHU-
KO-D)KOHOMUYECKHX I[10Ka3aTeseil, HampuMep MOTrpy304HO-Pa3rpy304HbIX,
MalllMH MO3BOJISIET COKPATUTh AKCILTyaTallMOHHBIE 3aTparbl. Onpeaenenue
HAaWJTy4dIlIMX TEXHUKO-3KOHOMHYECKUX IOKa3aTelel sBISETCS 3aadeid
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MIOMCKA ONTUMAabHBIX MapaMeTPOB yrpaBiieHus. s pemenus 3Tou 3aaa-
Yl HEOOXOAMMO MOJYyYHUTh T€ MATEMaTUYECKHE 3aBUCHUMOCTH, KOTOpPBIE
OMUCHIBAIOT MCCIEAyeMbIN mporiecc. B Hacrosiei pabote paccMaTprBa-
€TCs MPOLECC MOTPY3KHU - PA3TPy3KH MaYEK COPTUMEHTOB M XJIBICTOB Ma-
IIMHAMHA MaHHUMNYJISTOPHOrO Tuma. B KayecTBe mepBOro MpUOIMKEHUS
pPacCMOTPHUM TOJIBKO paboTy MaHumyisitopa. Hanbomnpime Harpy3ku uc-
MBITHIBAET MAHUITYJISITOP MPHU MEPEXOJHBIX Mpolieccax: pa3roHe U TOPMO-
xeHuu. Kak n3BeCTHO, B MOMEHT OTphIBA Ipy3a MOSBISIETCS YCKOPEHUE U
KakK CJIEJICTBHE TUHAMHYECKHE HArpy3KH, KOTOPbIE MOTYT ObITh CPAaBHUMBI
U JJa)Ke MPEBBIIIATh CTAaTUYECKUE HATPYy3KH.

Heo0xoauMocTh B aHaIM3€ MEPEXOAHBIX MPOILIECCOB BOZHUKAET B CBS-
3M C TE€M, YTO MIPOU3BOAUTEIHLHOCTh MAIIMH MAHUITYJSTOPHOTO TUIIA OIpe-
JEJSIeTCS BpEMEHEM ITPOTEKAaHUS NMEPEXOIHBIX MPOILIECCOB, KOTOPOE JOJIXK-
HO OBITh KaK MOYXHO MEHBIIIUM.

Jnst cocraBineHus: audPpepeHInaNbHbIX YPAaBHEHUN, ONMUCHIBAIOIINX
JMHAMUAYECKUH MTPOLecC MOTrPy3KH, IMPOLIE BCEro 3anucarh ypaBHeHnus Jla-
rpaHa 2-ro poja. BaXHbIM 11arom B 3TOM HAaNpaBlICHUH SBJISIETCS BbI-
YUCJIEHUE KMHETHYECKON HEPTruu MEXaHW3Ma, KOTOpasl 3aBUCUT OT adco-
JIOTHBIX CKOPOCTEN LIEHTPOB MACC. DTO U SIBIISETCS LEJIbI0 HACTOSIIEN pa-
0otel. Kak nepBoe mpuOimxkeHune JUIMHBI CTPEIbl U PYKOATH OyJeM CUH-
TaTh MOCTOSIHHBIMH, I'PYy3 COCPEIOTOUEH HA KOHIIE PYKOSATU U paccMaTpu-
BaeTCs Kak MarepuaibHas Touka (cM. puc. 28). Ilycth Macchl cTpenbl, py-
KOSATH U IPy3a COOTBETCTBEHHO PABHBI M, My, M3, a Ly, Ly — IIUHBI CTPEIIBI
U PYKOSITU COOTBETCTBEHHO. BriOepemM 3 0000111eHHbIE KOOPANHATHI:

q, = ¢, — YroJl HaKJIOHa CTpEJbl K TOPU3OHTAJIBHOM TIOCKOCTH, OT-
KJIaJIbIBAEMbIN OT IUIOCKOCTHU ITPOTHUB YaCOBOW CTPENIKU;

q, = ¢, — yroJ HAKJIOHA PYKOSITU K TOPU30HTAIBHOM IIIOCKOCTH, OT-
KJIaJbIBAEMBIH [IPOTUB YaCOBOU CTPEIIKU;

q, = @, — yroil IOBOPOTa MaHUIYJSATOPA OTHOCUTEIBHO BEPTUKAJIb-

HOU OCH.
OO06001IEHHBIMUA CKOPOCTAMH B 3TOM ciliydae OyAyT YIJIOBBIE CKOPOCTH
0. 0 0.
3BEHBEB: i=a)], KB =0, iza%.
Ot Ot Ot

Kunernueckyto sHepruto cucteMsl o Teopeme Kennra MoxeMm 3anu-
CaTh B BUJIE

I'=T7+T, +T,,

_ TP e

raoe 1 =
Aeh 2 2

mVz: J (o} +w?)
+ — KAHETUYECKAsI SHEPTUS CTPEIIBI,
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_mVe,  J, (0} + o)

T, 22 = 5 — KUHETUYECKas DHEPIUs PYKOSTH,
m3I/2[21
=~ — KUHETHYECKas SHEPrus rpysa.

B XuHETHYECKYyHO0 DSHEPIUIO0 BOIUIM KBAJApaTbl CKOPOCTEH LIEHTPOB
macc crpensl V., pykosta V,,, rpysa V, . Mcxons n3 KHHEMaTHYECKOM

CXEMBbI Ha pHUC. 28, WIS KBAJIPaTOB CKOPOCTEH MOJIy4aeM CIICIYIOIIME 3aBHU-
CUMOCTH (C YYETOM HNPHUHSATHIX TPUOIMKEHUN ):

2 L, . L, . i
V= _TCO SQ,SInQ, o, _TCO s@,sing, @, | +

Ll . . Ll i Ll i
+H — 5 s1ng03s1nq01a)1+Tcosq1)lcosqo3a)3 + 5 COSQ,®, | ;
L 2
—Llcosgo3singola)l—Tzcos%singoza)z—
VC22: L +

. 2 .
—Llcosgols1ngo3a)3—Tcosg[)251r1go3oo3

2

L
. . 2 . .
—L,sing,sing,0,———s1in@,sing,»,+

L
2
+Llcosgolcosgo3a)3+Tcosgozcosgo3a)3

2
L
2 .
+ Llcosgola)lJrTcosgozoo2 ;

2

—L,cosp,sing,w,—L,cos@,sing,m,— N

2_
ep . .
L,cosp,sing,w;,—L,cos@,sing,w,

. . . . 2
—L sing,sing,0,—L,sin@,sing,w,+

L,cosp,cos@,m,+L,cos@,cosp,m,
2
+(L,cosp,m,+L,cos0,0,) .

MoOMEHTBI UHEPLIUU CTPEIIBL U PYKOATH J,, J, OTHOCUTEIILHO LIEHTPOB
Macc OyIyT moy4aTbCesi (CTpesia U pyKOSITh IPUHSTHI 3 CTEPKHU) B BUIE

L2
J] — m] 1 , J2
12

_m,l3
12
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JIist BBIOpaHHOW HaMH CUCTEMBI C TPEMsI CTENEHSIMU CBOOOBI MOCIE
BBIYMCIICHUS] OOOOIIEHHBIX CHUJI Ha KaXXIOM BO3MOXKHOM IEPEMEIICHUU U
MOJACTAaHOBKU SHEPTUHU U 0000IIEHHBIX CUJI B ypaBHEeHUs Jlarpan:ka MOXHO
NONY4YuTh JudPepeHimanbHble YpaBHEHHS ABUAKEHUS, HEOOXOIUMBIE IS
NaJIbHEHIINX UCCIICTJOBAaHUN.

AHanu3 TMHAMUYECKUX MPOLIECCOB HA PA3JIMYHBIX PEKMUMAX ITO3BOJIUT
ONpENENATh BIUSHUE MapaMETPOB CUCTEMbI Ha pabOTy MallMHBI U 00OC-
HOBBIBAaTh HanOoJiee palMoHaIbHBIE MTapaMETPhl JECONMOTPY3UrKa U MaHU-
IIyJATOpA.

9. OOCHOBAHUWE BbIJIETA
MOPOMAHUMYNATOPA
onA NeCHOW MPOMBIWITIEHHOCTH

9.1. TexHonornyeckoe obocHoBaHMe BbineTa
FNIeCHOrro rmapoMaHMnynsaTopa Ha NnecoceYHbix paboTtax
N BbIBO3KE Neca

Ha nmecoceunbix paboTax, B 4aCTHOCTH Ha TPEJIEBOYHBIX OIEpaIHsIX,
MaKCHUMAaJIbHO BO3MOXKHBIM BBIJIET MaHUMIYJIATOpa OyAeT 3aBHCETh OT (hak-
TOPOB, NPHUBEACHHBIX B Ta0d. 1. 3HadueHHS (PAKTOPOB MPHUHATHI C YICTOM
(haKTHIECKUX BBICOT JICPEBHEB U YIJIOB UX BAJKH, a TAKXKE TPEOYyEeMOM IIIH-
PHUHBI TACEKH.

Tabmuna 1
daKTOpPHI, UCIIOIB3YEMBIE TJIT 000OCHOBAHUS BBIJICTAa MAaHUITYJIATOPA

HaumenoBanue ¢dakropa Benuunna gakropa
Bricora gepesa, Ly, M Ot 10 1o 40
[Iupuna nacexku, Ly, M Ot 15 mo 50
Yron Bajgku AepeBa Mo OTHOLICHUIO K BOJIOKY, 0, TPaj. Ot 30 go 90

OcHOBHBIM (haKTOPOM 37€Ch NMPUHATA IIMPUHA MTACEKH, JOCTUTAIOMIAs
B COBPEMEHHBIX JIECO3aroToBKkax 50 m.
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N3 cxembl (puc. 39) nmosiydeHO ypaBHEHHUE JJIsl ONPEJICICHUS BbUIETA
MaHHMYJISATOPA MpHU HaOOpe MadKH:
2L, sina

L, =tn 2%50% 9.1
y= o ©.1)

Puc. 39. PacueTHas cxema onpezeseHus BbUIETa MAaHUITYJIATOPA HA TPEIIEBKE:
1 — MaHUIyIATOP; 2 — XIIBICT

[lonyyeHHOE ypaBHEHHE IMO3BOJISET BBIYMCIUTH MAaKCUMAaJIbHO BO3-
MOXHBIM BBUIET MAaHUITYJISITOpPA HA TpPEJIEBKE, KOMOUHHUPYS pa3HbIe Bapu-
aHTBI BBICOTHI JIEPEBA U YIJIa BAJIKU 11O OTHOIICHUIO K TACEUHOMY BOJIOKY.

PesynbTaThl pacyera 3aBucumocTu (9.1) mpencraBieHbl Ha rpaduke
(puc. 40). PacdeT BbITIOJIHEH B JIUIIEH3MOHHOM nporpamMe Microsoft Excel
2003 SP3 nakera Microsoft Office 2003 SP3.

Ha rpaduxe BuAHO, 4TO 00JACTh M3MEHEHUS BbUIETa MAHUITYJISITOPA
IUISl TPEJIEBKU HaxoauTcs B mpenenax 2-20 M. B mpaktudeckoM npuMeHe-
HHAW NPU MAKCHMaJbHOM IIMpHUHE maceku 50 M, CpelIHEN BBICOTE JIepeBa
25-30 M 1 npu BaJIke 0cO0O0 OTHATIEHHBIX OT MACEYHOr'O BOJIOKA JIEPEBHEB
M0/ MAaKCUMaJIbHO BO3MOXXKHBIM YIJIOM — HAMH PEKOMEHYETCSl BHIOMPATH
MAHUITYJISITOP C MaKCUMaJIbHBIM BbUIETOM 11,5 M.

Ha BBIBO3KE KpYIJIBIX JIECOMATEPHUANOB IMPEIJI0KEHa 3aBUCUMOCTD
BbUIETA MAHHUITYJISTOPA OT (PaKTOPOB, MPUBEICHHBIX B Ta0J. 2. 3HaYEHUsA
(baKTOpPOB MPUHATHI C YYETOM (PAKTUUECKUX Pa3MEpPOB MAKETOB M IITalde-
JIed JecoMaTepHralioB, UX KOJUYECTBA U PACCTOSHUS MEXK]y HUMH, a TaKXKe
pa3MepoB aBTOIOE3/1A.
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BbicoTa aepeBa (L 5), m
Puc. 40. PacueTHbIil BbUIET MaHUIYJIATOPA IJIs JIECOCEUHBIX paboT
B 3aBHCHUMOCTH OT BBICOTHI IEPEBA U YIJIA €0 BAJIKU 10 OTHOLIECHHIO K BOJIOKY:
1 — mpu mmpune nacexku 50 M U yriie BajaKy [0 OTHOIIEHUIO K [TACEYHOMY BOJIOKY 30°;
2 — npu mupuHe naceku 50 M u yrie Banku 45°; 3 — npu mupuHe naceku 50 m
u yrie Basiku 60°; 4 — npu mupuHe naceku S0 M u yriie Basku 90°

Tabmuua 2
daKTOpPHI, UCIIOIB3YEMBIE JIT 0OOCHOBAHUS BBIJICTa MAHUITYJIATOPA

HaumenoBanue ¢dakropa Benuunna gakropa

JlnuHa nmakera iecoMaTepuaios, /,, M Ot 2,0 10 6,5
KoandecTtBO makeTos, #,, IIT. Or1 mo2
Paccrosinue Mexnay nakeramu, f, M Ot 010 0,3
PaccrosiHue oT ocu MaHUIYISATOpA 10 MAKETA, C, M Ot 0,5 10 1,0
[Ilupuna aBTomnoesna, b,, M Ot 2,0 110 3,5
[upuHa mrtabens JecoMarepuanos, b, M Ot 2,0 10 6,5
Paccrostaue oT aBTomoesaa Jo mraodens, d, M Or1lmo3

N3 cxembl (puc 41) mosmyyeHO ypaBHEHHWE JJisl ONPENEICHUs BbUIETa
MOrPy30YHOI0 MAHHUITYJISITOPA, YCTAHOBJIEHHOTO Ha JIECOBO3HOM aBTOIOE3/IE:

n-1 /
LM:;l”i+ 2 +(n —1)+c. (9.2)

Breimer maHuUIymsiTopa, yCTAaHOBJICHHOTO Ha JIGCOBO3HBIM aBTOIOE3],
HaxXOJNUTCS TakkKe B (QYHKIIMOHAIBHOW 3aBUCHUMOCTH OT MECTa YCTaHOBKH
aBTOIOE3/1a IO MOTPY3KY, IIMPHUHBI aBTOMOE3/1a U IITa0ess JecomaTepra-
708 (puc. 42):

b, +b,

L, 5

+d. (9.3)
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Puc. 41. PacueTHas cxema AJisl ONpE/IeNICHUs BbUIETA IOIPY30UHOTO MaHUIYJISATOpA:
1 — 1ecoBO3HBII aBTOIOE3; 2 — MOTPY30YHBII MAaHUITYJISATOD;
3 — MaKeT JIECOMATEPHUATIOB

/ 2 3

.|

Da d Du
L M

Puc. 42. PacueTHas cxema Jjisl ONpEEICHUs BBUIETA ITOTPY304HOTO
MaHUMyNATOpa: 1 — JI€COBO3HBIN aBTOMOOWIIb;
2 — mOrpy304YHBIA MaHUIYJISATOP; 3 — MITA0EINb JJeCOMaTepHaIOB

Jlnst ompeneneHuss BbIIETa TOTPY30YHOTO MAHHUIYJISATOPA, YCTaHOB-
JICHHOTO Ha JIECOBO3HBIN aBTOIOE3/1, HEOOXOAMMO CTPYIITUPOBATH (GOpMY-
ab1 (9.2) u (9.3):

n-1 /
L,=>1, +%+(nn —1)r+c
i=1
b,+b,
MTT S
PesynbTaThl pacyera 3aBucuMocTH (9.4) npencraBieHbl Ha rpaduke
(puc. 42).

(9.4)

L +d.
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Ha rpaduxe (puc. 43) BugHO, 4TO 00JaCTh U3MEHEHUS BbUIETAa MaHU-
IyJISITOpa JJIsl BBIBO3KM Jieca HaxoauTcs B npexpenax 1,5 - 11,0 m. Cneno-
BATEJIbHO, MAHUMYJIATOP, YCTAHABIMBACMBIM HA JIECOBO3HBIM aBTOTPAHC-
MOPT, PEKOMEHIYETCsl BRIOMpaTh ¢ MaKCUMaJbHBIM BbuieTOM 11,0 M.

12

2
= /
d /

8 8 4
g //_______..—-
E, 6 ——
= " 3
% 4 / //// 1
- - — ///_
S 2
2 E——
m

0 \

2,0 2,5 3,0 3,5 4,0 4,5 50 55 6,0 6,5

AnvHa naketa (/;) (WnpuHa wrtabens (b)), m

Puc. 43. PacueTHbIil BbUIET NOTPY30YHOTO MAHUITYJISITOPA B 3aBUCUMOCTH OT JUIMHBI
nakera (IMPUHBI mTadesns): 1 — npu KonuvyecTse makeToB — 1 mr.,
PACCTOSIHUM OT OCH MaHMITYJISITopa Ao nakera — 0,5 M; 2 — Ipu KOJIMYECTBE NAKETOB —
2 1IT., paCCTOSIHUU MEXy nakeramu — 0,3 M, pacCTOSHUU OT OCH MaHMITYJISITOPA
no nakera — 1,0 m; 3 — npu mmpuHe apronoesna — 2,0 M, paCCTOSIHUMU OT aBTOMOE34a
no mrabdens — 1,0 M; 4 — npu wMpuHe aBTonoe3aa — 3,5 M, pacCTOSTHUU OT aBTOMNOE3/1a
1o mrabdens — 3,0 m

9.2. TexHonornyeckoe obocHoBaHMe BbineTa
MaHUNynaTopa Ha cCopTUpoBke BpeBeH Npu pasHbIX
CXemMax pPacronoXeHusi rIecoHakonmuTenen

BbiieT MaHunynsitopa npu COpTUPOBKE OPEBEH 3aBUCUT OT YMCIIA Jie-
COHAKOINUTENEH, X Pa3MEPOB U PACIOJIOKEHUSI OTHOCUTEIIBHO OCH MaHU-
MyJIATOpA.

Ha coptupoBke Kpyribix JiecOMaTepuaioB IIPU pPAJAUATIBLHOU CXEME
PaCIIOJIOAKEHHUS JIECOHAKOMUTENEH MpeIIoKeHa 3aBUCUMOCTh BbLJIETa Ma-
HUITYJISITOPa OT (PaKTOPOB, IPUBEAECHHBIX B Ta0J. 3.

3HadueHus: (PAKTOPOB MPHUHATHI C y4eTOM (PaKTHUECKUX Pa3MepoB Jie-
coHakonurenen. Pacuernas cxema naHa Ha puc. 44.
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Tabnuua 3
daKTOpPHI, UCIIOIB3YEMBIE 1JIT 0OOCHOBAHUS BBIJICTa MAHUITYJIATOPA

HaumenoBanue ¢dakropa Benuunna gakropa
[lupuna necoHakonurens, b,, M Or 1,5 no 2,5
JlnuHa necoHakonurens, /,, M Ot 2,0 10 6,5
KoandecTBo JIeCOHAKONUTENIEH, 71,,, IIIT. Ot 2 1o 14

Dbl

Puc. 44. PacueTHas cxema Jyisi OnpeaeieHus BbUIeTa
COPTUPOBOYHOTO MaHUITYJISITOpA:
1 — neconakonuTenp; 2 — COPTUPOBOYHBIN MaHUITYJIATOP

N3 cxembl BUAHO, YTO LEHTPAIbHBIA YOl ¢¢ 3aBUCUT OT KOJIMYECTBA
JIECOHAKOIUTEIIEU:
360

n

H

upuHa neconakonurens b, BblpaxkaeTcs GyHKIIMOHAIBHOW 3aBUCH-
MOCTBIO

a

(9.5)

b = 2rtg(%j , (9.6)

r7€ ¥ — paguyc BOMCAHHON OKPY>KHOCTH, M.
Pannyc BNHMCAaHHOW OKPYKHOCTHM HaxOJUTCS B 3aBUCHUMOCTH OT IIH-
PHHBI U KOJINYECTBA JIECOHAKOIMUTENIEH:

po— b 9.7)

2tg @
n

H
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BbiieT copTUpOBOYHOIO MaHHUITYJISATOpA OyJET OOJbIIE paanyca BIIU-
CaHHOM OKPY>KHOCTH Ha MOJIOBUHY JUIMHBI HAUOOJBILIETO JIECOHAKOIIUTEIS

/
L =r+-. 9.8
y=re 9.8)

O606mas hopmynsl (9.5) - (9.8), nosrydyum 00U BUJT 3aBUCUMOCTH

BbUIETa MAHUITYJIATOPA OT PAKTOPOB, IPUBEICHHBIX B TA0I. 3:

L2 L 9.9)
180) 2
2tg| —
n

H

[Ipu uepenoBaHuU JIECOHAKOMUTENIEH pa3HOW JJIMHBI pacdyeT BbUIETA
COPTUPOBOYHOTO MAHUITYJIATOPA HEOOXOIMMO MPOU3BOIUTH IO JIECOHAKO-
MUATEIIO C HAUOOJNbILIEH ITTUHOM.

[TonyuenHnoe ypaBHeHue (9.9) conepxut Tpu NepeMeHHbIE BEIUUYHUHBI,
MPU U3MEHEHUU KOTOPBIX ObLIa MOCTPOEHA 3aBUCHUMOCTD, IMOKa3aHHAs Ha
puc. 45.
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Puc. 45. PacyeTHblil BBUIET COPTUPOBOYHOTO MAHUITYJISATOPA

B 3aBHCHUMOCTH OT KOJIMYECTBA U PA3MEPOB JIECOHAKONUTEIIECH:
| — mpu pa3zMepax JecoHaKONMUTENeH: IMUpUHa — 2,5 M, IiMHa — 6,5 M;
2 — npu pa3Mepax JeCOHaKonuTene: mupuna — 1,5 m, mHa — 2,0 m

Ha rpaduke (cm. puc. 45) BugHO, 4TO 00JaCTh M3MEHEHUS BbUIETA
MaHUITyJIATOpA I COPTUPOBKMA  KPYIJIBIX  JIECOMAaTepUajoB  IMpU
paarabHOM CXeMe pa3MEIlEeHHUs JIECOHAKOMUTENEeH HaXOAUTCs B TIpeaeax
1,0 - 8,7 ™. CnenoBaTenbHO, COPTHPOBOYHBIA MAHUNYJATOP B
3aBUCUMOCTH  OT  KOJHMYECTBA W  pa3MEpOB  JIECOHAKOMUTENEH
pPEKOMEHAYETCsl BHIOUPATh C MAaKCUMaJIbHBIM BBIIETOM 8,7 M.
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Ha copTupoBke KpyrIJbIX JI€COMaTEpPUAIIOB MIPU BEEPHOU CXEME pac-
MOJIOXKEHHUS JIECOHAKOMUTENEH MpeJIOKEHAa 3aBUCUMOCTh BBLIETa MaHU-
nyniaropa oT (akTopoB, NPUBEAEHHBIX B TabOi. 4. 3HaueHus (PakTopoB
MIPUHSATHI C YUETOM (PAKTUYECKUX Pa3MEPOB JIECOHAKOIUTEIIEH, UX KOJIUYe-
CTBa M pacnoiioxkeHus. PacueTHas cxema rpecraBiieHa Ha puc. 46.

Tabnuua 4
DaKTOPHI, UCIIOIB3YEMBIE TJIT 0OOCHOBAHUS BBIJICTa MAaHUITYJIATOPA

HaumenoBanue ¢dakropa Benuunna gakropa
[lInpuna neconakonurens, b,, M Ot 1,5 10 2,5
JlnmuHa nmeconakonuTens, /,, M Ot 2,0 10 6,5
KonmaecTBO necoHakommuTeneH, n,,, mrT. Or2 mo 14
Yroa noBopoTa JIECOHAKOMUTENSA, ¢ , TPa. Ot 0 no 45
YT0J1 TOBOPOTA JIECOHAKOTIUTEIIA, (0, TPAJL. Ot 0 1o 45

E\N

R

Puc. 46. PacueTtnas cxema 1Ji ONpENEIICHUs BbUIETA
COPTUPOBOYHOI'O MAaHUITYJIATOPA

[To cxeme (puc. 46) onpenensieM, 4YTO BbUIET MAHUITYJIATOPA HAXOIUT-
csl B DYHKIITMOHAIILHOM 3aBUCHUMOCTH OT paJnyca BIIMCAHHON OKPYKHOCTH,
MPOEKIINK TOJOBUHBI JUTMHBI JIECOHAKOMUTENSI HA OCh Y W yrja MoBOpOTa
JIECOHAKOMUTEJIS:

_r+l

L, (9.10)

b
COSQ
rA€ ¥ — paauyc BIIMCAHHON OKPYKHOCTH, M;
' — NpoeKLHs MOJOBUHBI JJIMHBI JIECOHAKOIUTEIS HAa OCh Y, M.
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Pannyc BnmcaHHOW OKPYKHOCTH HAaXOAMUTCS B 3aBUCHMOCTH OT ITOBO-

pOTa JICCOHAKOIIUTENEH, X KOJIUYECTBA U IIUPUHBI:
b!

[ | S— R
180

tg —
n

H

9.11)

=

rae b — IOJOBUHA IMPUHBI JIECOHAKOIUTEINS C YYETOM II0BOPOTA, M.
[TosloBMHA IIMPUHBI JIECOHAKONMUTENS b BBIpa)¥aercs (PyHKIHNOHAIIb-

HOM 3aBUCHUMOCTBIO

b 9.12)

" 2cosa
[Tpoekins TOIOBUHBI JTMHBI JICCOHAKOIUTENS Ha OCh Y HaXOAWTCS B
(YHKIIMOHATLHOM 3aBUCHMOCTH OT JIJIMHBI U yTJIa IIOBOPOTA JIECOHAKOITHTEIS:
p o leosa 9.13)
2
O606mas dopmynst (9.10) - (9.13), moydum 001U BUJ 3aBUCUMO-
CTH BBUIETa MAHUITYJIATOPA OT (PAKTOPOB, MIPUBEICHHBIX B Ta0II. 4:

I - b, 1, cosa 1
" 180 ) 2 cosp - (9.14)
2-cosa-tg

n

H

[Tomyuennoe ypaBuenue (9.14) conepkut 5 nepeMeHHbIX BEJIMYUH, TIPU
M3MEHEHNH KOTOPBIX ObLIa OCTPOEHA 3aBUCHUMOCTb, IPUBE/ICHHAS Ha pHC. 47.
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KonuyectBo necoHakonuteneu (n, ), Wt

Puc. 47. PacueTHblil BBUIET COPTUPOBOYHOTO MAHUITYJISATOPA
B 3aBUCUMOCTH OT KOJIMYECTBA, pPa3MEPOB U YIJia MOBOPOTA JIECOHAKOHUTEIEH:
| — mpu pazMepax JecoOHaKONMUTENEH: IUpUHa 2,5 M, JyInHa 6,5 M,
yroJ moBopota 45°; 2 — npu pazmepax JICCOHaAKONUTeNen: mupuna 1,5 m,
muHa 2,0 M, yroa moBopota (°
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Ha rpaduxe (puc. 47) BUgHO, 4TO 00JaCTh U3MEHEHUS BbUIETA MaHU-
IIyJISITOpA 11 COPTUPOBKH KPYIJIBIX JIECOMATEPUAIIOB IIPU BEEPHOM CXEME
pa3MeIeHUs JTJECOHAKONUTENEH HaxoauTes B nipenenax 3,3 - 14,2 m. Op-
HAaKO PEKOMEHJ0BaTh MPUMEHEHUE TaKOW CXEMbl Pa3MEILECHUs JECOHAKO-
MUATENIEH MOXHO MPHU JHUANA30HE COPTHUPOBKU He Oojiee 10 cOpTUMEHTOB.
CnenoBaTenbHO, COPTUPOBOYHBIA MAaHUMYJATOP B 3aBUCUMOCTH OT KOJIH-
YEeCTBa M Pa3MEPOB JIECOHAKOMUTENIEH PEKOMEHYETCSl BBIOMPaTh C MAaKCH-
MaJIbHBIM BbIIeTOM 10,9 M.

Ha copTupoBKe KpyTibIX JECOMATEPUATIOB IPU (PPOHTAILHOM PACIIO-
JI0’)KEHUH JIECOHAKOITUTEIIEW NIPEAJIOKEHA 3aBUCUMOCTh BbLIETA MAHUITYJIS -
TOpa OT (paKTOPOB, MPUBEACHHBIX B Ta0J. 5. 3HaUeHUST PAKTOPOB MPUHSATHI
C y4eToM (DaKTUYECKUX PA3MEPOB JIECOHAKOMUTENSI U €r0 PACIOIOKEHUS
OTHOCUTEIBHO MAHUNTYJIATOPA.

Ha cxeme (puc. 48) BUIHO, YTO BBUIET COPTUPOBOYHOI'O MAHUITYJISTO-
pa 1pu (POHTAIBHOM PACIIOJIOKEHUH JIECOHAKOMUTENIEH 3aBUCUT OT JIJIU-
HBI JIECOHAKOIMUTENEN U PACCTOSIHUSA OT OCH MAHUITYJISATOPA 10 JECOHAKO-
IIUTEJICHU:

LM=%+S. 9.15)
Tabmuua 5

(DaKTopBI, HCIIOJIb3YCMBIC JIJIA 000CHOBaHHS BbIICTA MaHUIIyJIATOpa

HaumenoBanue ¢dakropa Benuunna gakropa
JlnuHa necoHakonuTens, /,, M Ot 2,0 10 6,5
PaccTosiHre OT ocM MaHUMYJIATOPA /10 JIECOHAKOIUTENA, S, M Orl,5105

Ly

N

o)

/ 2

Puc. 48. PacueTHas cxema Uil ONpeaeseHus BbUIETAa COPTUPOBOYHOIO MaHUITYJISITOPA:
1 — copTHPOBOYHBIN MaHUIYJIATOP; 2 — JECOHAKOIIUTED
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[Tonyduennoe ypaBHeHue (9.15) conepkuT JBE MEpPEMEHHbIC BEIUYH-
HBI, IPU U3MEHEHUU KOTOPBIX ObLIA OCTPOEHA 3aBUCUMOCTS (puc. 49).

Ha rpacduxe (puc. 49) BugHO, 4TO 00JaCTh U3MEHEHUS BbUIETAa MaHU-
MyJATOpa JUIi COPTUPOBKHU KPYTJIBIX JiECOMaTepHalioB Mpu (POHTAIHHOMN
CXEME pa3MELIEHNUs JIECOHAKONUTENEH HaXOAUTCA B mpenenax 2,5 - 8,3 m.
CrnenoBarenbHO, COPTUPOBOYHBIA MAHUITYJISITOP B 3aBUCUMOCTU OT JITTUHBI
JIECOHAKOIUTENEH PEKOMEHyeTCs BBHIOMpPATh C MaKCUMAJIbHBIM BBLIETOM
8,3 M.
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z 1
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E /
g 6
>
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2
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Iq—, /
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20 25 30 35 40 45 50 55 60 65

OnuHa necoHakonutens (/,), M

Puc. 49. PacueTHblil BBUIET COPTUPOBOYHOTO MAHUITYJISTOPA
B 3aBHCHUMOCTH OT JUIMHBI JIECOHAKOIIUTEIICH:
1 — mpu paccTosTHUM OT OCH MAHHUITYJIATOPA 10 JiecOHaKonuTes — 5,0 M;
2 — Ipy PacCTOSTHUU OT OCH MAHUIIYJIATOpA A0 JecoHakonurens — 1,5 m

Ha onepanusx mo mojgade Kpyriblx JieCOMaTEpUaIoB B JIEpeBOOOpa-
OaThIBAIONIME I[EXU C pauajbHbIM, BEEPHBIM U (POHTAIBLHBIM PAaCIOJIO-
KEHUEM JIECCOHAKOMUTEIIEW BBUICT MAHUITYJATOPA PACCUUTHIBAECTCS aHAJIO-
TUYHO COPTUPOBOYHBIM OIEPAIUSIM C COOTBETCTBYIOIIUM PACIIOIOKEHUEM
JICCOHAKONIUTEJICH.

9.3. ObobLieHHasn Mogenb Bblneta MaHUnynarTopa
ONS NECHbIX rPy30B

IIpu 000CHOBaHMU BbLJIETa MAHUIYJISITOpA JJISL JIECHBIX TPY30B HEOO-
XOJAUMO ONPEJETUTh UHTEPBAJI U3MEHEHHUS BbUIETA TI0 BCEM I'PY30I0BEM-
HBIM OIEepallisaM B JIECHOU MPOMBIIIJIEHHOCTH.
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HccnenoBaHus MU yCTAHOBIIEHO, YTO MaKCHUMAaJIbHBIA BBUIET MAHUITY-
JATOpa Ha JIECOCEUHBIX paboTax JOJKEH COCTaBIATh (puc. 50):
- Ha JIECOCEUHBIX padbotax — 11,5 M;
- Ha BbIBO3Ke — 11,0 M;
- Ha COPTUPOBKE:
a) IpU paguaibHON cXeMe pa3MEeIleHUs JIECOHAKOMUTENe — 8,7 M,
0) npu BeepHoit cxeme — 10,9 M,
B) IpU (PpOHTAIILHOM cxeme — 8,3 M;
- Ha TI0/Ia4€ ChIPhA B AEPEBO0OOPa0ATHIBAIOIINE LIEXHU:
a) IpU paguaIbHON cXeMe pa3MEeIeHUs JIECOHAKOMUTENe — 8,7 M,
0) npu BeepHoit cxeme — 10,9 M,
B) IpU (PpOHTAIILHOM cxeme — 8,3 M.
Ha rucrorpamme (puc. 50) BUAHO, YTO JJIsi BOBMOXKHOCTH PaOOTHI C
JIECHBIMU TPpy3aMU NPU Pa3IUYHBIX TEXHOJOTMYECKUX CXE€MaX BBUIET Ma-
HUITYJISITOPA JOJKEH ObITh HE MeHee 8,3 M.
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Puc. 50. MakcuManbpHbIN BBIJIET MAHUITYJIATOPA HA PA3JIMYHBIX ONEpPALIUsX:

1 — copTupoBka no (GpoHTaIBHOM cxeMe; 2 — ojayda B 1eX 0 PPOHTAIBHON CXEME;
3 — COpTHUPOBKA O paguaIbHON cxeme; 4 — mojayda B LEX MO pagualibHON CXeME;
5 — copTHpOBKa IO BEEPHOU cxeme; 6 — mojayda B LIEX 110 BEEPHOU CXEME;

7 — BbIBO3Ka Jieca; 8 — IeCOCeUHbIe pabOThI

CnenoBaTenbHO, MOKHO CII€TaTh BBIBOJ, UYTO BBUIET YHHU(UIIMPOBAH-
HOT'O JIECONTPOMBIIIJIECHHOTO MAHUITYJISITOPA JIOJKEH COCTaBIATH 11,5 M.
OT10 obecrieunt eMy pabOTy Ha BCEX MOIPY30YHO-PA3rPYy30UYHBIX, TPAHC-
MOPTHO-TIEPEMECTUTEIBHBIX U COPTUPOBOYHO-IITAOEIEBOYHBIX ONEPALIMIX
B JIECHOM ITPOMBIIIJICHHOCTH [22].
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10. UCCNEOOBAHME YCTOMUYMBOCTW
MAHUMYJTATOPHOI'O TOIMPY34MKA

10.1. CtaTn4yeckas cocTtaBnsoLwas peakumm onopbl
MaHunyndaTopa

OpHuM M3 BaXHEUIIUX MapaMeTpOB, OMPEICISIIONINX MPUTOAHOCTH
MaHUITYJIATOPHBIX JIECHBIX MAILIWH IS KCIUTyaTaIluH, SIBJISIETCS UX YCTOM-
YUBOCTh MPOTHB OMPOKUIBIBAHUS. JIMHUSA NEHCTBUS MPUBEICHHOW CHIIBI
TSOKECTH (Tpy3a, pabourx OpraHoB — rpeidepa ¢ poTaTopoM, CTPEIIbl, Py-
KOSITH, MAIlIMHbI) JOJDKHA MPOXOJIUTH BHYTPH OMOPHOTO KOHTypa. B mpo-
TUBHOM CJIy4ae Harpy3Ku CO3[aayT B ATHUX MAalIMHAX OMPOKUBIBAIOIIIE
MOMEHTBI, YTO MPHUBEAET K MOBOPOTY OTHOCHUTENILHO JIMHUU OIPOKH/IbIBA-
Husi. Bo n30exxanue onmpoKUABIBAHUS JTOJDKHBI OBITH CO3/IaHBI YCIIOBHSI YC-
TOWYMBOTO PaBHOBECHS, IIPU KOTOPBIX yJEP>KUBAIOIINE MOMEHTHI OTHOCH-
TEJbHO JJMHUU OMPOKUJIBIBAHUS OBLIM ObI O0JIbIIE, YEM OIPOKHIBIBAIOIIHE.
PacrionoxeHne omopHbIX KOHTYPOB KOJIECHBIX MAIlIMH 3aBUCUT OT UX KOH-
CTPYKIIMHU, a IPY MMAPHUPHOM COEIWHEHUHU TATOBOTO U MPHUIIETTHOTO MOJTY-
JIeil OT WX B3aUMHOTO PACIHOJIOKEHUSI OTHOCUTENBHO MPOJAO0IBHON U TOTe-
PEYHOM OCEN CUCTEMBI.

Craruyeckasi yCTOWYMBOCTh MAHUMYJISITOPHBIX MauH (puc. 51) npu
Pa3IUYHBIX COYETAHUSX Y3JIOB M JIJIUH 3BEHbEB MAHUITYJIATOPA SIBISCTCS
3aaueid, Tpedyromieil 000CHOBaHUs METOJIMKHU pacuera. Ha mpakTuke He-
00XOJIMMO 3HAaTh CYMMAapHYIO CTaTHUYECKYI0 W JIMHAMHYECKYIO COCTaB-
JISIOIIKE TI0ThbeMa M TIOBOPOTa Tpy3a.
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Puc. 51. Cxema MaHUIIyISATOPHOW MAILIWHBL:
1 — 6a3a; 2 —croiika; 3 — cTpena; 4 — TenecKonuyeckasi pyKosTh;
5 — pabouue opraunsl (rpeiidep ¢ poraropom); 6 —rpys
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CymiecTByeT HECKOIBKO METOJIMK ONPENEIICHUS YCIOBHM yCTOWYHUBO-
CTM MAHUITYJISITOPHBIX JIECHBIX MAllMH. DTH METOJIMKH OCHOBAHbBI Ha pa3-
JIMYHBIX KPUTEPHUSAX OLUEHKH YCTOMYMBOTO COCTOSHHUS: IO IPEAETBHOMY YT~
JIy ONPOKHUJIBIBAHUS, IO ITOJIOKEHUIO PABHOACHCTBYIOLIEN BCEX CHUJI, JACUCT-
BYIOIIMX HAa MAaHUITYJISATOPHYIO MalluHy, U ap. [23].

Hamra 3amada — noyryquTh BBIPAXKEHUS U1 CTATUYECKOM COCTAaBIISIIO-
el peakiuu onopsl MaHunyssaropa. HeodxoamMo ucciienoBaTh 3aBUCH-
MOCTbH pajinyca LEHTPA TSHKECTU OT BECa MOJHUMAEMOTrO Ipy3a U BO3MOK-
HOM JUIMHBI CTPEIBI U PYKOSITH.

Ha sTom sramne ucciienoBanuil BBEAEM CIEAYIOIIUE OTPAHUYEHHUS:

- JIBWDKEHUEM MAHMIYJATOPA B BEPTUKAIBHOM IUIOCKOCTH MOXHO
MpeHeopeyb, TaK KaK 3TO JABM)KEHUE HE MOXKET MPUBECTU K BBIXOY LIEHTpa
MAacCC 3a JMHUIO ONIOPHOTO KOHTYpPA; YYTEM ABHKECHUE MAHUITYJISATOPA B I'O-
PU30HTAIBHOM IIOCKOCTH, IOJYYUM YPaBHEHHUS IBWKCHUS LIEHTPA Macc
MEXaHUYECKON CUCTEMbI B IJTIOCKOCTU X (1); Y (1);

- BpAlllEHHE BOKPYT BEPTUKAIBHOW OCH IPUMEM B MEPBOM MPUOIH-
YKEHHH PABHOMEPHBIM C YIJIOBOW CKOPOCTBIO (;

- YTOI MEXIy CTpesoi U pykosTsio mpumeM papubiM 180° (T.e. pac-
MOJIOXKEHBI OHHU TOPU3OHTANILHO), YTOOBI MCCIENOBATH MPEIAEIbHOE CO-
crosiuue (yactu OA u AB nHa puc. 52);

- 3axBaT MAHUITYJIATOPA U LEHTP TSHKECTH IPy3a COBIIAIAIOT;

- crouka O/ — BepTUKaJbHa,

- MaHHNYJATOPHAS MAalllMHA HAXOJWUTCS Ha TOPU30HTAILHOU MTOBEPX-
HOCTU;

- CTpena — OAHOPOJHBIM CTEPKEHD, PYKOSATh UMEET TEIECKOMUYECKH
BBIJIBIJKHBIE 3BEHBS, CIIEIOBATENBHO, B CEYEHUH €€ MOXXHO CUHTATh PaB-
HOOEPEHHOM Tpamnenuneil ¢ OCHOBaHUSIMU a, b (puc. 53) U BeICOTOM Ls3;

- 3axBaT HAXOJHWTCS Ha >KECTKOW CBS3M, MOATOMY BEPTHUKAJIbHBIMU
KOJICOAaHUSIMU Tpy3a MpeHeOperaem.

7
L Ls N
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XZNEC ¢ Y Gr ~
el AB _ -
R e - N mc
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7 l% Li(X4) _

Puc. 52. PacueTHas cxema B3auMOACUCTBHSL MAHUITYJIATOPHON MaIIUHBI
C Tpy30M (BHU C3a]111)
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OTMeTUM, YTO UM C YY4E€TOM TaKUX OTpaHWYEHUH, KOJUYECTBEHHBIE
XapaKTEPUCTUKHU TpoLiecca AAIOT JOCTATOYHO BECKHUE AapTyMEHTHI JIs
BBIBOJIOB 110 CTATUYECKOW YCTOMYMBOCTH MaHUITYJISTOPHON MAIIUHBI.

Hcnonp3yeM ypaBHEHMs IBWKEHUS LIEHTPOB Tsbkecth. Ha puc. 52
MIPUBEJICHA pacyeTHas CXeMa MaHunyJaropa, rae C; — UEHTPhl TSHKECTH
OTZEJIbHBIX 4YacTe cucTeMbl; Gy — CWIIa TSDKECTH MaluHbL,Ge, — CHIIa
TSKECTU CTOUKHU; G — CUia TSHKECTH CTpenbl; Gp — CHIIa TSHKECTH TeJe-
CKOIMYECKOU pyKosiTH; G, — CHIIa TSDKECTHU Ipy3a; G, — CHIIa TSHKECTH pa-
O0ounx opraHoB (poraropa BMecTe ¢ rperdepom); /4, — BhICOTA IIAPOBOTO
IapHUPA OTHOCUTEIBHO MOBEPXHOCTU MAIIUHBI; [ — BBICOTA IIAPOBOTO
HIapHUPA OTHOCUTEIBHO MOBEPXHOCTH 3EMJIH.

CBsbxeM cucteMy oTcyera ¢ LHeHTpoM TskecTh € 0a3bl MalllWHBL
Ilycte L, He mpebimaer 10 MeTpoB, 3a1aAuM UHTEPBAI U3MEHEHUN JJIAH:
OA=L =2-5m, AB=L =5-8M.

VYpaBHEHHS IBM>KEHUS IIEHTpa TSHKECTH MAHUMYJISTOPHOM MAIIMHBI B
BBIOPAHHOM CHCTEME KOOPMHAT UMEIOT BUJL:

X :X](GM+GCm)+X2GC+X3GP+X4(GPO+G8)’ (10.1)
G, +G.+G,, +G,+G, +G,

Y(G, + G, )+ ¥,G. +Y,G, +Y,(G,, +G.)

Y. = , (10.2)
G,+G.+G, +G,+G,, +G,
2,G, + 2,6, +2,G, + Z,(G,, +G,)+ Z,G

Z. o (10.3)
G, +G.+G,, +Gp +Gp0 +G,
Bl
e
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Puc. 53. PacueTHas cxema B3aMMOJECHCTBHSI MAaHUITYJIITOPHON MalIMHbI
C TPYy30M (BU]I CBEPXY)
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[TokazaHHbIM HA pUC. 53 YOI ¢ MEHSAETCS JIMHEMHO CO BPEMEHEM, T. €.
p=ot.

g uccnenoBaHuss yCTOMYMBOIO PABHOBECHUS 3HAYEHUS HMEIOT,
IJIaBHBIM 00pa3oM, ypaBHeHus 1 X¢, Y, MOCKONBKY B 3aJlaHHOM ITpH-
OJIMDKEHUU PYKOSITh CUUTAETCS HEMOJABUKHOM OTHOCUTEIIBHO CTPEIIbI, T. €.
Zc = const.

3anuiineM ypaBHEHHUS JBM>KEHUS IEHTPOB TsikecTu Ci:

LEHTP TSKECTU MAIIMHBI U CTOVMKH

X, =0,7Y =0;

LHCHTP TSKCCTHU CTPCIIbI

X, = %cos (wt), Y, = %sin(wt); (10.4)
- LIEHTP TSDKECTU PYKOATH:
L L
X = L+—+ .4 cos(wt), Y=L + L - La sin(wt), (10.5)
3 3(a+b) 3 3(a+b)

LEHTP TSHKECTH Tpy3a € TpeepoM U poTaTopoM
X,=(L, +L,)cos(wt), Y, =(L,+L,)sin(wt). (10.6)
31eCh @ — Yri0Bas CKOPOCTh BPAILLICHUS CTPEIBI.

IToncraBum ypaBHenus (10.4) - (10.6) B ypaBuenus (10.1) u (10.2).
[Tonyunm:

L L, La
5 cos(a)t)GC + (Lz + 3 + 3(a . b)jcos(a)t)Gp +

v + (L2 + L3)cos(a)t)(Gpo + Ge) (10.7)
¢ G, +G.+G, +G, +G, +G, ’ '

Ly Lo La )
5 sm(a)t)GC + (Lz + 3 + 3(a +b)Jsm(a)t)Gp +

L (L, + L, )sin(et )G,, +G.) Q00
¢ G, +G.+Gg, +G, +G, +G, ' '

O6o3HaunM B 3TUX ypaBHEeHUsX uepe3 G, G, G, clenyrolue cooT-

. GC
HOmeHU: G =G, +G. +G,, +G,+G, +G,, G, :7+Gp +G,, +G,,
G a-G
G, =—"F+—"—+G, +G,.
3 3-a+3-b ’
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B >Tux 0003HavYeHUAX JJIs1 KOOPAUHAT IIEHTPA TSHXKECTH CUCTEMBI IM0-
Jy4aeM:

L,G +L,G

L,G +L,G
X =22 cos(at), ¥, = 21— 32
G

sin(er). (10.9)

Hckmrodast mapameTp ¢ U3 ypaBHEHHUM, ITOJYYUM YPABHEHHUE OKPYKHO-
CTH — TPAEKTOPUHU JIBUKEHUS LIEHTPA TSKECTH CUCTEMBL:

2
LG + LG
X24y2=| 2T ) (10.10)
G
LG + LG,
Pa):[I/ch OKPYXXHOCTH, R=——————-, [ABJIETCA MAaKCHUMaJILHO J10-

MyCTUMBIM. OUYEBHUIHO, YTO MPU 3aJABUKECHUHU PYKOSATH PAIUYC TPACKTO-
puu OyJIeT TOJIbKO YMEHBIIATHCSI, 00ECIIeurBasi TEM CaMbIM TP 3aJIaHHBIX
BenmuuHax Gj, L; COCTOSTHUE YCTOMYUBOCTH.

PacueTsl paguyca IEHTpa TSDKECTH MPOBEAEM INPU MPEIeIIbHBIX
sHauenusx: Gy = 130 xH, G¢,, = 9,6 kH, G¢c = 2,9 kH, G, = 11,5 kH,
G, =4 kH, b = 2a, npu 5TOM 1MHA CTpensl L, OyaeT U3MEHATCS OT 2 A0
5 M, a macca rpy3a G, uamensaerca B npenenax ot 3 go 20 kH. Iomyunm
3aBUCUMOCTH paauyca R or mapameTpoB L,, Ls;, Gp (puc. 54). Pacuer
BBITNIOJIHEH B JIMIIEH3MOHHOM TTporpamme MAPLE 9.5.

IIIII’
L7 AT
fi
LETTTTALLT
'IIIII;’IIIIID- iy
pre iy i

Puc. 54. 3aBucuMocTb pasnyca HEHTpa TSHKECTH OT Beca IMOJHUMAEMOTO Ipy3a,
JUIMHBI CTpenibl (a) U pyKosiTh (0)

Kak BumHo u3 rpaduka (puc. 54), paaudyc TpaeKTOpUM IIEHTpa
TSDKECTH CJ1a00 3aBUCUT OT JIJIMHBI CTPEJIbI U PYKOATH, B OCHOBHOM PaJnycC
LIEHTPa TSHKECTU OIpeNeisaeTcss BecoM Tpy3a. Ilpu yBenuueHuu JiIuHBI
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CTpelabl M  COOTBETCTBYIOIIEM  yMEHBIICHUM  JUIMHBI  PYKOATH
YBEIIMUHUBACTCS PAINYC TPACKTOPUH LEHTPA TKECTH.

B cBsa3u ¢ orpannuenuem L; = L, + Ly = 10 M yBeJIMYEHUE JJIUHBI
PYKOATH aBTOMATUYECKM NPUBOAUT K YMEHBIICHHUIO JJIMHBI CTPEBL,
BCJIEJICTBUE YETO LIEHTP TSHKECTU PYKOSITU CMELIAETCS B HANPABIEHUNA OCH
MaHHUMYJSTOPA, T.€. K €r0 CTOWKE, U paguyCc TPACKTOPUM OOIIEro IEHTpa
TSPKECTH COOTBETCTBEHHO CMEIMIAETCS K CTOMKE, T.€. YMEHBIIAETCS.

C npyroii CTOpOHBL, B CBA3U € orpannyeHuem L= L, + L;= 10 m yBe-
JIMYEHHE JUTMHBI PYKOSATH aBTOMATUYECKM O3HAYAET YMEHBUICHHE JUJIMHBI
CTpENbl. DTO NPUBOJIUT K CMEIICHUIO IEHTPOB TSHKECTH U CTPENBI U PYKO-
ATH B HAPABJICHUH CTOMKHU, a 3HAYUT, U OOLIUHN LIEHTP TSHKECTH CMEIaeT-
ca K croike. Kak ciencrBue yMeHbIIAETCS PaguyC TPACKTOPUM LIEHTPA
TSYKECTH, KaK 3TO BUJHO Ha pucyHke 54, 0. I3MeHeHue paauyca B 3aBU-
CUMOCTH OT JJIMH CTPEJIbl WM PYKOATH cocTaBisier He Oosiee 20% w
MPAKTHYECKU HE 3aBUCUT OT 3HAUCHUSI CHJIbI TSXKECTU Ipy3a (U3 UHTEepBaia
ot 0,3 no 20 kH). bonee Bcero paanyc TpaeKTOpUU LEHTPA TSKECTU Ma-
HUITYJISITOPHOM MAIlIMHBI 3aBUCUT OT CHJIBI TSDKECTH rpy3a (3TO BUAHO Ha
puc. 54), mensisack 6osiee uem Ha 100 % [24, 25].

Panee paccMoTpeHHas cratndeckas yCTOMYMBOCTh MAaHUITYJISATOPHON
MalllMHbl OT ONPOKHUABIBAHUS IMO3BOJIUT MOJ00paTh HapameTpbl 0a30BOIi
YaCTH MAallUHBI.

Jlanee HE0OXOAMMO MPOBEPHUTH, BBIWJIET JU MAaKCUMAJbHBIN paanyc
IIEHTPAa MacC 3a JIMHUIO ONMPOKUbIBaHUS (pUC. 55), MJIsl 3TOr0 ypaBHEHHUE
OKPY>KHOCTH Y JIMHUH OIPOKHUIBIBAHUS HAJI0 POBEPUTH HA COBMECTHOCTb.

Junua
ONPOKUOBIBAHUA

.
~

— - IR L — -—
| \.u./]lbaekmopuﬂ

L yermpa mAoxcecmu

Puc. 55. PacueTHas cxema [uisl ONpeeneHusl COBMECTHOCTH YPaBHEHUI
OKPY’KHOCTH Y JIUHUU ONPOKUIBIBAHUS:
| — mur; 2 — koseco; 3 — ayTpurep; 4 — oTBaI
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3anuiueM 3TH ypaBHEHUS B OOLIEM BUJE:
X? +Y? =R® — ypaBHeHHE OKPYKHOCTH; (10.11)
X =nY + m — ypaBHEHHE JIMHUU OIIPOKUbIBAHU. (10.12)

[Ipu 3TOoM KO3 PUIIUEHTHI 7 U M ONPEAECIAIOTCS U3 MapaMeTPOB Ma-
mUHbL L4, Ls 1 Lg (cM. puc 55), KOTOpbIE JIJI1 JAHHOT'O TUIA MAlllMH HaXo-
narcs B mpegenax: SM <Ly <8M,32M=<Ls<45Mm22M<Ls<3,5M.

Paccmorpum nipenenbHble citydan: mycTb Lys =35 M, Ls =32 M, L¢=2,2 m.
B sToM ciyyae mammHa MMEeT MUHUMaJbHbIE TabapuThl. Onpeneiaum Ko-
OpJIMHATHI JBYX TOYEK, Yepe3 KOTOPHIE NPOXOAUT JIMHUSA ONPOKUIBIBAHHUS.
IlepBast Touka — 3TO camasi BEpXHSSA TOUYKA KOHTypa ONPOKHUIBIBAHUS, BTO-
pasi TOUKa — BepXHsA IpaBasi TOuka 0a3bl MalliuHbI (cM. puc. 55). Ucnomns-
3ysl 3TU KOOPAMHATHI, MOKHO HAWTH MMapaMeTpsl 7, m ypaBHeHus (10.12):

{XA =0, Y,=16 013
X, =25 7Y, =1L (10.13)

IToncraBnsst (10.13) B coorHomienuwe (10.12), momydum cucremy
YPaBHEHUM 1711 3HAYCHUU 1 U m:

0=nl6+m
2,5 =nll+ m.
Pemras cucremy ypaBaeHuit (10.14) oTHOCUTENBHO 7 U M1, IOTYYUM

=-5
m = 8.

Torma ypaBHeHHE JIMHUHM ONMPOKUIBIBAHUS ISl MPEASIBHOTO CiIydast
OyJIeT BBITJISZIETH CICAYIOIIUM 00pa3oM:

X =-5Y +8. (10.15)

Jlanee pemraem coBmectHo ypaBHenus (10.11) u (10.15) mus Toro,
YTOOBI BBIICHUTh, HET JIU TOUEK nepecedyeHus. Oka3anock, 4To NIpu 3aaH-
HBIX MUHUMAQJIBHBIX TabapuTax MallMHbl U MAaKCUMAJIBHOM paJiiyce IEH-
Tpa MacC ypaBHEHHE OKPY>KHOCTH U YpPaBHEHHUE JIMHUM OMPOKHUIBIBAHUS
MMEIOT OOIIHWE TOYKH, Y4aCTOK MEXKIYy KOTOPhIMHU omnaceH. KoopaumHaTbl
ATUX OOIIMX TOYEK PABHBI

X, =129; Y =134

X, =-0,67; ¥, =1,73.

CrnenoBaTenbHO, IIEHTP MAacC B 00JaCTH MEXAY dTUMHU JIBYMsI TOYKa-

Mu (10.16) BBIXOAUT 3a JTUHUIO ONPOKUJBIBaHUS. ECiu npu 3a1aHHBIX ra-

OapuTax MAaHUMYJISATOPHOW MAIIMHBI YPaBHEHHE IIEHTPA MacC U ypaBHEHUE
JIMHUM ONPOKUIBIBAHHUS HE HMMEIOT JEUCTBUTEIBHBIX PEUICHWUW, 3HAYWT,

(10.14)

(10.16)
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ONPOKHUIBIBAHUS MAIIMHBI HE TTPOU30MIET. ITO BO3MOXKHO IPH OIpEAETe-
HHOM BE€CE€ Ipy3a, KOTOpPBIM HE JOJDKEH IPEBBINATh ONPENECISIEMBIC W3
ypaBHeHU 3HaueHus. COOTBETCTBUE MEXK]y rabapuTaMu MAlllUHbl U MaK-
CUMAaJIbHBIM TPYy30M IIPUBEJICHO B Ta0!. 6.
Tabnuua 6
MakcumaibHO BO3MOKHBIN BEC TPy3a

["abapuTbl MAaHUNYJSATOPHON MalIMHBL, M | MaKcuMallbHO BO3MOKHBIN Bec rpy3a, KH
L, Ls G.
5,0 3,2 14
5,2 3,3 15
5,5 3,5 17
5,7 3,7 19
6,0 4,0 23

[IpuBeneHHble B TabiMIle pe3yabTaTbl MOT'YT MCHOJB30BaThCA IPHU
noadope 0a3bl MAHUIYJIATOPHON MAIIMHBI WJIM MAaKCUMAaJbHBIX HArpy30K
Ipu U3BecTHOM 0asze. Hampumep, norpy304HO-TpaHCIIOPTHAS MAIlIMHA IIU-
pusoit 3,2 M, mmHOMN 5,0 M HE ONPOKUHETCA TMPU MIEPEHOCE Ipy3a HA MaK-
cumaiabHOM BbuieTe A0 1400 Kr, 4TO BHOJIHE TOCTATOYHO ISl IPOBEICHUS
[IOrPYy304YHO-TIEPEMECTUTEIILHBIX OIEpalli B JIECHOM KOMILUIEKCE. Ycra-
HOBJIEHO, YTO MOIPY30YHO-TPAHCIIOPTHAS MalllMHA ¢ Tabaputamu 4x7 MeT-
POB MOXET Ha MAaKCHMAJIbHOM BBUIETE€ CTpPEIbl NEPEHOCUTHh TPy3 B
2 TOHHBL.

HccnenoBanus, NMPOBEECHHBIE C KCHOJIb30BAaHUEM PACCMOTPEHHOM
pPacYETHOM CXEMBbI, TO3BOJIWIN OLEHUTh CTATUYECKYI0 YCTOMYMBOCTH Ma-
HUITYJISITOPHBIX MAIMH U JaTh PEKOMEHAAIMHU [0 MX MaKCHUMAaJbHO BO3-
MOXHOMY Harpy>K€HUIO B 3aBUCUMOCTH OT radapurtoB (cMm. Tadi. 6). Tax
KaK YCJIOBHSI Harpy>KeHUsi MOT'YT MEHSThCA B 3aBUCHUMOCTU OT BEJIMYMHBI
Harpy3Ku, BbUIETA CTPEINbL, MOJIOKEHHUSI MAIIMHBI HA MECTHOCTHU (paboTa Ha
HAKJIOHHBIX Y4YacCTKax), TO YCJOBHS JIOCTATOYHOW YCTOMYMBOCTU JOJKHBI
OBITH COOJIIOZIEHBI MIPU BCEX MOJOXKEHUAX MAIIMHBI B HArpy>KEHHOM WJIU
HEHarpy>K€HHOM COCTOSIHUHU.

Heo0xoauMo OTMETUTh, YTO KPOME CHUJIbI TSXKECTU 3JIEMEHTOB MaHHU-
MyJATOPHOM MamuHbl (Tpy3a, rperdepa ¢ poTaTopoM, CTPENbI, PYKOSTH,
0a3bl MalllMHbI) CYIIECTBYIOT U APYTHUE€ HArpy3KH, TAKKE CIOCOOCTBYIOIIHE
€€ OINPOKHU/IBIBAHUIO, HAIIPUMEDP, PE3KUE BETPOBBIE BO3JCUCTBUS, BO3ACH-
CTBHUSI BCIIEJICTBHE CIy4YalHBIX 3alECNIOB 32 PSIOM PACHOJIOKEHHBIE Jepe-
BbsI, [THU U T. 1, KOTOPbIE B JAHHOM HMCCJIEJOBAHUN HE YUUTHIBAIUCH.

Y CcTONYMBOCT MAHUNYJIATOPHBIX MAIIUMH MPOTUB ONMPOKUIBIBAHUS BO
MHOT'OM OIpEAEINSIET UX Pad0TOCIOCOOHOCTh U O€30MaCHOCTb.
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10.2. dnHamun4yeckas coctaBnsatowas peakumm onopsl
MaHunynaTopa

JInHamMu4eckass COCTAaBIISIIOIIAs TMEPEMEIICHUN Tpy3a MaHHUIYJIATOP-
HBIM IIOTPY34YMKOM B 3HAUUTEIBHOM CTEIIEHW OKa3bIBAET BJIMSHHUE HA yC-
TOMYHUBOCTH MallMHBL. MaremMarudyeckas MOJENb pacyeTa BIMUSAHUSA AUHA-
MHYECKHX HArpy30K Ha YCTOWYHMBOCTH T'PY30IOABEMHBIX MAIIWH IPE.I-
CTaBJIsIeT cO0O CaMOCTOSITENBHYIO 3aady, pEeuIeHue KOTOPOl MPOBOIAUM
Ha MaTeMaTUYECKON MOJEIH.

B cooTBercTBMH ¢ METOAMKON MAaTEMATUYECKOTO MOJEIMPOBAHHUS T10-
CTaBUM 33J1a4y MCCJIEAOBAaHUS THUHAMUYECKOW COCTABJIAIOIIEH PpPEAKINUH
ONOp [JIsl YTOYHEHUS YCIOBUM YCTOMYMBOCTU MAHUILYJIATOPHOU MAallWHbI
JUTSL IECHBIX Tpy30B (puc. 56). [lonaraem, 4To NpesIOKEHHBIA pacyeT Io-
3BOJIUT OLICHUTh JIONOJIHUTEIIbHBIE TUHAMUYECKUE PEAKIUU OIMOp JIHOOBIX
MAaHUIYJATOPHBIX U OABEMHO-TPAHCIIOPTHBIX MAIIIUH.

/2 3 4 5 6
/ar "-‘—;ib\

|\ T~

LG I .

il u T \\\.

S
)

\\\\\\
&wl
1
O
'/I/l/

)

Puc. 56. Cxema MaHUIIyISATOPHOW MAILIWHBIL:
1 — 6a3a; 2 — croiika; 3 — cTpena; 4 — TeIeCKOMuYecKast pyKosiTh;
5 — pabouue oprausl (rpeiidep ¢ poraropom); 6 — rpys

Cxemaruzanusa oObEKTa MPEANnoaraeT ynpoueHuss KOHCTPYKIUU ITPU
COXPAaHEHUU OCHOBHBIX €r0 Pa3MepOB, OTHOCUTEIBHOIO PACTIOJIOKEHHUS.

Ynpowenus.: crolika, ctpeiia, pyKosiTh B KaueCTBE MEPBOIro MpUOIu-
YKEHHS CYUTAIOTCS OOHOPOIHBIMU CTEPKHSAMH; TPY3 COCPENOTOYEH B TOUKE
Ha KOHIIE PYKOSITH; OITOPbI CTOMKH — MOJAIIATHUK Y [MUINHAPUYECKUHN 1Iap-
HUp; CTpesa BpaIlaeTCsl BOKPYT CTOMKHU B TOPU30HTAIBHON INIOCKOCTH.

Buvioop napamemposg. 11epBrolil mapameTp — yrjioBasi CKOPOCTb @ Ma-
HHUITYJIATOPA, KOTOPAsk B KQXKJAOM OTIAEIBHOM UCCIEAOBAHUH CUYUTAETCS I0-
CTOSIHHOM NJI1 TOTO, YTOOBI B MEPBOM MPUOIMKEHUN NPEHEOpeUYb TaHTeH-
HAAIBHBIMU COCTABIIIOIIMMH CUJI HWHEPLUU. TaHT€HOHAIbHBIE COCTAB-
JSAIOIIME BAXHBI B 3a7]a4aX, CBA3aHHBIX C NEPEXOJHBIMH IMPOLECCAMU OT-
pbhIBa WJIA TOPMOXKEHHS. B TaHHOM ciydae OrpaHMYMMCS PAaCCMOTPEHHEM
CTallMOHAPHBIX ITPOLIECCOB.
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Bropoiil napameTp — cuia TsSLKECTH rpy3a, KOTOpyIo OyieM U3MEHSTh B
OIIPENIEIICHHBIX IIpeenax.

Tpernii napameTp — yroa Mexay pyKOsITbIO U BEPTUKAJIBIO.

Ilocmanoeka 3a0auu. TpedyeTcs MOMYyYUTh BBIPAKEHHS JJI JMHA-
MHYECKUX COCTABJLIOIINX PEAKIMM ONIOp MaHUIYJIATOPA, UCCIEA0BATh 3a-
BHUCUMOCTb JTHHAMWUYECKOM COCTABIIIONIEH OT Pa3JIMYHBIX ITapaMeETpPOB
(yrimoBast CKOpPOCTb, BEC Ipy3a, YroJl HAaKJIOHA PYKOSTH), BBIYUCIUTH I1O-
MPaBKU K ONPOKUIBIBAIOLIIEMY MOMEHTY, OOYCIIOBJIEHHbBIE TUHAMHYECKOMI
peaKuuen OIop, OLEHUTh KOJIUYECTBEHHO JIONOJIHUTEIBHBIE OIPOKHIbI-
BAIOIIME MOMEHTBHl OTHOCHUTEJIBHO CTATUYECKOTO ONPOKUABIBAIOIIETO MO-
MEHTa B 3aBUCUMOCTH OT IIapaMeETPOB.

Mamemamuueckasn ¢popmynupoeka 3adauu. VIcrions3yeM ypaBHEHHUs
KMHETOCTATHKHU 1Mo npuHuuny lamamOepa. Ko BceM akTHBHBIM BHEIIHUM
cuJaM M peakuusM CBs3ed J00aBUM CHIIbI MHEPIMU (TJIaBHBIE MOMEHTHI
CUJI MHEPLIUH paBHbI HyJ10). Ha puc. 57 npuBeneHa pacueTHas cxema Ma-
HUIYNATOpa, TAe X 4, Yu, Z4, Xz, Y5, Zs — PEAKIUH OTIOPHI COOTBETCT-

BEHHO B TOUKax A u B; L — nuuHa crpensl; L, — IiuHa pyKoaTH; G, — cu-

Ja TSDKECTH CTpenbl; G, — Cuila TSHKECTH TEIECKONMUYECKOM PYKOSTH;

G

3
poraropom); G, — CHJIa TSDKECTH CTOMKH; M — MOMEHT OT JBHUIaTENs; @ —

2
— cuJla TSKECTU Tpy3a BMecTe ¢ pabouumu opraHamu (rpeidepom u

yIJ0Basi CKOPOCTh MAHMIYJATOpA; A, — BBICOTA CTOMKH; i — IIJIEYO paB-

HOJIEMCTBYIOILIEN @, CUCTEMBI CUJI MHEPLMH, IPUKIAABIBAEMBIX K PYKO-
AT, ®1 1 @3 — CUIIBI HHEPLIUU.

hcm

Puc. 57. PacueTHas cxema
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PaccMmoTrpuM paboTy pykosiTu MaHUNyJaTopa. Tak Kak B KaXKJ10M TOY-
KE Bpalllatomiehcst pyKosiTu (110 ONPEACICHHBIM YIJIOM S MEXy OChIO PY-
KOSITU W BEPTUKAJIbIO) CUJIBI MHEPIIUU pa3Hble, HailleM TOuKy K Mpuiioxe-
HUS PEe3yJIbTUPYIONIEH CUIbI HHepuu: ®: = —m, -d., , TAE my — Macca py-
KOATH, d., — YCKOPEHHE IIEHTPA MacChl PyKOATH. J[JI1 3TOro onpeaeaum
IJIEYO /1 PABHOJICUCTBYIOIIEH CUCTEMBI CUJI MHEPLIMM OTHOCUTEIILHO TOYKHU
O. MOMEHT paBHOACHUCTBYIOIIEH CUCTEMBI CHJI HHEPIIUH, IPUIOKEHHOU B
Touke K, oTHOCHUTENBHO TOYKH () pPaBEH CyMME MOMEHTOB BCEX 3JIEMEH-
TapHbIX CUJI @, HHEPUUHN OTHOCUTENIBHO TOUYKHU O.

Ha snementapHoMm ywactke d&, HaxOIIIEMCA HA pacCTOSHUM & OT
Touku O, neicTByer cuia O, MHEPLMH, paBHAs MPOU3BEICHUIO MACCHI HA
HOPMaJIbHOE YCKOPEHHUE:

®. =wRm,, (10.17)
rae R; — pacCTOsIHHUE OT AJIEMEHTAPHOIO y4acTKa d& 10 OCU BPalllCHUS;

m; — Macca 3TOro y4acTKa.

B cooTBeTcTBUM C pHC. 57 nodayuuM: R = L + &Esin(). Maccy anemen-
TApPHOIO Y4acTKa MOXKHO 3alucarb, Kak m. = pdé (p — ynenpHas Macca).
Torna Beipaxkenue (10.17) npumer BUA:

O =w>(L + Esin(B))pdE .
IIne4o cunsl ®, oTHOCHTENBHO Touku O cocTaBiseT /i = & cos(3).
MowmeHT cuiibl @, OTHOCUTENBHO TOYKHA O HAaXOJAT 10 (popmyIie

M, =E&cos(B)w>(L, + Esin(B))pdé . (10.18)
N3 ypaBuenus (10.18) u ycrnoBUsi paBEeHCTBA MOMEHTOB TTOJTYYUM
D h= j & cos(B)w>(L, + Esin(B))pdé . (10.19)

Monynb cuibl uHepuuu @, =m,a;, .

Yckopenune B Touke C, UMEET BUJT
a., =o’R.,
L .
rae R, =L, + Esm(ﬁ) — paJuyC BpalICHUS.
Tornma

a, = a){LI ; %sin(ﬁ)j, (10.20)

®, - ma)(L +%sin(ﬁ)j. (10.21)
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IToncraBuB Beipaxkenue (10.21) B ypaBHenue (10.18), momyuum
mza){Ll + %sin(ﬁ)jh = Jgé cos(B)w>(L, + Esin(B))pdé,  (10.22)

rae m, =pL,, p, ®, cos(f), sin(ff) — MOCTOSSHHBIE BETUUNHBI.

N3 ypaBuenus (10.22) HaiineM 1miedo CHIIbl HHEPLHMH (PACCTOSIHUE OT
nuHun aerctBus cuiibl @, 10 Touku O):

he cos(B)L,(3L, +sin(B)2L,)
- 6L +3L,sin(B)

s onipeneneHus peakiuy Ornop B TOUKax A U B COCTaBUM CHCTEMY
YpaBHEHUW KUHETOCTAaTUKH (mpuHImn lanamOepa) — Tpu ypaBHEHHS IS
CWJIBI [; ¥ TpU ypaBHEHUS U1 MOMEHTA M;:

SF 30, =0

LF,+20,=0

LF +2.®0,.=0

=M, +EM =0 (10.23)
XM, +XM =0

XM +XM 2 =0,

rac M — MOMCHTHBI aKTUBHBIX BHCIITHUX CUJI U peaKuHﬁ CBHSGﬁ;

M;® — MOMEHTBI CHJI HHEpIIUN.
N3 nepBoro ypaBHenus cucteMsl (10.23) nonyuum X, =—-X

5
Bo Bropoe ypaBHenue cucremsl (10.23) Y, +Y, +D +D, +D, =0
MOACTaBUM CHUJIbI HHEPLIVU:

— 1
CD] —l’l’l]Ct)ZE——Ct)2

@, = mza)Z(L] + isin(ﬂ)j = —Za)Z(L] + isin(ﬁ)j ,
2 g 2
O, =mao(L +L,sin(B)= 2w (L, + L,sin(B)).
8

3anucaB Maccy 4epe3 CHIY TSKECTH, MOJYYUM YPAaBHEHUE C JIBYMS
HEU3BECTHBIMU (PEakUnu O1op):

L L
Y, +Y,A Gyl G a)2(Ll+—zsin(ﬁ)j+
g 2 g 2

G (10.24)
+——0*(L,+L,sin(B))=0.
g
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N3 Tperhero ypaBHEHHUS CUCTEMbI MOJTYYHMM KOMIIOHEHTY pEakiuu B
TOYKE A:
Z,=G +G,+G, +G,.

UYetBeproe ypaBHeHue cuctemsl (10.23) umeet Buj

Y,h,, +G1L2—‘|rd) h +G2(L1 +%sin(,8 ))+CD 2 (B, —h)+

+G, (L1+L2sin(,8))+CD3(hcm ~L,co s(,B)):O.
Torpa mis Yp nomydnm:

-G L _ @ (h, _ COS(ﬂ)Lz (3L1 + %in(ﬁ)ZLz)] __
- 6L, +3L,sin(B) 1

Y =~ G.(L + L, sin(8) - &.(h. — L cos(5))- h_]. (1025)
—GZ(Ll +%sin(ﬁ)j—cl)1hcm :

N3 ypaBuenus (10.24) nonyunm peakuuto Y, B ToUuke A.

N3 naroro ypaBHenus cucteMsl (10.23) nomyuum: Xz =0, X; = 0.

W3 mectoro ypaBHEHUsl CIEAYyeT, YTO MOMEHT OT JBUTATENsl PaBEH
MOMEHTY CONpOTUBIIeHU (yckopeHue ¢ = 0).

Hccnenyem quHaMHAYECKyl0 peakluio onopsl Yz — ypaBHenue (10.25).
Peakuus onopsl BKJIIOYAET B C€0S1 CTATUYECKYIO U IMHAMUYECKYIO COCTaB-
astrone. JIMHaMudecKast COCTaBistomas Y, peakiiuy OIMOphI, CBI3aHHast

C HOpMaJIbHbIMM KOMITOHEHTaMU CHJI MHEPLUH, 3aBUCHUT OT YIJIOBOM CKO-
pOCTH @, yria f W cuibl TsKecTu rpysa. IlonmydeHHoe 3HaueHue OyAeT
MAaKCUMAaJIbHBIM, TaK KaK MaHUITYJISITOP HAXOAUTCS B TUIOCKOCTU Y-Z.

JInst pacyeToB MPUHUMAEM CEPUHHO BBITYCKAEMbBIA MaHUITYJISITOP
BAKM 1600-4, Tak Kak ero XapakTepUCTUKHU OJIM3KU K paHee 00OCHOBaH-
HbIM. M3 TexHuueckon xapakrepuctuku Manumynstopa bAKM 1600-4
umeeM: G = 2.9 kH; G, = 11,5 kH; G5 = 14 xH; A, = 2 M. Yron S uzme-
usercs ot 0 1o 1,6 pan, a yrinoBast ckopocth w — ot 0 10 1 pazg/c.

C nomomsto nporpammbl MAPLE 9.5 ctpouMm 3aBUCMMOCTH TMHAMMU-
YECKOM COCTaBIISAIONIEH OT YIII0BOM CKOPOCTU @ U yriia f (puc. 58).

N3 pucyHka BUAHO, YTO MAKCHMAJIbHBIE 3HAUEHUS MO aOCOIIOTHOMN
BEJIMUYMHE JUHAMHUYECKAsI COCTABJISAIONIAs JOCTUTACT NpU @ = 1 pan/c u f =
=1,6u0,3 pan (ma L, =5M, L,=5m)u f=0,6 pan (uns1 L; =2 m, L, =8 m).
[Ipu rOpuU30HTAIEHOM PacHoJIOKEHUU PyKoATH (S = 1,6 pan) cuibl uHEp-
LMY TPYy3a U PYKOATH JOCTUTAIOT MAaKCUMAJIBHBIX 3HAYEHUM, IPU 3TOM AU-
HAMHMYECKAs COCTaBJIAIONIAs peakiuu onopsl paBHa 23 kH. IIpum manbix
3HAUEHMSX YIJIa ff TPY3 OKa3bIBAECTCS rOpa30 HIKE CTOMKH, CUJIa HHEPLIUU
rpy3a CO3/1a€T MOMEHT APYroro HampaBJICHHs] OTHOCUTEIBHO OCU X, 4UTO
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MEHSET 3HaK TMHAMUYECKOM COCTaBJIAIONIEH peakIuu oropel. YeM OosbIie
JUIMHA L, PYKOSITH, TEM IpHU OOJbLIEM Yrie ff TPOUCXOAUT CMEHa 3HaKa
JTMHAMUYECKOU cocTaBiisitoniel. ParmonansHble 3HaueHus yriaa ff ot 55°
(puc. 58, a) mo 65° (puc. 58, 6). B a3ToM HMHTEpBajge MMEET MECTO Hau-
0oJpIIasl YCTOMYUBOCTh MAILIMHBI TPOTUB ONPOKUIBIBAHUS [26, 27].

204

ety
osaseasteytbpy 1]
St i

&L

-20

0.4

0.6
, pan/c 0@

Puc. 58. IloBepXHOCTH OTKIMKA TMHAMHYECKON COCTABIISAIOIIEH PEaKIIUU OTIOPHI
B 3aBUCHMOCTH OT YTJIOBOM CKOPOCTH » M yTJIa MEX/Ty BEPTUKAIBIO U OChIO PYKOSTH [
a—L1 ZSM,LZZSM; 6—L1:2M,L2:8M

Ipu maneix 3HaveHusx o (0 - 0,3 pag/c) Y, cocrasiser 0 - 2% ot
CTaTUYECKOM cocTapisitome (cM. Tabmuibl B Ilpunoxenuun) u ciado
BJIMSET HA YCTOWYMBOCTh MalIMHbl. HebonbIIme yrioBeie CKOPOCTH — Hau-
Oosee O€30MaACHBIA PEeXUM pabOThl MAHUMIYJIATOPHON MamuHbl. [Ipn w >
0,4 pam/c Bo3pacTaroT M Y," ¥ YyBCTBHUTEILHOCTh K M3MCHEHHIO yria f3.
ParmonanbHbIMU SIBJISIFOTCSL 3HaUYeHUs yrioBod ckopoctu 0,2-0,3 pan/c,
onmacHbiMu — 0,8 - 1,0 pag/c. HekoTopsIM IpenMyIIECTBOM OTJIMYAETCA
MaHUNYJATOp ¢ L; =2 M u L, = 8 M. B 3TOM ciiydae CHIIbl MHEpIUU ONMKe
K OCH BpAILEHUS CUCTEMBI.

[Ipu f = 65° nuHamHuuyecKash COCTaBIAIONIAs MPAKTUYECKH MCYE3aeT
(cm. puc 58). Kazanmoce Obl, IIpy TakKOM 3HAYEHUM yria f MallliHA MOXKET
paboTarh C YyriIoBOM CKOPOCTHIO B HECKOIBKO pa3 Oonbiieit, uem 0,3 paz/c,
YTO MOBBICUT POU3BOAUTENBHOCTD Tpyaa. OJIHAKO peKOMEHAOBATh TAKYIO
CKOPOCTb CIIETYET C OCTOPOKHOCTHIO. [[e10 B TOM, YTO TOYHO BBLAECPKAThH
3Ha4YEHHE yria B 3TOM MHTEpBAJE JIOBOJIBHO CJIOXHO, a Majeilliee OT-
kioHeHue (5-10°) mpuBeneT K pe3KoMy YBEIMYECHHIO JUHAMUYECKOW CO-
CTaBJIAIOLIEH.
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Ha puc. 59 nokazanel NOBEPXHOCTH OTKJIMKA TUHAMUYECKOW COCTaB-
JSOIIEN peakuu onopsl OT cuiibl G3 TSDKECTH rpy3a U yria f. 3aecs Gy =
=29 xH, G, = 11,5 xH, Ah., = 2 M, f usmensiercs ot 0 go 1,6 pan, o =
= 0,3 pan/c, G; usmensiercsa ot 0 1o 15 kH. Pacyer BbINoOJIHEH B JUIIEH3U-
onnou nmporpamme MAPLE 9.5.

AHalIi3 MoKa3all, YTO JUHAMHUYECKasi PeaKlus OMOpbl JUHEHHO 3aBU-
cut ot cuibl Gs.

P

Py
g iy
S S T
e

Puc. 59. IloBepxHOCTH OTKIMKA IMHAMUYECKON COCTABISIOIIEN pEaKIUU ONIOPHI
B 3aBHCHUMOCTH OT CHJIbl G3 TSDKECTH Ipy3a U yIila MEXAY BEPTUKAIBIO U OCBIO
pykositu f:a— Ly =5M, L,=5M;60-L=2M,L,=8M™

C yBenmnueHneM G; BO3pacTaeT AMHAMHYECKas COCTABJISAIONIAs PEak-
LMY OTMOPHI MO a0COJIFOTHOW BEJIMYMUHE. DTO CBA3AHO C JMHEHHOMN 3aBUCH-
MOCTBIO CHJI HHEPLIUHM OT MacChl — 3aBUCUMOCTb OT YTJIOBOM CKOpPOCTH Ma-
pabommdeckas (cm. puc. 58). Bonbiias 3aBucuMocTh Y, HabI01aeTCs OT

yriaa ff, 4To IPUBOJIUT K M3MEHEHHUIO €€ 3HaKa, a MpeAesIbHbIX 3HAYCHUI
oHa gocturaet npu S = 0,2 pax (puc. 59, a) u f = 0,6 paxn (puc. 59, 0).

Ha puc. 60 nmokazansl NOBEPXHOCTH OTKJIMKA TUHAMUYECKOU COCTaB-
Jsironer ot napamerpoB Gs U o nipu f = 70°.

VYTrii0Basi CKOPOCTh BIUSET HA TUHAMUYECKYIO COCTABIISIFOIIYIO OMOPHI
0o0JIbIIIe, YEM CHJIA TSHKECTH Tpy3a.

[TockonbKy NUHAMUYECKas COCTABIISIONIAS YyBCTBUTEIbHEE K H3MeE-
HEHUIO YIJIOBOM CKOPOCTH, YeM K CHJIE TSHKECTH IPy3a, TO PEKOMEHTyeTCsI
OoJee y3KHil AMana3oH yrioBbIX CKOPOCTEM.
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il
Gs, kH 28 o, pag/c

Puc. 60. [ToBepXHOCTH OTKIMKA IHHAMUYECKON COCTABISIOIIEH pEaKIUU ONIOPbI
B 3aBUCHUMOCTH OT CUJIbI (G5 TSDKECTH TPpy3a U YII0BOM cKopocTH @ mipu ff = 70°:
a—L1 ZSM,L2:5M;6—L1 :2M,L2:8M

JlnHamMu9ecKkast 9acTh peakiiu onopsl (Y,") B 3aBUCHMOCTH OT CHJIBI

TSKECTHU Ipy3a BMecTe ¢ pabounmu opranamu (Gs3), yriloBOH CKOPOCTH @ U
yria HaKJIOHA PYKOSITH MaHMUITYJISITOpa K BepTUKaU [ paccunuTtana B [Ipu-
JIOKEeHUU. JIuHaMuYecKas 4acTh PEakilMu OMOpPbl pacCUYUTaHa B HATypaslb-
HOM BBIPAQYKEHUU U B IIPOLIEHTHOM OT CTaTUYECKON COCTABJISAIOLIEH.

11. NMEPCIMEKTUBbI MPUMEHEHWA
MAHUMYINATOPHBIX MALUWH
B JIECHOM KOMIEKCE

['mapoMaHUITyISATOP B JIECONPOMBIIIJIEHHOM MPOU3BOJCTBE JABHO HE
HOBUYOK. Bano4HO-MakeTHpyOmMUe, BaJOYHO-TPEICBOYHBIE MAIlWHBI,
XapBeCTEPBI, MPOLECCOPBI, TPEJIEBOYHBIE TPAKTOPHI, (hopBapaepsl, JIECOo-
BO3HBIE ABTONOE3/1d, OCHAIICHHBICE MAHUMIYJATOPHBIMA YCTaHOBKAaMH, I10O-
JyaBTOMAaTUYECKHUE JIMHUM — BOT JAJEKO HE TOJIHBIA IepedyeHb chepbl
MIPUMEHEHHUSI STUX YHUBEPCAIbHBIX YCTPOUCTB. TeM He MeHee, 00JIacTH UX
IPUMEHEHUS B JIECHOM ITPOMBIILUICHHOCTH HE McYepnaHbl. JlaBHO Haspena
HEOOXOIUMOCTh 3aMEHBI TSKEIBIX YETIOCTHBIX MOTPY3YMKOB MOOMIBHBIMU
MAaIllMHAMWA MaHUITYJISTOPHOTO THIA, BHEIPEHHUS] MAHUITYJIATOPHBIX CHCTEM
B HIDKHECKJIAQJICKUE OMNEpPalMi PACKPSIKEBKHU, COPTHUPOBKU U IITAOEIEBKU
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JIECOMATEPHUANOB, NOTPY3KH X B BaroHsl PXK/I, B IEXOBBIE U MEXIIEXOBBIE
onepanuu. HakoHern, Ha3pena HEOOXOAUMOCTh CO3JaHUSl YHUBEPCAIbHOU
MOJIETIN UM MOJENBHOTO PSJa JECHBIX MAHUITYJISITOPOB PA3JIUYHOTO Ha-
3HAYEHUs, YTO 3HAYUTEIBHO CHA3UT HOMEHKJIATYPY NPUMEHSEMBIX B JIEC-
HOM KOMIUIEKCE Pa3HOTHUIHBIX MEXAHU3MOB M YPOBEHb PYYHOIO TpyZa,
YHUDUIMPYET PEMOHTHYIO U OOMEHHYIO 0a3bl, MOBBICUT PEHTAOETBLHOCTh
ITPOU3BOJCTBA.

Mamunoctpourenshbie npennpusatus PO (a ux 7), BbIIycKaroume
MaHHUMYJSITOPBI ¢ TPY30BBIM MOMeHTOM 10 120 kH/M u BbuieToM 110 9 M,
OPUEHTHPOBAHBI HA TPAHCIOPTHBIE UX BapHUAHTHI, 00ECIIEUYNBAIOIINE TOJIb-
KO COPTHMEHTHYIO BBIBO3KY CaMOITOIPYXarOIIMMHUCS aBrornoesgamu. U3
BAPUAHTOB TPAHCIIOPTHBIX aBTOIOE3/I0B C MaHUIYJATOpaMu (CM. puc. 9),
[0 HAIIMM JTaHHBIM, HAWJIYYIIUE MMOKA3aTENHN II0 MAHEBPEHHOCTH, ITPOXO-
OUMOCTH, CTENEHW HCIIOJIb30BaHUS TPY30NOABEMHOCTH B JIECHOM MNPO-
MBILIJIEHHOCTH CETOJIHS UMEET MAHUITYJIATOPHBIN aBTOIIOE3] C CEACIbHBIM
MPULIETIOM, TaK Ha3bIBaeMOH «ap0Ooit». Tem He MeHee, MPUMEHEHUE BCEX
ATHUX aBTOMOE3J0B OIPAHUYEHO, TAK KaK COPTUMEHTHAsS 3aroTOBKa, a Clie-
NOBATEJIbHO, ¥ BBIBO3KA - YZAEN MPEANPUATUI, KOTOPBIE BBIBO3ST JIEC TOJIb-
KO I10 Ioporam o011ero nonb3oBanus. [lpennpusarust ¢ o0bemamu 3aroToB-
Kku Gosee 100 ThIC. M’ B TOJI, CIICIOBATEIBHO, C OIPEICICHHBIMY (HDHHAHCO-
BBIMU BO3MOKHOCTSIMH, OyJIyT €Ill€ JIOJIT0 BO3UTH JIEC B XJIBICTaX, a BCE
THIIBI POCCUUCKUX MAHUITYJIATOPOB JUIS OTUX LEJIEH HE TOASATCA.

OnbIT pabOThl OTEYECTBEHHBIX ABTOJECOBO30B C XJIBICTAMHU Ha I0-
IPYy3KE U BBIBO3KE UMEETCS], HO IIMPOKOTO PACIIPOCTPAHEHUS HE MOJYYHII B
CUJIy CJIO)KHOCTH TIOTPY3KU. 3apyOekHble MaHumyasatopbl «Fiskarsy,
«Loglifty, «Kranaby, «Osa», «Lokomoy, «Farmet» 6oiiee nprcmnocoOaeHbl
JUTSL XJIBICTOBOM BBIBO3KH B CBSI3U C OOJIBILIEH IPy30MOIbEMHOCTHIO U BbI-
JIETOM CTPEJIbl, HO OHHM 3HAYUTEIIBHO JIOPOKE OTEUECTBEHHBIX.

Takum oOpa3oM, JECHOMY KOMIUIEKCY HEOOXOJMM MaHUIYJATOP C
HECKOJIbKO MHBIMA PA0OYMMH 30HAMHU U TPY30BBIMU XapaKTEPUCTUKAMM,
paboTaroninii Kak B MOOMJIBHOM, TaK U B CTAI[AOHAPHOM PEXUMAaX.

MaHunyaaTOpHBIN ITOIPY3YMK MMEET MACCy NPEUMYIIECTB IIepe]l ye-
mocTHBIM. OH JIeT4e U JelieBie, pOBHO, 0€3 NepEeKPYUNBAHUS YKIAAbIBAET
XJBICTBI, IPOBOJSI TP 3TOM MOJCOPTHUPOBKY IO MOPOAAM U Pa3MEpPHO—
KaueCTBEHHBIM XapaKTEPUCTHKaM, HE TpeOyeT MealbHO IIagKol U TBEp-
J0M MIomaaku. B yclioBusX, Korja JIeCOCEKH MENIbYaroT, HEOOXOIUM MO-
OWJIbHBIA KOJIECHBIM MOrPY34MK, HE TPEOYIOIIMI CHNEHHAIBHOIO TAraya ¢
TpEeNIepoM ISl 4aCThIX Mepeda3upOBOK.
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ITorpy3ka xaeicToB cnmcanHbiMu BIIM JIII-19, ocHamieHHBIMH MO-
rpy304HbIMU ToJl0OBKaMH, B KomcomosibckoMm Jecipomxo3e B 70-€ romasbl
MPOILJIOTO CTOJIETUS MOKa3ajla UX BBICOKYIO KOHKYPEHTOCIIOCOOHOCTH IO
CPaBHEHHUIO C YENMIOCTHBIMU Torpy3urkamu JIT-65b. Ilpu stom ycimoBus
paboTHI ONEPATOPOB MAHUITYJIATOPHBIX MAILIUH ObUIA 3HAYUTENIHHO JTyYIIIE.

PaccmoTrpuM BOIIpOC BO3MOKHOCTH NMPUMEHEHHUSI TUAPOMAHUITYJISATO-
POB Ha CKJAJCKUX pabOoTax, B YACTHOCTH, HA COPTUPOBKE KPYTJBIX JIECO-
MarepuanoB. MI3BECTHO, 4TO TEXHOIOTHS COPTUPOBKU MPOIOIBHBIMU JIECO-
TpaHCIIOPTEPAMU C IPUMEHEHHUEM PBIYAKHBIX WJIM TPABUTALIMOHHBIX COpa-
CBhIBATEJIEN 3a HECKOJIBKO JIECSTUIIETUN MX UCITOIb30BaHUA TaK U HE PEILIU-
Ja npoOJeMy MEXaHM3allMd W aBTOMaTtu3aiuu 3Toro mnpouecca. Ho ectsb
OTEUECTBEHHBIN U 3apyOEKHBIN OIMBIT COPTUPOBKH U IITAOEIIEBKHU Jieca Ma-
HHUITYJIATOPAMH, KOTOPBIE TMO3BOJSIOT Ka4E€CTBEHHO COPTUPOBATh, POBHO
CKJIAIUPOBaTh COPTUMEHTBI, MPOU3BO/II OJJHOBPEMEHHO OOMEp IMAMETPOB
U y4eT ux o0ObEMOB.

[IpakTKOil IOKa3aHa BO3MOXHOCTb OOCTY>KMBaHUS IMOJyaBTOMATHU-
YECKOM pPaCKpsKEBOYHOM ycTaHOBKHM, Hampumep JIO-15A, coprupoBou-
HBIM YCTPOICTBOM Ha 0a3e cepuilHOro rugpomaHunyiaropa. [lockonbky
YUCIIO COPTUMEHTOB, & CJIEJA0BATEIBHO, JIECOHAKONUTEIIEH B CPEIHEM CO-
cTaBisieT 14, cxema UX pa3MelIeHHs y pacKpsHKEBOYHOIO y3Jia OyeT 3aBU-
CeTh OT KOHCTPYKIMU MaHUMYJsATOpa. [ MapOMaHUIyISITOPEl MOTYT OBITH
(pOHTAILHBIMU, IOBOPOTHBIMUA U ()POHTAIIBHO—TIOBOPOTHBIMU. B cooTBET-
CTBUHU C 3TUM PACHOJIOKEHUE JIECOHAKOIIUTENEH MOXKET ObITh paAraIbHbIM
(cM. puc. 44), BeepHbIM (cM. puc. 46), bpoHTanbHbIM (CM. puc. 48) oaHO-
WM JIByXCTOPOHHUM U KOMOWHHPOBAHHBIM. PacrnoynokeHue u 4ucio Jje-
COHAKOIMUTENEN 3aBUCAT OT PAa3MEIICHUS MaHHUITYJIATOPA OTHOCHUTENIBHO
MPUEMHOI0 CTOJIa (MM JIOTKA) PACKPSHKEBOYHOrO YCTPOWCTBA, KOTOPOE
MOKET OBITH OOKOBBIM MJIM OCEBBIM, T.€. II0 OCH CTOJIa. PacueThl moka3bl-
BAIOT, YTO NPHU HMCIOJIB30BAHUM TrUapomManunysaropa JIB-185 ¢ BeuieTom
7,3 M BeepHas cxema pacHoJIOKEHUS TO3BOJIIET pasMecTuTs 10, paananb-
Has — 11 ylecoHakonuTenen; Npy 4epeIoBaHNN JIIMHHBIX U KOPOTKUX COP-
TUMEHTOB UX 4ucio jaocturaer 14. KoandecTBO J€COHAKONMMUTENEH MPH
(pOHTANIBHBIX CXE€Max HMX pa3MEUIEHUsI HE OrPaHUYEHO, HO MPOU3BOJIHU-
TEJIbHOCTh COPTUPOBKU ITPU 3TOM CYIIIECTBEHHO CHUKAETCS.

ComocraBineHne  pacyeTHOW  NPOU3BOJAWUTEIIBHOCTH  YCTAaHOBKHU
JIO-15A Ha packpsKeBKE M TUAPOMAHUITYJISTOpPAa Ha COPTHUPOBKE IIPHU
cpenHeM o6beMe xibicta 0,4 M°, KOJTHYECTBE PE30B 5, cpeHeM oObeMe
6pesHa 0,08 M’ gaer ciexyomme pe3yibTathl. CMEHHAs POU3BOIUTENb-
HocTh JIO-15A cocrapmster 240 M, MAHUIYJISTOPA HPH PAIHATBHON U Be-
epHOil cxemax — 124 M’; npu ppoHTaIbHOH cxeme — 50-81 M°, KOMOUHH-
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poBasHoit — 103 M°. Ciie0BaTeNbHO, [Ba MAHUITY/ISTOPA [P PAAUATBHOM
WM BEEPHOM PACCTaHOBKE JIECOHAKOMUTEIEH MOJIHOCTBIO oOecrieyaT pado-
Ty PacKpsKE€BOYHOU ycTaHOBKU. Tem OoJsiee, UTO CEroiHsI Ha OJJTHOM Ipe-
MPUSATAN TOTOBUTCS HE OoJiee 6 - 7 copruMmeHToB. [lomobHas TexHoIoTHs
MOXET WCIIOJb30BaThCS NPU PYYHOM MEXAHW3UPOBAHHOW PACKPSIKEBKE
XJIBICTOB, a TAKXK€ IPH 3arOTOBKE W BBIBO3KE JIECA B COPTUMEHTAX.

HNHTepec BBI3BIBAET MPOEKT OPraHU3ALMH PACKPSDKEBKM XJIBICTOB HA
ITOJTyaBTOMaTUYECKUX JIMHUSAX, OCHAILIEHHBIX MAaHUITYJIATOPOM IOBBIIIEHHON
IPYy30OJLEMHOCTH C BBUIETOM CTpenbl 10 12 wmerpos. Ilpm sTom
THIPOMAHUITYJISITOP OOECIIEYMBAET IMOJIa4y XJIBICTOB HETOCPEICTBEHHO IO
MUy, OCYIIECTBIISIA OoJiee TOYHBIA OTMEp JJIMH COPTUMEHTOB, a 3aTeM
paccopTupoBbIBaeT OpeBHa B JecoHakonurenw. Vckmodarores U3
PACKPSDKEBOYHOIO  y3JIa TMOAAKOUIMK TPaHCHOPTEP, IPUEMHBIA CTOJI H
COPTUPOBOYHBIN TPAHCIIOPTEP, YTO JAENACT YCTAHOBKY OoJjee MAeIIeBOM,
KOMIIAKTHOM, TIPOU3BOJUTEIHLHON Y HAJEKHOM.

BapuaHTBl TEXHOJIOTMYECKUX CXEM ITPUMEHEHHUS MAHUIYJSITOPOB Ha
MOJICOPTUPOBKE U MOJAaye JIECOMAaTEPUATIOB B LIEXU (JE€CONUIbHBIN, IIMa-
JIOPE3HBIN U APYTHE), @ TAKXKE CXEMbl COPTUPOBOYHBIX Y3JI0B MHJIOMATE-
PHAJIOB WA MNAIONPOAYKIHNMU NOKa3aHbl Ha puc. 10 - 16. OrmeTum, 4ro
HEKOTOPBIE U3 ITUX TEXHOJOTMYECKUX PELICHUN BHEAPEHBI HA Pa3JIMUHBIX
MPEANPUATUSAX U XOPOIIO ceOsl 3apEKOMEHI0BaJIH.

Oco0yto npoOeMy IpeaCTaBIISIET B HACTOSIIEE BpeMsi MPOIECC OT-
rpy3ku npoaykuuu norpedurensm Baronamu PKJI. Kpanossiii napk, u 0e3
TOTO HE OYEHb MPHUCIOCOOJICHHBIA K JIECHBIM I'py3aM, CErOJIHS HU3HOIIECH
moaHOCTEI0. bonee 70% kpaHOB JaBHO HCUEPIIAINA CBOU PECYPC U TOJIKHBI
ObITh OmNeYaTaHbl, COCTOSHUE IMOJKPAHOBBIX IyTeH yxacHO. l'ocroprex-
HaJ30p «HABUCAET» HaJl COBITOBUKAMHU NMOCTOSIHHBIMH IMMOOOpaMH, Omac-
HOCTh TPaBMHPOBaHUS WM THOEIM padouyux Ha MOrpy3Ke BO3pOcia MHO-
TOKPaTHO.

Mexnay TeEM, KpyIible JIECOMAaTEPUaibl B MOJYBArOHBI YK€ TaBHO U
OUYEHb YCIICIIHO TPY3SIT HEKOTOpHIE MPEANPUSITHS OOBIKHOBEHHBIMH Ce-
pUUHBIMU MaHUIyJsiTopamu «Cuneropen-75», «Atinant» u apyrumu. [lpu
ATOM BPEMs 3arpy3Ku MOJIyBArOHA MAHHUITYJATOPOM HE MPEBBIIMIAET aHAIIO-
ruyHoe BpeMs 3arpy3ku kpanoMm Kb-572, a mpu norpyske mman cHUKaeT-
csl BIBOE (C MUHUMAaJIbHBIM PUCKOM TpaBMAaTH3Ma U MPU aOCOIIOTHOM He-
BMenIaTenscTBe ['ocroprexnaazopal).

CeroaHst HEOOXOIUM MaHUIYJIATOP TAKXKE JJIsl OTPY3KH MAKETOB IH-
JIOMaTepHaIoB, KOHTEHHEPOB Tapbl WU MPOAYKIHUH AepeBooOpadoTku. 1
ATOT MaHUIYJIATOP JOJDKEH UMETh I'py30BoM MoMeHT nopsiaka 130 kH/m, a
BbUIET 710 11 MeTpoB (cM. puc. 8). Kak mokas3pIBatoT Hallld UCCIIEI0BAHMUS,
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TaKOW MAHUITYJISTOP SABJISIETCS YHUBEPCAIbHBIM ISl OOJBIIMHCTBA CTAIHIMA
TEXHOJIOTUYECKUX IPOLIECCOB JIECO3arOTOBOK, TPAHCIIOPTA JIECA U HUKHE-
CKIIAACKUX palotr. J[r000H pyKOBOIWTENH NPOU3BOJCTBA IPEICTABIISIET,
HACKOJIBKO BBITOJAHOW OKAKETCS SKCIUTyaTalMs IPAKTUYECKA OJHOTHITHOTO
MEXaHH3Ma C OJJHOTUIIHBIM JIBKUTEJIEM Ha BCEX CTAAUSIX paldoT ¢ Jieco-
MarepuagaMu, — 3TO HapaOOTaHHBIN OMBIT SKCILTyaTallii, CHUKEHHUE MPO-
CTOEB Ha 3aMEHY Yy3JIOB, €[JUHasl peMOHTHas 0as3a.

B paboTtax 1o co3gaHui0 YHUBEPCAIBLHON MOJEIM MAHUITYJISITOpA MbI
corpyaHu4aem ¢ Takumu pupmamu, kak OO0 «Bemmam-C», OAO «Exa-
TepuHOyprckue jiecHble MamuHb» 1 HITO «CTAPT». Pabora caepxxuBa-
€TCA TOJBbKO COMHEHUSMH IPOU3BOAUTENECH B TOM, YTO W3TOTOBJICHHBIC
o0pa3Lbl MaHUIYJISATOPOB JUISl JIECOMPOMBIIIJIEHHOTO MPOU3BOACTBA OKa-
KYTCSl HEBOCTPEOOBAHHBIMU B CHITy (DMHAHCOBOI HECOCTOSITEIIBHOCTH POC-
CUNCKUX JIECHUKOB. COMHEHUS 3T OECIOYBEHHBI, TAK KaK aJIbTEPHATHUBBI
MaHHUMYJISITOpPAM MOKAa B MUPE HET U He npeAaBuautcsa. He npuxonurcs co-
MHEBAaThCA B TOM, YTO MAHUIYJIATOPHAs TEXHUKA MOJYYUT HECOMHEHHBIM
IIPUOPUTET B JIECHOM KOMILIEKce Poccuu, 4To MOCIYKHUT €ro ObicTperiie-
MY BBIXOJY M3 HBIHEIIHETO HE3aBUJIHOTO TEXHOJIOTUYECKOrO0 M (PUHAHCO-
BOT'O COCTOSTHUSL.
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MPUNOXEHWE

PacuyeTbl cTaTn4eckon n guHaMn4eCcKkou peakumnim onopbl
B 3aBMCUMOCTU OT YrfI0BOW CKOPOCTU, CUSIbl TAXKECTU
rpy3a BMecTe ¢ pabo4ynmMmmn opraHamu 1 yrria HaknoHa

PYKOATM MaHUNyNATOpa K BEpTUKanu
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Tabmuua 1
Peakiuu onopsl pH yriie HaKJIOHA PYKOSATH MaHUNYJISATOpa K BepTUKaIu f = 10°
Gy oH , pag/c
xH | ™ 710,05 ] 0,10 ] 0,15 [ 0,20 [ 0,25 [ 0,30 | 0,35 [ 0,40 | 0,45 [ 0,50 [ 0,55 [ 0,60 | 0,65 [ 0,70 [ 0,75 | 0,80 | 0,85 [ 0,90 [ 0,95 | 1,00
1] 2 3 4 5 6 7 8 9o [ 1o | 11 [ 12 [ 13 | 14 [ 15 [ 16 | 17 | 18 | 19 | 20 [ 21 | 22
" -46,50
4 [ v" 1001004700907 ]0,27 [039]053]0,69] 0,88 [ 1,07 [ 1,31 [ 1,56 [ 1,84 [ 2,13 [ 2,44 [ 2,78 | 3,14 [ 3,52 [ 3,92 [ 4,34
% |-0,02 [-0,09 | -0,21 | -0,37 [ -0,58 | -0,84 | -1,14 [ -1,49 | -1,89 | -2,34 [ 2,83 | -3,36 | -3,95 | -4,58 | -5,26 | -5,98 | -6,75 | -7,57 | -8,43 | -9,34
V" -49,42
5 | ™ 0,01 ]005]012[021]032]047 [0,64]083]1,05] 1,30 [ 1,57 [ 1,87 [ 2,20 [ 2,55 [ 2,92 | 3,33 [ 3,76 [ 4,21 [ 4,69 | 5,20
% |-0,03 [-0,10 | -0,24 | -0,42 [ 0,66 | -0,95 | -1,29 [ -1,68 | -2,13 | -2,63 | -3,18 | -3,79 | -4,45 | -5,16 | -5,92 | -6,73 | -7,60 | -8,52 [ -9,50 |-10,52
" -52,34
6 | ;"™ | 0,01 [ 0,06]0,147]024]0387]0,54]074]0097 1,23 [ 1,51 [ 1,83]2,18[2,56] 297 [341 [ 3,88 ] 438 [ 491 [ 547 [ 6,06
% |-0,03 [-0,12|-0,26 | -0,46 | -0,72 | -1,04 | -1,42 [ -1,85 | -2,34 | -2,89 [ -3,50 | -4,17 | -4,89 | -5,67 | -6,51 | -7,41 | -8,36 | -9,37 [-10,44]-11,57
" -55,27
7 [ %™ [ 0,02]0,07]0,15]0287]043[0,62]085] 1,11 | 1,40 [ 1,73 [ 2,09 [ 2,49 [ 2,92 [ 3,39 | 3,89 | 4,42 | 4,99 [ 5,60 | 6,24 | 6,91
% |-0,03 [-0,12 | -0,28 | -0,50 [ -0,78 | -1,13 | -1,53 [ 2,00 | -2,53 | -3,13 | -3,78 | -4,50 | -5,28 | -6,13 | -7,03 | -8,00 | -9,04 |-10,13[-11,29[-12,51
" -58,19
8 [ %™ 002008017 [031]048]0,70 [ 0,95 [ 1,24 [ 1,57 [ 1,94 [ 2,35 [ 2,80 | 3,28 [ 3,81 [ 4,37 | 497 [ 5,61 [ 6,29 [ 7,01 | 7,77
% |-0,03 [-0,13]-0,30 | -0,53 [ -0,83 | -1,20 | -1,63 [ -2,14 | -2,70 | -3,34 | 4,04 | -4,81 | -5,64 [ -6,54 | -7,51 | -8,54 | -9,64 [-10,81[-12,05|-13,35
" 61,11
9 | %™ | 0,02]0,09]019]034]0,54]078 [ 1,06 [ 1,38 ]1,75 [ 2,16 [ 2,61 [ 3,10 | 3,64 [ 4,23 [ 4,85 [ 5552 [ 6,23 | 6,98 | 7,78 [ 8,62
% |-0,03 [-0,14 | -0,32 | -0,56 | -0,88 | -1,27 | -1,73 [ 2,26 | -2,86 | -3,53 | -4,27 | -5,08 | -5,96 | -6,91 | -7,94 | 9,03 |-10,20 |-11,43[-12,74[-14,11
" -64,04
10 | ¥, 0,02 10,09 [ 021 [ 0,380,559 [ 0,85 ] 1,16 [ 1,52 [ 1,92 [ 2,37 | 2,87 [ 3,41 [ 4,00 | 4,64 | 533 [ 6,07 [ 6,85 | 7,68 | 8,55 [ 9,48
% |-0,04 [-0,15]-0,33 | -0,59 [ 0,92 | -1,33 | -1,81 [ -2,37 [ -3,00 | -3,70 | -4,48 | -5,33 | -6,25 | -7,25 | -8,33 | -9,47 [-10,69[-11,99 [-13,36|-14,80
" -66,96
11 [ ¥"™ 1 0,03]0,10]023]041]0,65][093] 1,27 1,65]209[258]3,13[3,72]437]506[ 581 [ 66l [ 747 | 837 | 9,33 [10,33
% |-0,04 [-0,15-0,35 | -0,62 [ -0,96 | -1,39 | -1,89 [ -2,47 | -3,13 | -3,86 | -4,67 | -5,56 | -6,52 | -7,56 | -8,68 | -9,88 [-11,15[-12,50[-13,93|-15,43
" -69,88
12 [ "™ [ 003]011][025]045]070 [ 1,01 [ 1,37 [ 1,79 [ 2,27 [ 2,80 | 3,38 [ 4,03 [ 4,73 | 548 | 6,29 [ 7,16 | 8,09 [ 9,06 [ 10,10 [ 11,19
% |-0,04 [-0,16 | -0,36 | -0,64 | -1,00 | -1,44 | -1,96 | -2,56 | -3,24 | -4,00 | -4,84 | -5,76 | -6,77 | -7,85 | -9,01 |-10,25]|-11,57 |-12,97 [-14,45[-16,01
" -72,80
13 %™ 003012027 ]048]0,75 [ 1,08 1,48 [ 1,93 [ 2,44 [ 3,01 | 3,64 [ 4,34 [ 5,09 [ 590 [ 6,78 [ 7,71 | 8,70 | 9,76 | 10,87 [ 12,05
% |-0,04 [-0,16 | -0,37 | -0,66 | -1,03 | -1,49 | -2,03 [ -2,65 | -3,35 | -4,14 | -5,01 | -5,96 | -6,99 | -8,11 [ -9,31 |-10,59]-11,96]-13,40|-14,93|-16,55
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Oxkonuanue Tadi. 1

IT1

2 3 [ 4] 5 [ 6 1 7 1 8 ] 9 Juwo [ 1t 12131415 ] 16 ] 17 ] 18] 19 ]2 [ 21 ]2
V5" -75,73

14 [ " 10,0310,13]029[0,527]081 [ 1,16 [ 1,58 [ 2,06 [ 2,61 [ 3,23 ]3990 [ 4,64 545632 726 [ 826 [ 9,32 [10,45] 11,64 12,90
% | -0,04[-0,17 [-0,38 | -0,68 [ -1,06 | -1,53 [ -2,09 | -2,73 | -3,45 | -4,26 | -5,15 | -6,13 [ -7,20 | -8,35 | -9,58 [-10,90[-12,31]-13,80[-15,38]-17,04
V5" -78,65

15 [ ¥" 10,03 0,04 ]031]0,55]086[ 1,24 [ 1,68 [ 220 [ 2,79 [ 3,44 | 4,16 [ 4,95 [ 581 [ 6,74 | 7,74 | 8,81 | 9,94 [ 11,14 [12,42]13,76
% |-0,04]-0,17 [-0,39|-0,70 [ -1,09 | -1,57 [ -2,14 | -2,80 | -3,54 | -4,37 | -5,29 | -6,30 | -7,39 | -8,57 | -9,84 |-11,20]-12,64[-14,17]-15,79]-17,49
V5" -81,57

16 | ¥," 10,04 [0,15]0337]0,558 091 [1,31 [ 1,79 [ 2,34 [ 2,96 [ 3,65 | 4,42 [ 5,26 | 6,17 [ 7,16 | 8,22 | 9,35 [ 10,56 | 11,84 [ 13,19 [ 14,61
% |-0,04[-0,18]-0,40 | -0,72 [ -1,12 | -1,61 [ -2,19 | -2,87 | -3,63 | -4,48 | -5,42 | -6,45 | -7,57 | -8,78 |-10,08 |-11,47|-12,94[-14,51[-16,17[-17,92
V5" -84,50

17 [ ¥" 10,04 [0,15]035]0,62]0,97 [1,39 [ 1,89 [ 2,47 [ 3,13 [ 3,87 | 4,68 [ 5,57 [ 6,54 [ 7,58 | 8,70 | 9,90 [ 11,18 [ 12,53 [ 13,96 [ 15,47
% |-0,05]-0,18]-0,41-0,73 [-1,14 | -1,65 [ -2,24 [ -2,93 | -3,71 | -4,58 [ -5,54 | -6,59 | -7,73 | -8,97 [-10,30[-11,72]-13,23[-14,83[-16,52]-18,31
V5" -87,42

18 | ¥," 10,04 [ 0,16 [ 037 [0,65] 1,02 1,47 [ 2,00 [ 2,61 [ 3,31 [ 4,08 | 494 [ 588 [ 6,90 [ 8,00 | 9,18 [ 10,45 11,80 [ 13,22 [ 14,73 [ 16,33
% |-0,05]-0,19 [ 0,42 |-0,75 [ -1,17 | -1,68 [ -2,29 | -2,99 | -3,78 | -4,67 | -5,65 | -6,72 | -7,89 | 9,15 |-10,50|-11,95]-13,49[-15,13[-16,85]-18,68
V5" -90,34

19 [ ¥" 10,04 ]0,17 [039]0,69 [ 1,07 [ 1,55 [ 2,10 [ 2,75 [ 3,48 [ 4,29 | 520 [ 6,18 | 7,26 | 8,42 | 9,66 | 11,00 | 12,41 [ 13,92 [ 15,51 [ 17,18
% |-0,05]-0,19 [ 0,43 |-0,76 [ -1,19 | -1,71 [ -2,33 [ -3,04 | -3,85 | -4,75 | -5,75 | -6,85 | -8,04 | -9,32 |-10,70|-12,17|-13,74[-15,41[-17,16]-19,02
V5" 93,27

20 [ ¥ [ 0,04 [ 0,8 [041 [0,72 [ 1,13 [ 1,62 [221]289 [3,65]4,51]546]649]7,62] 8384 [10,15[11,54][13,03]14,61 [16,28]18,04
% |-0,05]-0,19]-043]-0,77 [ -1,21 | -1,74 [ -2,37 [ -3,09 | -3,92 [ -4,83 | -5,85 | -6,96 | -8,17 | -9,48 |-10,88[-12,38[-13,97]-15,66]-17,45]-19,34
V5" -96,19

21 [ "™ ] 0,05]0,19[042]0,76 [ 1,18 [ 1,70 [ 2,31 [ 3,02 [ 3,83 [ 4,72 [ 5,71 | 6,80 [ 7,98 [ 9,26 [10,63 [ 12,09 [ 13,65 | 15,30 | 17,05 | 18,89
% | -0,05]-0,20 [ -0,44 | -0,79 [ -1,23 | -1,77 [ -2,41 [ -3,14 | -3,98 [ -4,91 | -5,94 | -7,07 [ -8,30 | -9,62 |-11,05]-12,57[-14,19]-15,91[-17,73]-19,64
V5" -99,11

22 [ ¥" [ 0,05]020[044 [0,79 [ 1,23 1,78 [ 2,42 [3,16 [ 400 [ 494 [ 597 [ 7,11 | 834 [ 9,68 [11,11[12,64[14,27[16,00]17,82]19,75
% | -0,05]-0,20 [ -0,45 | -0,80 [ -1,25 [ -1,79 [ -2,44 [ -3,19 | -4,04 | -4,98 | -6,03 | -7,17 | -8,42 | -9,76 |-11,21]-12,75]-14,40]-16,14]-17,98]-19,93
7 -102,03

23 [ ¥"™ ] 0,05]021 04608 [ 1,29 [ 1,85 [252]330]4,17 [ 515623 [ 742871 [10,10 11,59 [13,19]14,89 [ 16,69 | 18,60 [ 20,61
% |-0,05]-0,20 [ -0,45 | -0,81 [ -1,26 | -1,82 [ -2,47 | -3,23 | -4,09 | -5,05 | -6,11 | -7,27 | -8,53 | -9,90 |-11,36|-12,93|-14,59]-16,36]-18,23[-20,20
7 -104,96

24 [ v 10,05 ]021 048 [0,86] 1,34 [ 1,93 [ 2,63 [ 3,43 [ 4,35 [ 537 [ 6,49 [ 7,73 [ 9,07 [10,52 [ 12,07 [ 13,74 [ 15,51 [ 17,38 [ 19,37 | 21,46
% |-0,05]-0,20 [ -0,46 | -0,82 [ -1,28 | -1,84 [ -2,50 [ -3,27 | -4,14 [ -5,11 | -6,19 | -7,36 | -8,64 [-10,02[-11,50[-13,09[-14,77]-16,56 -18,45[-20,45
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Tabnuua 2
Peakiuu onopsl pH yriie HaKJIOHA PYKOSATH MaHUNYJISATOpA K BepTUKaAIH S = 20°
Gy «H , pag/c
kH| ™ ™"10,05 [ 0,10 [ 0,15 ] 0,20 [ 0,25 [ 0,30 | 0,35 [ 0,40 [ 0,45 | 0,50 [ 0,55 [ 0,60 | 0,65 [ 0,70 [ 0,75 | 0,80 [ 0,85 [ 0,90 [ 0,95 | 1,00
1] 2 3 4 5 6 7 8 9o [ 1o | 11 [ 12 [ 13 | 14 [ 15 [ 16 | 17 | 18 | 19 | 20 [ 21 | 22
" -50,73
4 [ %™ [ 001 [ 0,04 0,10 [ 0,18 [ 0,28 [ 040 [ 0,55 [ 0,71 [ 090 [ 1,11 | 1,35 [ 1,60 | 1,88 | 2,18 [ 2,51 | 2,85 | 3,22 | 3,61 | 4,02 | 446
% |-0,02 [ -0,09 | -0,20 | -0,35 [ 0,55 | -0,79 | -1,08 [ -1,41 [ -1,78 | -2,20 [ -2,66 | -3,16 | -3,71 | -4,30 | -4,94 | -5,62 | -6,35 | -7,11 | -7,93 | -8,78
Ych -54,09
5 [ %™ | 0,01 [0,05]012]021 034048 ]0,66 | 0.8 [ 1,09 [ 1,34 | 1,62 [ 1,03 [ 2.27 [ 2,63 | 3.02 | 3.43 | 3,87 | 434 | 484 | 536
% |-0,02 [ -0,10 | -0,22 | -0,40 | -0,62 | -0,89 | -1,21 [ -1,59 | -2,01 | -2,48 | -3,00 | -3,57 | -4,19 | -4,86 | -5,58 | -6,34 | -7,16 | -8,03 | -8,95 | -9,91
" -57,45
6 | ™ | 0,02 ]0,06]0,14]025]039]0,56 [ 0,77 [ 1,00 [ 1,27 [ 1,57 [ 1,90 | 2,26 | 2,65 | 3,07 [ 3,53 | 4,01 | 4,53 | 5,08 | 5,66 | 6,27
% |[-0,03 [-0,11 |-0,25 | -0,44 [ -0,68 | -0,98 | -1,34 [ -1,75 | -2,21 | -2,73 | -3,30 | -3,93 | -4,61 | -5,35 [ -6,14 | -6,98 | -7,88 | -8,84 | -9,84 [-10,91
" -60,80
7 | ™ | 0,02 ]0,07]0,16[029]045]0,65] 088 [ 1,I5] 1,45 [ 1,79 [ 2,17 [ 2,58 [ 3,03 [ 3,51 [ 4,03 [ 4,59 [ 5,18 | 5,81 [ 6,47 [ 7,17
% |-0,03 [-0,12|-0,27 | -0,47 [ -0,74 | -1,06 | -1,45 [ -1,89 | -2,39 | -2,95 [ -3,57 | -4,25 | -4,98 | -5,78 | -6,64 | -7,55 | -8,52 [ -9,56 [-10,65]-11,80
Ych '64516
8 [ %™ [ 0,02]008]0,18]032]0507]073]099 [ 1,29 [ 1,64 [ 2,02 [ 2,44 [ 2,91 | 3,41 [ 3,96 | 4,54 | 5,17 [ 5,84 [ 6,54 [ 7,29 | 8,08
% |-0,03 [-0,13-0,28 | -0,50 | -0,79 | -1,13 | -1,54 [ -2,01 | -2,55 | -3,15 | -3,81 | -4,53 | -5,32 | -6,17 | -7,08 | -8,06 | -9,10 [-10,20[-11,36|-12,59
" -67,52
9 [ v [0,027]0,09]07207]036]0,56][081 [ 1,i0 ] 1,44 [ 1,82 [ 2,25 [ 2,72 [ 3,23 [ 3,80 [ 4,40 [ 5,05 [ 5,75 | 6,49 [ 7,28 [ 8,11 [ 8,98
% |-0,03 [-0,13]-0,30 | -0,53 [ -0,83 | -1,20 | -1,63 [ -2,13 | -2,69 | -3,33 | -4,02 | -4,79 | -5,62 | -6,52 | -7,48 | -8,51 | -9,61 [-10,78 [-12,01-13,30
Ych -70,88
10 | ¥, 0,02 ] 0,10 [ 022 [ 0,40 | 0,62 [ 0,89 [ 1,21 | 1,58 [ 2,00 [ 2,47 [ 2,99 [ 3,56 [ 4,18 | 4,85 [ 5,56 | 6,33 | 7,14 | 8,01 | 8,92 [ 9,89
% |-0,03 [-0,14 | -0,31 | -0,56 | -0,87 | -1,26 | -1,71 [ 2,23 | -2,83 | -3,49 | 4,22 | -5,02 | -5,89 | -6,84 | -7,85 | -8,93 |-10,08-11,30|-12,59 |-13,95
" 74,23
11 [ ¥"™ [ 003]0,11][024]043]0,67[097 [ 1,32 1,732,119 [2,70 [ 3,27 [ 3,89 [ 4,56 [ 529 | 6,07 [ 6,91 [ 7,80 [ 8,74 | 9,74 [10,79
% | -0,04 | -0,15]-0,33-0,58 [ -0,91 | -1,31 | -1,78 | -2,33 | 2,94 | -3,64 | -4,40 | -5,23 | 6,14 | -7,13 | -8,18 | -9,31 |-10,51 |-11,78 [-13,12]-14,54
" -77,59
12 [ ¥"™ 1003 ]012]026][047 073 [ 1,05] 1,43 [ 1,87 [ 2,37 [ 2,92 [ 3,54 [ 4,21 [ 494 [ 5,73 [ 6,58 [ 7,49 | 8,45 | 9,48 [ 10,56 [ 11,70
% |-0,04 [-0,15|-0,34 | -0,60 | -0,94 | -1,36 | -1,85 [ -2,41 [ -3,05 | -3,77 | -4,56 | -5,43 | -6,37 | 7,39 | -8,48 | -9,65 [-10,89[-12,21[-13,61]-15,08
Ych -80,95
13 %" 1003]0,13]028]0,50]0,79 [ 1,13]1,54]2,02]255]3,15]3,81 [ 457 [533] 618 [ 7,09 [ 807 [ 9,11 [10,21 [ 11,38]12,60
% |-0,04 [-0,16 | -0,35 | -0,62 [ -0,97 | -1,40 | -1,91 [ -2,49 [ -3,15 | -3,89 [ -4,71 | -5,61 | -6,58 | -7,63 | -8,76 | -9,97 [-11,25[-12,61 [-14,05]-15,57




ONeKTOpHHbIN apxuB YITITY

OxkoHyaHue TadJI. 2

el

2 3 [ 4] 5 [ 6 1 7 1 8 ] 9 Juwo [ 1t 12131415 ] 16 ] 17 ] 18] 19 ]2 [ 21 ]2
V5" -84,31

14 | v" 10,03 ]0,04]030]0,54]084[1,22]1,65]2,16]2,74 [338]4,09[486]571]662] 760 8,65]9,76 [10,94]12,19]13,51
% | -0,04 [-0,16 | -0,36 | -0,64 [ -1,00 | -1,44 [ -1,96 | -2,56 | -3,24 | -4,01 | -4,85 | -5,77 | -6,77 | -7,85 | -9,01 [-10,26|-11,58[-12,98[-14,46]-16,02
V5" -87,66

15 [ ¥" 10,04 ]0,14]0327]0,587]0,90 [ 1,30 [ 1,77 [ 2,31 [ 2,92 [ 3,60 | 436 [ 5,19 | 6,09 [ 7,06 | 8,11 | 9,23 [ 10,42 [ 11,68 [ 13,01 [ 14,42
% | -0,04 [-0,16 [ -0,37 | -0,66 | -1,03 | -1,48 [ -2,01 | -2,63 | -3,33 [ -4,11 | -4,97 | -5,92 [ -6,95 | -8,06 | -9,25 [-10,52[-11,88]-13,32[-14,84[-16,44
V5" 91,02

16 | ¥," 10,04 [0,15]034[0,61 [ 0,96 [ 1,38 [ 1,88 [ 2,45 [ 3,10 [ 3,83 [ 4,63 [ 552 [ 6,47 [ 7,51 | 8,62 | 9,81 [ 11,07 [ 12,41 [ 13,83 [ 15,32
% |-0,04]-0,17 [-0,38 | -0,67 [ -1,05 | -1,51 [ -2,06 | -2,69 | -3,41 [ -4,21 | -5,09 | -6,06 | -7,11 | -8,25 | -9,47 [-10,77[-12,16]-13,63[-15,19]-16,83
V5" -94,38

17 [ ¥" 10,04 [ 0,16 [ 037 [ 0,65 [ 1,01 | 1,46 [ 1,99 [ 2,60 [ 3,29 [ 4,06 | 491 [ 5,84 [ 6,86 [ 7,95 | 9,13 [ 10,38 [ 11,72 [ 13,14 [ 14,64 [ 16,23
% |-0,04[-0,17 [ 0,39 | -0,69 [ -1,07 | -1,55 [ -2,11 | -2,75 | -3,48 | -4,30 | -5,20 | -6,19 | -7,26 | -8,42 | -9,67 |-11,00]-12,42[-13,93[-15,52]-17,19
Y™ 97,73

18 | ¥™ 10,04 [ 0,17 [039]0,69 [ 1,07 [ 1,54 [ 2,10 [ 2,74 [ 3,47 [ 4,28 [ 5,18 [ 6,17 | 7,24 [ 8,39 | 9,64 [ 10,96 [ 12,38 [ 13,88 [ 15,46 [ 17,13
% |-0,04]-0,181-0,39|-0,70 [ -1,10 | -1,58 [ -2,15 [ -2,80 | -3,55 | -4,38 | -5,30 | -6,31 | -7,41 | -8,59 | -9,86 |-11,22]-12,67]-14,20]-15,82]-17,53
7 -101,09

19 7" 10,05 [0,18[041 072 1,13 [1,62 221289 [3,65]4,51 546649 ]7,62] 884 [10,15[11,54][13,03]14,61 [ 16,28 18,04
% | -0,04 [-0,181-0,40[-0,71 [-1,12 | -1,61 | -2,19 | -2,85 | -3,61 | -4,46 | -5,40 [ -6,42 | -7,54 [ -8,74 |-10,04[-11,42]-12,89-14,45[-16,10]-17,84
7 -104,45

20 | ™ 10,05 0,19 [043]0,76 [ 1,18 [ 1,70 [ 2,32 [ 3,03 [ 3,84 | 4,74 [ 5,73 [ 6,82 [ 8,00 [ 9,28 [10,66 [ 12,12 [ 13,69 | 15,34 [ 17,10 | 18,94
% |-0,05]-0,18]-0,41[-0,73 [-1,13 | -1,63 [ -2,22 [ -2,90 | -3,67 | -4,53 | -5,49 | -6,53 [ -7,66 | -8,89 |-10,20|-11,61[-13,10]-14,69]-16,37[-18,14
V5" -107,81

21 [ "] 0,05 10,20 [045]0,79 [ 1,24 [ 1,79 [ 2,43 [ 3,18 [ 4,02 [ 4,96 [ 6,00 [ 7,15 [ 8,39 [ 9,73 [ 11,16 [ 12,70 | 14,34 | 16,08 | 17,91 | 19,85
% |-0,05]-0,18 -0,41|-0,74 [ -1,15 [ -1,66 [ -2,26 [ -2,95 | -3,73 | -4,60 | -5,57 | -6,63 [ -7,78 | -9,02 [-10,36[-11,78]-13,30[-14,91 [-16,62-18,41
7 -111,16

22 [ v 005021047 [0,83] 1,30 [ 1,87 [ 2,54 [ 3,32 [ 4,20 [ 5,19 [ 6,28 [ 7,47 | 8,77 [ 10,17 [ 11,67 [ 13,28 | 14,99 | 16,81 | 18,73 [ 20,75
% |-0,05]-0,19 [ 0,42 |-0,75 [ -1,17 | -1,68 [ -2,29 | -2,99 | -3,78 | -4,67 | -5,65 | -6,72 | -7,89 | 9,15 |-10,50|-11,95]-13,49[-15,12]-16,85]-18,67
7 -114,52

23 [ v"™ ] 0,05]022]049 0,87 [ 1,35 1,95 [ 2,65][3,47 [ 439 [541]6,555]780]09,15[10,61[12,18]13,86[15,65 17,54 [ 19,55 [ 21,66
% |-0,05]-0,19]-0,43]-0,76 [ -1,18 [ -1,70 [ -2,32 [ -3,03 | -3,83 | -4,73 [ -5,72 | -6,81 [ -7,99 | -9,27 [-10,64[-12,10]-13,66]-15,32[-17,07]-18,91
7 -117,88

24 [ v 10,06 [ 0,23 10,51 ]0,90 [ 1,41 [2,03 2,76 [ 3,61 [ 4,57 [ 5,64 ]683]8,12]09,53 [11,06]12,69]14,44]16,30 18,28 [20,36 [ 22,56
% |-0,05]-0,19[-0,43]-0,77 [ -1,20 | -1,72 [ -2,34 [ -3,06 | -3,88 | -4,79 | -5,79 | -6,89 | -8,09 | -9,38 |-10,77[-12,25[-13,83]-15,50[-17,28]-19,14




148!

ONeKTOpHHbIN apxuB YITITY

Tabnuua 3
Peakiuu onopsl pH yriie HaKJIOHA PYKOSATH MaHUNYJISATOpa K BepTUKaIu S = 30°
G, Yo kH , pag/c
kH| ™ ™710,05 [ 0,10 [ 0,15 ] 0,20 [ 0,25 [ 0,30 | 0,35 [ 0,40 [ 0,45 | 0,50 [ 0,55 [ 0,60 | 0,65 [ 0,70 | 0,75 | 0,80 [ 0,85 [ 0,90 [ 0,95 | 1,00
1] 2 3 4 5 6 7 8 9o [ 1o | 11 [ 12 [ 13 | 14 [ 15 [ 16 | 17 | 18 | 19 | 20 [ 21 | 22
V5" -54,49
4 | ™ | 0,01 | 0,04 | 0,09 | 0,16 [ 0,24 [ 0,35 | 0,48 | 0,62 | 0,79 | 0,97 | 1,18 | 1,40 | 1,65 | 1,91 | 2,19 | 2,50 | 2,82 | 3,16 | 3,52 | 3,90
% |-0,02 [ -0,07 | -0,16 | -0,29 [ -0,45 | -0,64 | -0,88 [ -1,14 [ -1,45 | -1,79 [ -2,17 | -2,58 | -3,02 | -3,51 | -4,03 | -4,58 [ -5,17 | -5,80 | -6,46 | -7,16
YBCIn '58’23
5 | %™ ]001 [005]011][0,19]030]043][0,58]076[097 | 1,19 | 1.44 | 1,72 [ 2,02 | 2,34 | 2,69 | 3,06 | 3,45 | 3,87 [ 431 | 4,78
% |-0,02 [ -0,08 | -0,18 | -0,33 [ 0,51 | -0,74 | -1,00 [ -1,31 [ -1,66 | -2,05 [ -2,48 | -2,95 | -3,47 | -4,02 | -4,61 | -5,25 [ -5,93 | -6,64 | -7,40 | -8,20
Ych -61,97
6 | ™ | 0,01 [0,06]013[023]035]0,51]0,69]0090] 1,14 [ 1,41 [ 1,71 [ 2,03 [ 2,39 [ 2,77 [ 3,18 | 3,62 | 4,08 [ 4,58 [ 5,10 | 5,65
% |-0,02 [ -0,09 | -0,20 | -0,36 | -0,57 | -0,82 | -1,12 [ -1,46 | -1,85 | -2,28 | -2,76 | -3,28 | -3,85 | -4,47 | -5,13 | -5,84 [ -6,59 | -7,39 | -8,23 | -9,12
V5" -65,71
7 | Y™ ] 0,02 ]0,06 | 0,115 | 026 | 0,41 [ 0,59 [ 0,80 | 1,04 | 1,32 | 1,63 | 1,97 [ 2,35 [ 2,76 | 3,20 | 3,67 | 4,18 [ 4,72 | 5,29 | 589 | 6,53
% |-0,02 [-0,10 | -0,22 | -0,40 | -0,62 | -0,89 | -1,22 [ -1,59 [ -2,01 | -2,48 [ -3,00 | -3,58 | -4,20 | -4,87 | -5,59 | -6,36 | -7,18 | -8,05 | -8,96 | -9,93
Ych -69,45
8 | %™ | 0,02]007]0,17 [030]046 0,67 [ 091 [ 1,18 [ 1,50 | 1,85 [ 2,24 [ 2,66 | 3,13 [ 3,63 | 4,16 | 4,74 [ 535 [ 6,00 [ 6,68 | 7,40
% |-0,03 [-0,11 |-0,24 | -0,43 [ 0,67 | -0,96 | -1,31 [ -1,70 | -2,16 | -2,66 | -3,22 | -3,84 | -4,50 | -5,22 | -6,00 | -6,82 [ -7,70 | -8,63 [ -9,62 |-10,66
V5" -73,20
9 | %™ ]0,02]008]019[033]052]074 [ 1,01 [ 1,32 ] 1,68 | 207 | 2,50 | 2,98 [ 3,50 | 4,06 | 4,66 | 530 | 598 | 6,70 [ 7.47 | 8,28
% |-0,03]-0,11]-025]-0,45]-0,71 | -1,02 | -1,38 | -1,81 | 2,29 | -2,83 | -3,42 | 4,07 | -4,78 | -5,54 | -6,36 | -7,24 | -8,17 | -9,16 |-10,21[-11,31
Y, -76,94
10 | ¥, 10,02 ] 0,09 [ 021 [ 037057 [082] 1,12 ] 1,46 | 1,85 [ 2,29 | 2,77 [ 3,29 [ 3,87 | 4,48 [ 5,15 [ 5,86 | 6,61 | 7.41 | 8,26 [ 9,15
% |-0,03 [-0,12|-0,27 | -0,48 | -0,74 | -1,07 | -1,46 [ -1,90 | -2,41 | -2,97 | -3,60 | -4,28 | -5,03 | -5,83 | -6,69 | -7,61 | -8,59 | -9,64 [-10,74|-11,90
Ych -80,68
11 [ ¥"™ 0,02 ]0,10]022]040 [ 0,63 [ 090 [ 1,23 ] 1,60 | 2,03 [ 2,51 | 3,03 [ 3,61 [ 424 [ 491 [ 5,64 [ 6,42 | 7,24 | 8,12 | 9,05 [ 10,03
% |-0,03 [-0,12|-0,28 | -0,50 [ -0,78 | -1,12 | -1,52 [ -1,99 | -2,52 | -3,11 | -3,76 | -4,47 | -5,25 | -6,09 | -6,99 | -7,95 | -8,98 [-10,07[-11,22]-12,43
V5" -84,42
12 [ " 10,03 ]0,11]024]0447]0,68 [098 [ 1,34 ] 1,74 [ 2,21 [ 2,73 [ 3,30 [ 3,92 [ 4,61 [ 534 [ 6,13 [ 6,98 | 7,88 | 8,83 | 9,84 [ 10,90
% |-0,03 [-0,13-0,29 | -0,52 [ -0,81 | -1,16 | -1,58 [ -2,07 | -2,62 | -3,23 [ -3,91 | -4,65 | -5,46 | -6,33 | -7,26 | -8,27 | -9,33 [-10,46 [-11,66 |-12,92
YBCIn '88’17
13 [ %™ ] 0,03 ]0,12]0,26] 047 [ 0,74 ] 1,06 [ 1,44 [ 1,88 | 2,38 | 2,94 [ 3,56 [ 4,24 | 4,98 [ 5,77 | 6,62 | 7,54 | 8,51 [ 9,54 [ 10,63 [ 11,78
% |-0,03 [-0,13]-0,30 | -0,53 [ -0,83 | -1,20 | -1,64 [ -2,14 | -2,70 | -3,34 | -4,04 | -4,81 | -5,64 | -6,55 | -7,51 | -8,55 | -9,65 [-10,82[-12,06|-13,36




ONeKTOpHHbIN apxuB YITITY

Oxkonyanue Tadi. 3

Sl

2 3 [ 4] 5 [ 6 1 7 1 8 ] 9 Juwo [ 1t 12131415 ] 16 ] 17 ] 18] 19 ]2 [ 21 ]2
V5" 91,91

14 | v" 10,03 7]0,13]028]0,51]0,79]1,14]1,55]2,027]2,56]3,16 [ 3,83 [4,56]535]620 [ 7,12 [ 8,10 [ 9,14 [ 10,25 [ 11,42 [ 12,65
% |-0,03]-0,14 [ -0,31 | -0,55 [ -0,86 | -1,24 [ -1,69 | -2,20 | -2,79 | -3,44 | 4,16 | -4,96 | -5,82 | -6,75 | -7,74 | -8,81 | -9,95 [-11,15[-12,43[-13,77
V5" -95,65

15 | ¥" 10,03 10,03 ]030]0,54]085[1,22]1,66][2,16]2,74]338]4,09]487]572]663]761[8,66]9,77 [10,96]12,21][13,53
% |-0,03]-0,14 [-0,32]-0,57 [-0,88 | -1,27 [ -1,73 [ -2,26 | -2,86 | -3,54 | -4,28 | -5,09 | -5,98 | -6,93 | -7,96 | -9,05 [-10,22]-11,46]-12,77[-14,14
V5" -99,39

16 | ¥," 10,04 [ 0,14 0,320,558 ]0,9 [ 1,30 [ 1,76 [ 2,30 [ 2,92 | 3,60 [ 4,36 [ 5,19 [ 6,09 [ 7,06 | 8,10 [ 9,22 [ 10,41 | 11,67 | 13,00 | 14,40
% |-0,04[-0,14 [ -0,33 | -0,58 [ -0,91 | -1,30 [ -1,77 | 2,32 | -2,93 [ -3,62 | 4,38 | -5,22 | 6,12 | -7,10 | -8,15 | -9,28 |-10,47[-11,74[-13,08]-14,49
7 -103,13

17 [ ¥" 10,04 [0,15]034[0,61 [0,95]1,37 [ 1,87 [ 2,44 [ 3,09 [ 3,82 | 4,62 [ 5,50 | 6,46 | 7,49 | 8,59 | 9,78 [ 11,04 [ 12,38 [ 13,79 [ 15,28
% |-0,04 [-0,15]-0,33]-0,59 [-0,93 | -1,33 [ -1,81 | -2,37 | -3,00 | -3,70 | -4,48 | -5,33 | -6,26 | -7,26 | -8,33 | -9,48 |-10,70[-12,00]-13,37[-14,82
7 -106,88

18 | ¥™ 10,04 [ 0,16 036 ]0,65] 1,01 [ 1,45 [ 1,98 | 2,58 [ 3,27 [ 4,04 | 4,89 [ 582 [ 6,83 [ 7,92 | 9,09 [ 10,34 [ 11,67 | 13,09 [ 14,58 [ 16,16
% | -0,04 [-0,15]-0,34 | -0,60 [ -0,94 | -1,36 [ -1,85 | -2,42 | -3,06 | -3,78 | 4,57 | -5,44 | -6,39 | -7,41 | -8,50 | -9,67 |-10,92[-12,24[-13,64]-15,12
7 -110,62

19 | ¥" 10,04 [0,17 [ 038 [ 0,68 [ 1,06 | 1,53 [ 2,09 [ 2,72 [ 3,45 [ 4,26 | 5,15 [ 6,13 [ 7,20 [ 8,34 | 9,58 [ 10,90 [ 12,30 [ 13,79 [ 15,37 [ 17,03
% |-0,04 [-0,15]-0,35]-0,621-0,96 | -1,39 [ -1,89 | -2,46 | -3,12 [ -3,85 | 4,66 | -5,54 | -6,50 | -7,54 | -8,66 | -9,85 |-11,12[-12,47[-13,89]-15,40
7 -114,36

20 [ ¥ [ 0,04 [ 0,18 040 [0,72 [ 1,12 [ 1,61 [ 2,19 2,86 [ 3,63 | 448 [542]645] 757877 [10,07]11,46]12,94[14,50] 16,16 [17,91
% |-0,04[-0,16 | -0,35 | -0,63 [ -0,98 | -1,41 [ -1,92 | -2,50 | -3,17 [ -3,91 | 4,74 | -5,64 | -6,62 | -7,67 | -8,81 [-10,02]-11,31[-12,68]-14,13]-15,66
7 -118,10

21 [ "™ 10,05 0,19 [042 0,75 [ 1,17 [ 1,69 | 2,30 [ 3,00 [ 3,80 | 4,69 [ 5,68 | 6,76 [ 7,93 [ 9,20 [ 10,56 [ 12,02 [ 13,57 [ 15,21 [ 16,95 | 18,78
% |-0,04 [-0,16 | -0,36 | -0,64 [ -0,99 | -1,43 [ -1,95 | -2,54 | -3,22 [ -3,98 | 4,81 | -5,72 | -6,72 | -7,79 | -8,95 |-10,18]-11,49[-12,88[-14,35]-15,90
7 -121,85

22 [ ¥" ] 0,05]020]044 [079] 1,23 1,77 [ 2,41 [ 3,14 [ 3,98 [ 491 [ 595 [ 7,08 [ 8,30 [ 9,63 [ 11,06 [ 12,58 [ 14,20 [ 15,92 [ 17,74 | 19,66
% |-0,04-0,16 [ -0,36 | -0,64 | -1,01 | -1,45 [ -1,98 | -2,58 | -3,27 | -4,03 | 4,88 | -5,81 | 6,82 | -7,90 | -9,07 [-10,32[-11,66]-13,07]-14,56]-16,13
7 -125,59

23 [ v" ] 0,05]0,20]046[0,8 [ 1,28 1,85 [2,51[328[4,16]5,13]6,21 [739 8,67 [10,06]11,55]13,14[14,83]16,63 [ 18,53 [ 20,53
% | -0,04 [-0,16 [ -0,37 | -0,65 [ -1,02 | -1,47 [ -2,00 [ -2,62 | -3,31 [ -4,09 | -4,95 | -5,89 [ -6,91 | -8,01 | -9,20 [-10,46[-11,81][-13,24[-14,75]-16,35
7 -129,33

24 [ v 10,05 ]021 048 [0,86] 1,34 [ 1,93 [ 2,62 [ 3,42 [ 433 [ 535 [ 648 | 7,71 [ 9,04 [10,49 [ 12,04 [ 13,70 [ 15,47 [ 17,34 [ 19,32 [ 21,41
% |-0,04[-0,16 [ -0,37 | -0,66 | -1,03 | -1,49 [ -2,03 [ -2,65 | -3,35 | -4,14 | -5,01 | -5,96 [ -6,99 | -8,11 | -9,31 [-10,59[-11,96]-13,41[-14,94]-16,55




911

ONeKTOpHHbIN apxuB YITITY

Tabnuua 4
Peakiuu onopsl pH yriie HAKJIOHA PYKOSATH MaHUNYJISATOpA K BEpTUKAIH S = 40°

Gy «H , pag/c

kH| ™ ™"10,05 [ 0,10 [ 0,15 ] 0,20 [ 0,25 [ 0,30 | 0,35 [ 0,40 [ 0,45 | 0,50 [ 0,55 [ 0,60 | 0,65 [ 0,70 [ 0,75 | 0,80 [ 0,85 [ 0,90 [ 0,95 | 1,00

1] 2 3 4 5 6 7 8 9o [ 1o | 11 [ 12 [ 13 | 14 [ 15 [ 16 | 17 | 18 | 19 | 20 [ 21 | 22
" -58,08

4 [ v" 1001003700600 ] 0,16 [ 023]031[040]051]063]0,77 [091 [ 1,07 [ 1,24 [ 1,42 [ 1,62 | 1,83 | 2,05 | 2,28 | 2,53
% |-0,01 [ -0,04 |-0,10 | -0,17 [ -0,27 | -0,39 | -0,53 [ -0,70 [ -0,88 | -1,09 [ -1,32 [ -1,57 | -1,84 | -2,13 | -2,45 | -2,79 | -3,15 | -3,53 [ -3,93 | -4,36
V" -62,19

5 | %™ | 0,01 ]0,03]0,07[013]0,21]0,30]040]0,527]0,66 [ 0827099 [ 1,18 [ 1,39 [ 1,61 [ 1,85 [ 2,10 | 2,37 | 2,66 | 2,96 [ 3,28
% |-0,01 [-0,05]-0,12 | -0,21 [ -0,33 | -0,47 | -0,65 [ -0,84 [ -1,07 | -1,32 [ -1,60 | -1,90 | -2,23 | -2,58 | -2,97 | -3,38 | -3,81 | -4,27 | -4,76 | -5,27
" -66,30

6 | "™ [ 0,01 ]0,04]0,09]016]025]0,36]049 ] 06408 ] 1,00 [1,22]1,45]1,70 [ 1,97 | 2,27 | 2,58 | 2,91 [ 3,26 | 3,64 | 4,03
% |-0,02 [ -0,06 | -0,14 | -0,24 [ -0,38 | -0,55 | -0,74 [ -0,97 [ -1,23 | -1,52 [ -1,84 [ -2,19 | -2,57 | -2,98 | -3,42 | -3,89 | -4,39 | -4,92 | -5,49 | -6,08
Y, -70,41

7 | ™ | 0,01 [ 0,05]0,11]019]0,30]043]059]076]0,97 [ 1,20 1,45 [ 1,72 [ 2,02 [ 2,34 [ 2,69 | 3,06 | 3,45 | 3,87 [ 4,31 [ 4,78
% |-0,02 [ -0,07 | -0,15 | -0,27 [ -0,42 | -0,61 | -0,83 [ -1,09 [ -1,37 | -1,70 [ -2,05 | -2,44 | -2,87 | -3,33 | -3,82 | -4,34 [ -4,91 | -5,50 | -6,13 | -6,79
" 74,52

8 [ %™ | 0,01 [006]0,12]022]035]0,50 0,68 [ 088 [ 1,12 [ 1,38 [ 1,67 | 1,99 [ 2,34 [ 2,71 [ 3,11 | 3,54 | 4,00 [ 4,48 [ 4,99 | 5,53
% |-0,02 [ -0,07 | -0,17 | -0,30 [ -0,46 | -0,67 | -0,91 [ -1,19 [ -1,50 | -1,86 | -2,24 | -2,67 | -3,14 | -3,64 | -4,17 | -4,75 | -5,36 | -6,01 | -6,70 | -7,42
" -78,63

9 | ¥™ | 0,02]0,06]014]025]039]0,57 077 [ 1,00 [ 1,27 [ 1,57 [ 1,90 | 2,26 | 2,65 | 3,08 [ 3,53 | 4,02 | 4,54 | 5,09 [ 5,67 [ 6,28
% |-0,02 [ -0,08 | -0,18 | -0,32 [ -0,50 | -0,72 | -0,98 [ -1,28 [ -1,62 | -2,00 | -2,42 | -2,88 | -3,37 | -3,91 | -4,49 | -5,11 | -5,77 | -6,47 | -7,21 | -7,99
" -82,74

10 | ¥," ] 0,02 ] 0,07 [ 0,16 [ 0,28 [ 0,44 [ 0,63 [ 0,86 [ 1,12 [ 1,42 [ 1,76 [ 2,13 [ 2,53 | 2,97 | 3,44 [ 3,95 [ 4,50 [ 5,08 | 5,69 | 6,34 | 7,03
% |-0,02 [ -0,08 | -0,19 | -0,34 [ 0,53 | -0,76 | -1,04 [ -1,36 | -1,72 | -2,12 [ -2,57 [ -3,06 | -3,59 | -4,16 | -4,78 | -5,44 | -6,14 | -6,88 | -7,67 | -8,50
" -86,85

11 [ ¥" 0,02 ]0,08[018]031 049 [070 [ 095] 1,24 [ 1,58 [ 1,94 [ 2,35 [ 2,80 [ 3,29 | 3,81 | 4,38 [ 4,98 [ 5,62 | 6,30 | 7,02 [ 7,78
% |-0,02 [ -0,09 | -0,20 | -0,36 | -0,56 | -0,81 | -1,10 [ -1,43 [ -1,81 | -2,24 [ -2,71 [ -3,22 | -3,78 | -4,39 | -5,04 | -5,73 | -6,47 | -7,26 | -8,08 | -8,96
" -90,96

12 [ "™ 10,02 ]0,09 [0,19]034]0,53[077 [ 1,04 1,36 [ 1,73 [ 2,13 | 2,58 [ 3,07 [ 3,60 | 4,18 [ 4,80 [ 5,46 | 6,16 | 6,91 | 7,70 | 8,53
% |-0,02 [-0,09 | -0,21 | -0,38 [ -0,59 | -0,84 | -1,15 [ -1,50 [ -1,90 | -2,34 [ -2,84 [ -3,38 | -3,96 | -4,59 | -5,27 | -6,00 | -6,77 | -7,60 | -8,46 | -9,38
" -95,07

13 %™ 002009 0210370587084 1,14 1,48 1,88]232]2,81 [334]392]455][522]597]670]752]837]9,28
% |-0,02 [-0,10 | -0,22 | -0,39 [ -0,61 | -0,88 | -1,20 [ -1,56 | -1,98 | -2,44 [ -2,95 | -3,51 | -4,12 | -4,78 | -5,49 | -6,25 | -7,05 | -7.91 | -8,81 | -9,76




LTI

ONeKTOpHHbIN apxuB YITITY

OxkoHyaHue TadII.

1] 2 3 4 5 6 7 8 o [ 1o [ 1 [ 12 ] 13 [ 14 ] 1516 ] 17 [ 18] 19 ] 20 ] 21 | 22
V" 99,18

14 | v" ] 0,03 [ 0,10 [ 0,23 0,40 [ 0,63 ] 0,90 | 1,23 | 1,60 | 2,03 | 2,51 | 3,03 | 3,61 | 4,24 | 491 | 5,64 [ 6,42 | 7,25 | 8,12 | 9,05 | 10,03
% | -0,03[-0,10]-0,23 [-0,40 [ -0,63 | -0,91 [ -1,24 | -1,62 | -2,05 | -2,53 | -3,06 | -3,64 | -4,27 | -4,95 | -5,69 | -6,47 | -7,31 | -8,19 | -9,13 [-10,11
V5" -103,29

15 v" ] 0,03 [0,11]024]043]0,67 097 ] 1,32 ] 1,72 ] 2,18 | 2,69 | 3,26 | 3,88 | 4,55 | 5,28 | 6,06 [ 6,90 | 7,79 | 8,73 | 9,73 [ 10,78
% |-0,03[-0,10]-0,23 [-0,42]-0,65]-0,94 |-1,28 | -1,67 | -2,11 | -2,61 | -3,16 [ -3,76 | -4,41 [ -5,11 | -5,87 | -6,68 | -7,54 | -8,45 [ -9,42 |-10,44
V5" -107,40

16 | ¥” ] 0,03 [ 0,12 ]026]046]072]1,04 [ 1,41 | 1,84 | 2,33 [ 2,88 | 3,49 | 4,15 | 4,87 | 5,65 | 6,48 [ 7,38 | 8,33 | 9,34 [ 10,40 [ 11,53
% |-0,03[-0,11]-0,24[-0,43]-0,67-0,97 |-1,31 | -1,72 | -2,17 | -2,68 | -3,25 [ -3,86 | -4,54 | -5,26 | -6,04 | -6,87 | -7,76 | -8,69 | -9,69 |-10,73
V5" -111,51

17 | " ] 0,03 [0,12]028 [049]0,77 [ 1,11 [ 1,50 | 1,96 | 2,49 | 3,07 | 3,71 | 4,42 [ 5,19 | 6,02 | 6,91 [ 7.86 | 8,87 | 9,95 | 11,08 [ 12,28
% |-0,03[-0,11]-0,25]-0,44 [-0,69|-0,99 | -1,35 | -1,76 | -2,23 | -2,75 | -3,33 | -3,96 | -4,65 | -5,40 | 6,19 [ -7,05 | -7,96 | -8,92 | -9,94 [-11,01
V5" -115,63

18 | ¥” | 0,03 [0,13]029]052]081 1,17 ] 1,60 | 2,08 | 2,64 | 3,26 | 3,94 | 4,69 | 5,50 | 6,38 | 7,33 [ 8,34 | 9,41 [10,55 ] 11,76 | 13,03
% |-0,03[-0,11]-0,25]-0,45]-0,70 | -1,01 | -1,38 | -1,80 | -2,28 | -2,82 | -3,41 | -4,06 | -4,76 | -5,52 | -6,34 | -7,21 | -8,14 | -9,13 |-10,17]-11,27
V5" -119,74

19 | " ] 0,03 [0,14]031]055]086]1,24]1,69]220]279 344417 49 |58 ]6,75]775]882]9,95[11,16]12,43]13,78
% | -0,03[-0,12]-0,26 [ -0,46 [ -0,72 | -1,04 | -1,41 | -1,84 | -2,33 | -2,88 | -3,48 | 4,14 | -4,86 | -5,64 | -6,47 [ -7,36 | -8,31 | -9,32 |-10,38]-11,51
V5" -123,85

20 [ ¥"" [ 0,04 | 0,15]033[058[091 1,31 [1,78]232]294]3,63]439]523]6,14] 7,12 ] 8,17 [ 9,30 |10,50[11,77 [ 13,11]14,53
% |-0,03[-0,12]-0,26 [ -0,47 [ -0,73 | -1,06 | -1,44 | -1,88 | -2,38 | -2,93 | -3,55 [ 4,22 | -4,96 | -5,75 | -6,60 | -7,51 | -8,48 | -9,50 [-10,59]-11,73
V5" -127,96

21 [ ¥" [ 0,04 | 0,15]034[0,61]095]1,38]1,87]244 3,09 ]382]4,62]550]645] 749 | 8,59 ] 9,78 |11,04]12,38]13,79]15,28
% |-0,03 [-0,12]-0,27 [-0,48 [-0,75|-1,07 | -1,46 | -1,91 | -2,42 | -2,98 | -3,61 [ -4,30 | -5,04 | -5,85 | -6,72 | -7,64 | -8,63 | -9,67 [-10,78]-11,94
V5" -132,07

22 [ ¥" [ 0,04 ] 0,16 ]036]064]1,00]1,44] 1,96 [256]325]401 485577677 7,85 ] 9,02 [10,26] 11,58 ]12,98 | 14,47 [ 16,03
% |-0,03[-0,12]-0,27 [-0,49 [-0,76 | -1,09 | -1,49 | -1,94 | -2,46 | -3,03 | -3,67 [ 4,37 | -5,13 [ -5,95 | -6,83 | -7,77 | -8,77 | -9,83 [-10,95]|-12,14
V5" -136,18

23 [ ¥" [ 0,04 | 0,17 [ 038 [ 0,67 ] 1,05]1,51[2,06]268]3,40] 4,19 | 5,08 | 6,04 | 7,09 | 8,22 | 9,44 [10,74 | 12,12 [ 13,59 | 15,14 [ 16,78
% |-0,03[-0,12]-0,28[-0,49 [-0,77 | -1,11 [ -1,51 | -1,97 | -2,49 | -3,08 | -3,73 | -4,44 | -5,21 | -6,04 | -6,93 [ -7,88 | -8,90 | -9,98 |-11,12]-12,32
V5" -140,29

24 | v"" [ 0,04 | 0,18 039 [0,70 [ 1,10 [ 1,58 [ 2,15 ] 2,80 | 3,55 | 4,38 [ 5,30 | 6,31 | 7,41 | 8,59 | 9,86 [ 11,22 12,66 [ 14,10 | 15,82 ] 17,53
% |-0,03[-0,12]-0,28 [-0,50 [ -0,78 | -1,12 [ -1,53 | -2,00 | -2,53 | -3,12 | -3,78 | -4,50 | -5,28 | -6,12 | -7,03 | -8,00 | -9,03 [-10,12|-11,28]-12,49




811

ONeKTOpHHbIN apxuB YITITY

Tabauma
Peakiuu onopsl MpH yriie HaKJIOHA PYKOSATH MaHUNYJISATOPA K BEpTUKaAIH S = 50°

Gy «H , pag/c

«H|"® " [70,05 ] 0,10 [ 0,15 | 0,20 | 0,25 | 0,30 | 0,35 | 0,40 | 0,45 | 0,50 | 0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 | 1,00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Ych '61701

4 1 v;" 10,00 | 0,00 ]001]002]0,03]0,04][006][008]010][012]0,15]0,17 [ 020 [ 024 [ 0,27 | 0,31 | 035 | 0,39 | 0.44 [ 048

% | 0,00 | 0,00 | -0,02 | -0,03 | -0,05 | -0,07 | -0,10 | -0,13 | -0,16 | -0,20 | -0,24 | -0,29 | -0,33 | -0,39 | -0,45 | -0,51 | -0,57 | -0,64 | -0,72 | -0,79
Ych -65,42

5 [ 7" 0,00 ] 0,00 | 0,02] 0,04 ] 0,06 0,09 ] 0,13 ] 0,16 | 0,21 | 0,26 | 0,31 | 0,37 | 0,43 | 0,50 | 0,58 | 0,66 | 0,74 | 0,83 | 0,92 | 1,02

% | 0,00 | 0,02 | -0,04 | -0,06 | -0,10 | -0,14 | -0,19 | -0,25 | -0,32 | -0,39 | -0,47 | -0,56 | -0,66 | -0,77 | 0,88 | -1,00 | -1,13 | -1,27 | -1,41 | -1,56
Ych -69,83

6 [ ¥, | 0,00 [ 0,02 ]0,04 ] 006010 ] 0,14 | 0,19 | 0,25 | 0,32 | 0,39 | 0,47 | 0,56 | 0,66 | 0,77 | 0,88 | 1,00 | 1,13 | 1,27 | 1,41 | 1,56

% | 0,00 | -0,02 | -0,05 | -0,09 | -0,14 | 0,20 | -0,27 | -0,36 | -0.45 | -0,56 | -0,68 | -0,81 | -0,95 | -1,10 | 1,26 | -1,43 | -1,62 | -1,81 | 2,02 | -2,24
Y 74,24

7 [ ¥ 0010027005008 ]013[0,19]026[034]043]0,53]0,64]0,76]08 [1,03] 1,18 1,35] 1,52 ] 1,70 | 1,90 [ 2,10

% | -0,01 | -0,03 | -0,06 | -0,11 | 0,18 | -0,25 | -0,35 | -0,45 | -0,57 | -0,71 | 0,86 | -1,02 | -1,20 | -1,39 | -1,59 | -1,81 | -2,05 | -2,29 | -2,56 | -2,83
Ych -78,65

8 | ¥5" 0,01 003006011017 [0,24]032]0427]0,547]0,66]080 [095][ 1,12 ] 1,30 [ 1,49 [ 1,69 [ 1,91 [ 2,14 [ 2,39 | 2,64

% | -0,01 | -0,03 | -0,08 | -0,13 | -0,21 | -0,30 | -0,41 | -0,54 | -0,68 | -0,84 | -1,02 | -1,21 | -1,42 | -1,65 | -1,89 | 2,15 | 2,43 | 2,72 | -3,03 | -3,36
Ych -83,06

9 [ %™ | 0,01 [0,03]0,07 [ 013020029039 051 [064]080[096] 1,15 1,34 1,56 | 1,79 [ 2,04 | 230 | 2,58 | 2,87 | 3,18

% | 0,01 | -0,04 | -0,09 | -0,15 | -0,24 | 0,34 | 0,47 | -0,61 | -0,78 | -0,96 | -1,16 | -1,38 | -1,62 | -1,88 | 2,16 | -2,45 | 2,77 | -3,10 | -3,46 | -3,83
Y, 87,47

10 [ ¥,” | 0,01 | 0,04 | 0,08 | 0,15 | 0,23 | 0,34 | 0,46 | 0,60 | 0,75 | 0,93 | 1,13 | 1,34 | 1,57 | 1,82 | 2,09 | 2,38 | 2,69 | 3,02 | 3,36 | 3,72

% | -0,01 | -0,04 | -0,10 | -0,17 | -0,27 | -0,38 | -0,52 | -0,68 | -0,86 | -1,06 | -1,29 | -1,53 | -1,80 | -2,09 | 2,39 | -2,72 | -3,08 | -3,45 | -3,84 | -4,26
Ych -91,88

11 [ ¥, [ 0,00 | 0,04 | 0,10 ] 0,17 | 0,27 | 0,38 | 0,52 | 0,68 | 0,86 | 1,07 | 1,29 | 1,53 | 1,80 | 2,09 | 2,40 | 2,73 | 3,08 | 3,45 | 3,85 | 4,26

% | -0,01 | -0,05 | -0,10 | -0,19 | -0,29 | -0,42 | -0,57 | -0,74 | 0,94 | -1,16 | -1,40 | -1,67 | -1,96 | 2,27 | 2,61 | -2,.97 | -3,35 | -3,76 | 4,19 | -4,64
Ych '96’29

12 [ ¥, [ 0,00 | 0,05] 0,11 ] 0,19 | 0,30 | 0,43 | 0,59 | 0,77 | 0,97 | 1,20 | 1,45 | 1,73 | 2,03 | 2,35 | 2,70 | 3,07 | 3,47 | 3,89 | 4,33 | 4,80

% | -0,01 | -0,05 | -0,11 | -0,20 | -0,31 | -0,45 | -0,61 | -0,80 | -1,01 | -1,25 | 1,51 | -1,80 | -2,11 | 2,44 | 2,81 | -3,19 | 3,60 | -4,04 | -4,50 | 4,99
Ych -1 00, 70

13 [ 7" [ 0,01 | 0,05 0,12 ] 0,21 | 0,33 | 0,48 | 0,65 | 0,85 | 1,08 | 1,34 | 1,62 | 1,92 | 2,26 | 2,62 | 3,01 | 3,42 | 3,86 | 4,33 | 4,82 | 5,34

% | -0,01 | -0,05 | -0,12 | -0,21 | -0,33 | 0,48 | -0,65 | -0,85 | -1,07 | -1,33 | -1,61 | -1,01 | 2,24 | 2,60 | 2,98 | -3,40 | -3,83 | -4,30 | -4,79 | -5,31




611

ONeKTOpHHbIN apxuB YITITY

OxkonuaHue TadiI. 5

1] 2 3 4 5 6 7 8 | 9 [ 1o | 1t J 12 [ 13 ] 14 [ 15 ] 16 | 17 [ 18 ] 19 [ 20 [ 21 [ 22
V" -105,11

14 | v" | 0,01 [0,06]0,13]024]037]053]072]0094] 1,19 1,47 | 1,78 | 2,12 | 2,49 | 2,88 | 3,31 [ 3,77 | 4,25 [ 4,77 | 5,31 | 5,88
% | -0,01 [ -0,06 ] -0,13 [-0,22 [ -0,35|-0,50 | -0,69 | -0,90 | -1,13 | -1,40 | -1,69 | -2,01 | -2,36 | -2,74 | -3,15 | -3,58 | -4,04 | -4,53 | -5,05 | -5,60
V" -109,52

15 | ¥" | 0,02 [ 0,06 [ 0,14 ]026] 040 | 0,58 ]0,79 | 1,03 | 1,30 | 1,61 | 1,94 | 2,31 | 2,71 | 3,15 | 3,61 [ 4,11 | 4,64 | 5,20 | 5,80 | 6,42
% | -0,01[-0,06]-0,13]-0,23-0,37|-0,53[-0,72|-0,94 | -1,19 | -1,47 | -1,77 [ -2,11 | -2,48 [ -2,87 | -3,30 | -3,75 | -4,24 | -4,75 [ -5,29 | -5,86
V5" -113,94

16 | ¥," 10,02 ] 0,07 [ 0,16 | 0,28 [ 0,44 | 0,63 [ 0,85 | 1,11 [ 1,41 | 1,74 [ 2,11 [ 2,51 [ 2,94 | 3,41 [ 3,92 [ 4,46 [ 5,03 | 5,64 | 6,28 | 6,96
% | -0,02 [-0,06 ] -0,14 [ -0,24 | -0,38 | -0,55 | -0,75 | -0,98 | -1,24 | -1,53 | -1,85 [ -2,20 | -2,58 | -2,99 | -3,44 [ -3,91 | 4,42 | -4,95 | -5,52 | -6,11
V5" -118,35

17 | ¥" ] 0,02 [ 0,08 [ 0,17 030 ] 047 | 0,68 092 ] 1,20 | 1,52 | 1,88 | 2,27 [ 2,70 | 3,17 | 3,68 | 4,22 [ 4,80 | 542 | 6,08 | 6,77 | 7,50
% | -0,02 [ -0,06 | -0,14 [ -0,25 [ -0,40 | -0,57 [ -0,78 | -1,01 | -1,28 | -1,58 | -1,92 | -2,28 | -2,68 | -3,11 | -3,57 [ -4,06 | -4,58 | -5,14 | -5,72 | -6,34
V5" -122,76

18 | ¥” ] 0,02 0,08 ]0,18]032]050]0,72]099 | 1,29 | 1,63 | 2,01 | 2,43 [ 2,90 | 3,40 | 3,94 | 4,52 [ 5,15 | 5,81 | 6,51 | 7,26 | 8,04
% | -0,02 [-0,07]-0,15]-0,26 | -0,41 | -0,59 [ -0,80 | -1,05 | -1,33 | -1,64 | -1,98 | -2,36 | -2,77 | -3,21 | -3,69 [ -4,19 | -4,73 [ -5,31 | -5,91 | -6,55
V5" -127,17

19 | " ] 0,02 [0,09]0,19]034]054]077]1,05] 1,37 | 1,74 | 2,15 | 2,60 | 3,09 | 3,63 | 421 | 4,83 [ 549 | 6,20 | 6,95 | 7,75 | 8,58
% | -0,02 [-0,07]-0,15]-0,27 [ -0,42 | -0,61 | -0,83 | -1,08 | -1,37 | -1,69 | -2,04 | -2,43 | -2,85 | -3,31 | -3,80 | -4,32 | -4,88 | -5,47 | -6,09 | -6,75
V5" -131,58

20 [ ¥3”" [ 0,02 ] 0,09 ]0,21]036]057]08]1,12] 1,46 ] 1,85 ] 2,28 2,76 3,28 385|447 513 [584]659]739]3823]09,12
% | -0,02 [-0,07]-0,16]-0,28 | -0,43 | -0,62 [ -0,85 | -1,11 | -1,40 | -1,73 | -2,10 | -2,50 | -2,93 | -3,40 | -3,90 | -4,44 | -5,01 | -5,62 | -6,26 | -6,93
V5" -135,99

21 [ ¥" [ 0,02 [ 0,10 [ 0,22 ]039]0,60]087 [ 1,181,519 | 2,42 2,92 ]348 4,08 | 473 | 544 [ 6,18 | 698 | 7,83 | 8,72 | 9,66
% | -0,02 [-0,07]-0,16]-0,28 | -0,44 | -0,64 | -0,87 | -1,14 | -1,44 | -1,78 | -2,15 | -2,56 | -3,00 | -3,48 | -4,00 | -4,55 | -5,13 | -5,76 | -6,41 | -7,11
V5" -140,40

22 [ ¥" [ 0,03 ]0,10[023]041]064]092]1,25]1,63]207]255]3,09 |3,67]431]500]574]653]737]826] 921 [10,20
% | -0,02 [-0,07]-0,16]-0,29 | -0,45 | -0,65 | -0,89 | -1,16 | -1,47 | -1,82 | -2,20 | -2,62 | -3,07 | -3,56 | -4,09 | -4,65 | -5,25 | -5,89 | -6,56 | -7,27
V5" -144,81

23 [ ¥" [ 0,03 ] 0,11 [024]043]067]097 1,32 ] 1,72 ]2,18 2,69 | 3,25 387 4,54 ]526]6,04]688]7,76] 8,70 | 9,70 [ 10,74
% | -0,02 [-0,07]-0,17 [ -0,30 | -0,46 | -0,67 | -0,91 | -1,19 | -1,50 | -1,85 | -2,24 [ -2,67 | -3,13 [ -3,64 | -4,17 | -4,75 | -5,36 | -6,01 | -6,70 | -7,42
V" -149,22

24 | v"" [ 0,03 ] 0,01 ][025][045]0,71 [1,02]1,38] 1,81 [228] 282341 [4,06]4,77]553]635]722]8,15]09,14 [10,18]11,28
% | -0,02 [-0,08]-0,17 [ -0,30 | -0,47 | -0,68 | -0,93 | -1,21 | -1,53 | -1,89 | -2,29 [ -2,72 | -3,19 [ -3,70 | -4,25 | -4,84 | -5,46 | -6,12 | -6,82 | -7,56




0¢1

ONeKTOpHHbIN apxuB YITITY

Tabmuma 6
Peaxiiuu onopsl npu yriie HAKJIOHAa PYKOSITH MaHUMYJISITOpa K BepTukanu ff = 60°

G;, Yo kH w, paz/c

kH| "B 0,05 10,10 ] 0,151 0,20 [ 0,25 [0,30 [ 0,35 [ 0,40 [ 0,45 [ 0,50 [ 0,55 ] 0,60 [ 0,65 ] 0,70 [ 0,75 | 0,80 [ 0,85 | 0,90 [ 0,95 | 1,00

1] 2 3 4 5 6 7 8 9 10 | 11 12 | 13 [ 14 | 15 16 | 17 18 | 19 | 20 | 21 | 22
V5" -63,52

4 | ¥" [-0,01]-0,02]-0,05]-0,10[-0,15[-0,22 [-0,30 [ -0,39 [ -0,49 [ -0,60 [ -0,73 [ -0,87 [ -1,02 | -1,18 [ -1,36 | -1,54 [ -1,74 [ -1,95 | -2,18 [ -2,41
% | 0,01 [0,04]009]015]024]034]047 061077095 ] 1,15]137 1,61 | 1,86 | 2,14 [ 2,43 | 2,75 | 3,08 | 3.43 | 3,80
V5" -68,19

5 | ™ [-0,01 [-0,02]-0,05]-0,09[-0,14 [ 0,20 [ -0,27 [ -0,35 [ -0,44 [ -0,55 [ -0,66 [ -0,79 [ -0,92 [ -1,07 [ -1,23 [ -1,40 [ -1,58 | -1,77 [ -1,97 | -2,19
% | 0,00 [0,03]007]013]020]029]039]0,51]0,65] 0801097 [1,15]135] 157 ] 1,80 [ 2,05 ] 232] 2,60 | 2,89 | 3,21
V5" -72,86

6 | Y, 0,00 [-0,02]-004]-008]-012[-0,18 [ -0,24 [ -0,31 [ -0,40 [ -0,49 [ -0,59 [ -0,70 [ -0,83 [ -0,96 [ -1,10 | -1,25 [ -1,41 | -1,59 [ -1,77 | -1,96
% | 0,00 [ 0,03]006]011]017]024]033]043]0,54]0,67 08 ]097 | 1,14 ] 132] 1,51 [ 1,72]194]218 ] 243 ] 2,69
V5" -77,52

7 | v 0,00 [-0,02]-0,04]-007[-0,11[-0,16 [ -021 [ -0,28 [ -0,35 [ -0,43 [ -0,52 [ -0,62 [ -0,73 [ -0,85 [ -0,97 | -1,11 [ -1,25 [ -1,40 [ -1,56 [ -1,73
% | 0,00 [ 0,02 1005009014 020027 | 036045 0,56 ] 0,68 0,80 ] 094 ] 1,09 126] 143 1,61 1,81 | 2,01 | 2,23
V5" -82,19

8 | ¥ ] 0,00 [-0,02]-0,03]-0,06]-009]-0,14]-0,18 [ -0,24 [ -0,30 [ -0,38 [ -0,45 [ -0,54 [ -0,63 [ -0,74 [ -0,85 [ -0,96 [ -1,09 | -1,22 [ -1,36 | -1,50
% | 0,00 [ 0,02]004]007]011]016]022]029]037]046]0,55]0,66] 07709 | 1,03] 1,17 ] 1,32 ] 1,48 | 1,65 | 1,83
V5" -86,86

9 | " [ 0,00 [-0,01]-0,03]-0,05]-008][-0,111-0,16 [ -0,20 [ -0,26 [ -0,32 [-0,39 [ -0,46 [ -0,54 [ -0,62 [ -0,72 [ -0,82 [ -0,92 | -1,03 [ -1,15 [ -1,27
% | 0,00 [ 0,01 ]0,03]006]009]013]018]023]030] 037044 ]0,53]0,62]072]0,8[094]1,06] 1,19 132] 147
V5" 91,53

10 | ¥ | 0,00 [-0,01 [-0,02]-0,04[-0,07 [-0,09[-0,13-0,17 [-0,21 [ -0,26 [ -0,32 [ -0,38 | -0,44 [ -0,51 | -0,59 [ -0,67 | -0,76 [ -0,85 [ -0,94 [ -1,05
% | 0,00 [ 0,01 [003]005]007]010]0,14 0,18 | 0,23 | 0,29 | 0,35 | 0,41 | 0,48 | 0,56 | 0,64 | 0,73 | 0,83 | 0,93 | 1,03 | 1,14
V5" -96,20

11 [ v™ | 0,00 [-0,01]-0,02]-0,03]-0,05]-0,07 [-0,10 [-0,13]-0,17 [ -0,20 [ -0,25 [ -0,29 [ -0,35 [ -0,40 | -0,46 [ -0,52 | -0,59 [ -0,66 [ -0,74 | -0,82
% | 0,00 [ 0,01 ]002]003]005]008]010] 0,14 | 0,17 | 0,21 | 0,26 | 0,31 | 0,36 | 0,42 | 0,48 | 0,54 | 0,62 | 0,69 | 0,77 | 0,85
V5" -100,87

12 [ v™ | 0,00 [-0,01[-0,01]-0,02]-0,04[-0,05]-0,07[-0,09]-0,12]-0,15[-0,18 [-0,21 [ -0,25 [ -0,29 [ -0,33 [ -0,38 | -0,43 [ -0,48 [ -0,53 | -0,59
% | 0,00 [ 0,01 [0,01]002]004]005]007]009]0,12]0,15]0,18 | 021 | 0,25 | 0,29 | 0,33 [ 0,38 | 042 | 0,47 | 0,53 | 0,59
V5" -105,54

13 [ v" | 0,00 [ 0,00 [-0,01]-0,01[-0,02-0,03[-0,04-0,06]-0,07]-0,09[-0,11[-0,13 [-0,15[-0,18 [ -0,20 [ -0,23 | -0,26 [ -0,29 [ -0,33 | -0,36
% | 0,00 [ 0,00 0,01 ]001]002]003]004] 006|007 ]0,09]0,10]0,12]0,15] 017 | 0,19 [ 0,22 | 025 | 0,28 | 031 | 0,34




IC1

ONeKTOpHHbIN apxuB YITITY

OxkoHyaHue TadII.

1] 2 3 4 5 6 7 8 o [ 1o [ 1 [ 12 ] 13 [ 14 ] 1516 ] 17 [ 18] 19 ] 20 ] 21 | 22
V5" -110,20

14 | v” | 0,00 [ 0,00 [ 0,00 [ 0,00 [-0,01 [-0,01 [-0,02 [-0,02 |-0,03-0,03]-0,04 |-0,05]-0,06|-0,07-0,08[-0,09]-0,10]-0,11[-0,12]-0,14
% | 0,00 [ 0,00 [ 0,00 0,00 ] 0,01 ]001]002]002] 0,02 ] 0,03] 0,04 | 0,04 | 0,05] 0,06 | 0,07 [ 0,08 ] 0,09 ] 0,10 | 0,11 [ 0,12
V5" -114,87

15 | %" | 0,00 [ 0,00 [ 0,00 [ 0,00 [ 0,01 | 0,01 [ 0,01 [0,01]0,02]0,02]0,03]0,03] 0,04 ]0,05] 0,05][0,06 | 0,07 ] 0,07 | 0,08 ] 0,09
% | 0,00 [ 0,00 [ 0,00 ] 0,00 [-0,01]-0,01]-0,01]-0,01]-0,02]-0,02]-0,02]-0,03]-0,03]-0,04]-0,05]-0,05]-0,06]-0,06 |-0,07|-0,08
V5" -119,54

16 | ¥” | 0,00 [ 0,00 [ 0,01 [ 0,01 [ 0,02 |0,03]0,04[005] 0,06 | 0,08] 0,10 ] 0,12 | 0,14 | 0,16 | 0,18 [ 0,20 | 0,23 [ 0,26 | 0,29 | 0,32
% | 0,00 [ 0,00 [-0,01]-0,01[-0,02]-0,02]-0,03]-0,04]-0,05]-0,07]-0,08]-0,10 | -0,11 [ -0,13 | -0,15 [ -0,17 | -0,19 | -0,22 | -0,24 | -0,27
V5" -124,21

17 | ¥” | 0,00 [ 0,00 [ 0,01 [ 0,02 [ 0,03 ] 0,05 ]0,07]0,09[011]0,14]0,17 [ 0,20 | 0,23 [ 027 [ 0,31 [ 0,35 | 0,40 | 0,44 [ 0,49 | 0,55
% | 0,00 [ 0,00 [-0,01]-0,02]-0,03]-0,04]-0,05]-0,07-0,09-0,11]-0,13]-0,16 | -0,19 | -0,22 | -0,25 [ -0,28 | -0,32 [ -0,36 | -0,40 | -0,44
V5" -128,88

18 | ¥” | 0,00 [ 0,01 [ 0,02 ]0,03]005]007]009]0,12]0,16 0,19 | 0,23 0,28 | 0,33 ] 0,38 | 0,44 [ 0,50 | 0,56 | 0,63 | 0,70 | 0,78
% | 0,00 [-0,01]-0,01]-0,02][-0,04]-0,05]-0,07|-0,10-0,12 | -0,15 | -0,18 [ -0,22 | -0,25 [ -0,29 | -0,34 | -0,38 | -0,43 | -0,49 [ -0,54 | -0,60
V5" -133,55

19 | %" | 0,00 [ 0,01 [ 0,02 ]0,04]006]009]0,12]0,16] 0,20 0,25 ]0,30] 036 | 042 ] 0,49 | 0,56 [ 0,64 | 0,72 | 0,81 | 0,91 | 1,00
% | 0,00 [-0,01]-0,02]-0,03[-0,05]-0,07]-0,09]-0,12|-0,15]-0,19 | -0,23 | -0,27 | -0,32 | -0,37 | -0,42 [ -0,48 | -0,54 [ -0,61 | -0,68 | -0,75
V" -138,22

20 [ ¥;” [ 0,00 | 0,00 [ 0,03]0,05]008]0,11]0,15]020]025]031]037]044]052]0,60]0,69]0,79] 0,8 [ 1,00] 1,11 [ 1,23
% | 0,00 [-0,01]-0,02]-0,04[-0,06]-0,08]-0,11|-0,14-0,18 | -0,22 | -0,27 [ -0,32 | -0,38 | -0,44 | -0,50 | -0,57 | -0,64 | -0,72 | -0,80 | -0,89
V5" -142,88

21 [ ¥” [ 0,00 | 0,01 [ 0,03]0,06]009]0,13]0,18]023]030]036]0,44]0,53]0,62]0,71 0,8 [093] 1,05 ] 1,18 ] 1,32 | 1,46
% | 0,00 [-0,01]-0,02]-0,04[-0,06]-0,09]-0,13]-0,16 | -0,21 | -0,26 | -0,31 | -0,37 | -0,43 [ -0,50 | -0,57 | -0,65 | -0,74 | -0,83 [ -0,92 | -1,02
V5" -147,55

22 [ ¥" [ 0,00 | 0,02 ]0,04]0,07]0,11]0,15]021]027]034]042]0,51]061]071]083]0,95][1,08] 1,22 ] 1,37 ] 1,52 ] 1,69
% | 0,00 [-0,01-0,03]-0,05]-0,07]-0,10]-0,14]-0,18 | -0,23 | -0,29 | -0,35 | -0,41 | -0,48 | -0,56 | -0,64 [ -0,73 | -0,83 [ -0,93 | -1,03 | -1,14
V" -152,22

23 [ ¥” [ 0,00 | 0,02 ] 0,04 [0,08]0,12]0,17]023]031]039]048]0,58]0,69]0,81 ]094] 1,08 1,22]1,38]155]1,73] 191
% | 0,00 [-0,01]-0,03]-0,05]-0,08]-0,11 [-0,15]-0,20 | -0,25 | -0,31 | -0,38 | -0,45 | -0,53 | -0,62 | -0,71 | -0,80 | -0,91 | -1,02 | -1,13 | -1,26
V5" -156,89

24 | ¥,"" | 0,00 | 0,02 ]0,05][0,09]0,13]0,19]026]034]043]0,54]0,65]077]09 [ 1,05] 1,20 ] 1,37 | 1,55 [ 1,73 | 1,93 [ 2,14
% | 0,00 [-0,01]-0,03]-0,05]-0,09]-0,12]-0,17 | -0,22 | -0,28 | -0,34 | -0,41 | -0,49 | -0,58 | -0,67 | -0,77 | -0,87 | -0,99 | -1,11 [ -1,23 | -1,37




¢l

ONeKTOpHHbIN apxuB YITITY

Tabmuma7
Peaxiiuu onopsl npu yriie HAKJIOHa PYKOSITH MaHUMIYJsITOpa K BepTukanu ff = 70°

Gy «H , pag/c

kH| ™ ® 0,05 | 0,10 | 0,15 | 0,20 | 0,25 | 0,30 | 0,35 | 0,40 | 0,45 | 0,50 | 0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 | 1,00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Y™ -65,26

4 YB‘)“” -0,01 | -0,06 | -0,13 | -0,23 | -0,36 | -0,51 | -0,70 | -0,91 | -1,16 | -1,43 | -1,73 | -2,05 | -2,41 | -2,79 | -3,21 | -3,65 | -4,12 | -4,62 | -5,15 | -5,70
% 0,02 | 0,09 | 0,20 | 0,35 | 0,55 | 0,79 | 1,07 | 1,40 | 1,77 | 2,18 | 2,64 | 3,15 | 3,69 | 428 | 492 | 5,59 | 6,32 | 7,08 | 7,89 | 8,74
Ych -70,11

5 YB‘)“” -0,01 | -0,06 | -0,13 | -0,23 | -0,36 | -0,53 | -0,72 | -0,93 | -1,18 | -1,46 | -1,78 | -2,10 | -2,47 | -2,86 | -3,29 | -3,74 | -4,22 | -4,73 | -5,27 | -5,84
% 0,02 | 0,08 | 0,19 | 0,33 | 0,52 | 0,75 | 1,02 | 1,33 | 1,69 | 2,08 | 2,52 | 3,00 | 3,52 | 4,08 | 4,69 | 5,33 | 6,02 | 6,75 | 7,52 | 8,33
Y™ -74,96

6 YB‘)“” -0,01 | -0,06 | -0,13 | -0,24 | -0,37 | -0,54 | -0,73 | -0,96 | -1,21 | -1,49 | -1,81 | -2,15 | -2,53 | -2,93 | -3,36 | -3,83 | 4,32 | -4,84 | -5,39 | -5,98
% 0,02 | 0,08 | 0,18 | 0,32 | 0,50 | 0,72 | 0,98 | 1,28 | 1,61 | 2,00 | 2,41 | 2,87 | 3,37 | 3,91 | 449 | 5,10 | 5,76 | 6,46 | 7,20 | 7,97
Y™ -79,81

7 YB‘)“” -0,01 | -0,06 | -0,14 | -0,24 | -0,38 | -0,55 | -0,75 | -0,98 | -1,24 | -1,53 | -1,85 | -2,20 | -2,58 | -3,00 | -3,44 | -391 | -4,42 | -495 | -5,52 | -6,11
% 0,02 | 0,08 | 0,17 | 0,31 | 0,48 | 0,69 | 0,94 | 1,23 | 1,55 | 1,91 | 2,32 | 2,76 | 3,24 | 3,75 | 4,31 | 4,90 | 5,53 | 6,21 | 6,91 | 7,66
Y™ -84,66

8 YB‘)“” -0,02 | -0,06 | -0,14 | -0,25 | -0,39 | -0,56 | -0,77 | -1,00 | -1,27 | -1,56 | -1,89 | -2,25 | -2,64 | -3,06 | -3,52 | -4,00 | -4,52 | -5,06 | -5,64 | -6,25
% 0,02 | 0,07 | 0,17 | 0,29 | 0,46 | 0,66 | 0,90 | 1,18 | 1,50 | 1,85 | 2,23 | 2,66 | 3,12 | 3,62 | 4,15 | 4,72 | 5,34 | 598 | 6,66 | 7,38
Y™ -89,50

9 YB‘)“” -0,02 | -0,06 | -0,14 | -0,25 | -0,40 | -0,57 | -0,78 | -1,02 | -1,29 | -1,60 | -1,93 | -2,30 | -2,70 | -3,13 | -3,59 | -4,09 | 4,61 | -5,17 | -5,76 | -6,39
% 0,02 | 0,07 | 0,16 | 0,28 | 0,45 | 0,64 | 0,87 | 1,14 | 1,44 | 1,78 | 2,16 | 2,57 | 3,01 | 3,50 | 4,01 | 4,57 | 5,16 | 5,78 | 6,44 | 7,14
Y™ -94,35

10 YB‘)“” -0,02 | -0,06 | -0,15 | -0,26 | -0,41 | -0,59 | -0,80 | -1,04 | -1,32 | -1,63 | -1,97 | -2,35 | -2,76 | -3,20 | -3,67 | -4,18 | 4,71 | -5,28 | -5,89 | -6,52
% 0,02 | 0,07 | 0,16 | 0,28 | 0,43 | 0,62 | 0,85 | 1,11 | 1,40 | 1,73 | 2,09 | 2,49 | 2,92 | 3,39 | 3,89 | 443 | 5,00 | 5,60 | 6,24 | 6,91
Ych _99’2

11 YB‘)“” -0,02 | -0,07 | -0,15 | -0,27 | -0,42 | -0,60 | -0,82 | -1,07 | -1,35 | -1,66 | -2,01 | -2,40 | -2,81 | -3,26 | -3,75 | -4,26 | 4,81 | -5,39 | -6,01 | -6,66
% 0,02 | 0,07 | 0,15 | 0,27 | 0,42 | 0,60 | 0,82 | 1,07 | 1,36 | 1,68 | 2,03 | 2,42 | 2,84 | 3,29 | 3,78 | 4,30 | 4,85 | 5,44 | 6,06 | 6,71
Y™ -104,05

12 YB‘)“” -0,02 | -0,07 | -0,15 | -0,27 | -0,42 | -0,61 | -0,83 | -1,09 | -1,38 | -1,70 | -2,06 | -2,45 | -2,87 | -3,33 | -3,82 | -4,35 | -4,91 | -5,51 | -6,13 | -6,80
% 0,02 | 0,06 | 0,15 | 0,26 | 0,41 | 0,59 | 0,80 | 1,04 | 1,32 | 1,63 | 1,98 | 2,35 | 2,76 | 3,20 | 3,67 | 4,18 | 4,72 | 5,29 | 5,90 | 6,53
Y™ -108,89

13 YB‘)“” -0,02 | -0,07 | -0,16 | -0,28 | -0,43 | -0,62 | -0,85 | -1,11 | -1,40 | -1,73 | -2,10 | -2,50 | -2,93 | -3,40 | -3,90 | -4,44 | -5,01 | -5,62 | -6,26 | -6,93
% 0,02 | 0,06 | 0,14 | 0,25 | 0,40 | 0,57 | 0,78 | 1,02 | 1,29 | 1,59 | 1,93 | 2,29 | 2,69 | 3,12 | 3,58 | 4,08 | 4,60 | 5,16 | 5,75 | 6,37




eCl

ONeKTOpHHbIN apxuB YITITY

OxkoHyaHue TadII.

1] 2 3 4 [ s 1 6 [ 71 81 9 Jwo ] [ 1213 [14 151617 [ 18] 19 ]2 |21 22
V5" -113,74

14 | y" | -0,02 [ -0,07 [ -0,16 | -0,28 | -0,44 | -0,64 | -0,87 | -1,13 | -1,43 | -1,77 | -2,14 [ -2,54 | -2,99 | -3,46 | -3,98 [ -4,52 | -5,11 | -5,73 [ -6,38 | -7,07
% | 0,02 [0,06]0,14]025]039]056]076] 099 | 1,26 | 1,55 | 1,88 | 2,24 | 2,63 | 3,05 | 3,50 [ 3,98 | 4,49 | 5,03 | 5,61 | 6,22
V5" -118,59

15 | " | -0,02 [ -0,07 [ -0,16 | -0,29 | -0,45 | -0,65 | -0,88 | -1,15 | -1,46 | -1,80 | -2,18 | -2,59 | -3,04 | -3,53 | -4,05 [ -4,61 | -5,21 | -5,84 | -6,50 | -7,21
% | 0,00 [0,06]0,14]024]038]055]074]097 | 1,23 1,52 ] 1,84 2,19 ]2,57 | 2,98 | 3,42 [ 3,89 | 439 [ 492 | 548 | 6,08
V" -123,44

16 | ¥” | -0,02 [ -0,07 [ -0,16 [ -0,29 [ -0,46 | -0,66 | -0,90 | -1,17 | -1,49 | -1,84 | -2,22 | -2,64 | -3,10 | -3,60 | 4,13 [ -4,70 | -5,31 [ -5,95 | -6,63 | -7,34
% | 0,00 [0,06]0,13]024]037]053]073]095] 1,20 1,49 | 1,80 | 2,14 | 2,51 [ 2,91 | 3,35 [ 3,81 | 4,30 | 4,82 | 5,37 | 5,95
V5" -128,29

17 | ™ | -0,02 [ -0,07 [ -0,17 [ -0,30 | -0,47 | -0,67 | -0,92 | -1,20 | -1,51 | -1,87 | -2,26 | -2,69 | -3,16 | -3,66 | -4,21 [ -4,79 | -5,40 | -6,06 | -6,75 | -7,48
% | 0,01 [0,06]0,13]023]036]052]071]093] 1,18 ] 1,46 | 1,76 | 2,10 | 2,46 | 2,86 | 3,28 [ 3,73 | 4,21 | 4,72 | 5,26 | 5,83
V5" -133,13

18 | ¥” | -0,02 [ -0,08 [ -0,17 [ -0,30 | -0,48 | -0,68 | -0,93 | -1,22 | -1,54 | -1,90 | -2,30 [ -2,74 | -3,22 [ -3,73 | -4,28 | -4,87 | -5,50 | -6,17 | -6,87 | -7,62
% | 0,00 [0,06]0,13]023]036]051]070]0091 | 1,16 | 1,43 | 1,73 | 2,06 | 2,42 | 2,80 | 3,22 [ 3,66 | 4,13 | 4,63 | 5,16 | 5,72
V5" -137,98

19 | " | -0,02 [ -0,08 [ -0,17 [ -0,31 [ -0,48 | -0,70 [ -0,95 | -1,24 | -1,57 | -1,94 | -2,34 | -2,79 | -3,28 | -3,80 | -4,36 | -4,96 | -5,60 | -6,28 | -7,00 | -7,75
% | 0,00 [0,06]0,13]023]035]050]0,69]009 | 1,14 | 1,40 | 1,70 | 2,02 | 2,37 | 2,75 | 3,16 | 3,60 | 4,06 | 4,55 | 5,07 | 5,62
V5" -142,83

20 | ¥” [-0,02 | -0,08 [ -0,18 [ -0,32 [ -0,49 [ -0,71 [ -0,97 [ -1,26 | -1,60 | -1,97 | -2,39 | -2,84 | -3,33 | -3,87 | -4,44 | -5,05 | -5,70 [ -6,39 | -7,12 [ -7,89
% | 0,01 [005]0,12]022]034]050]068 088 | 1,12 ] 1,38 | 1,67 | 1,00 | 2,33 | 2,71 | 3,11 [ 3,54 | 3,99 | 4,47 | 499 | 5,52
V5" -147,68

21 [ ¥" [-0,02 | -0,08 [ -0,18 [ -0,32 [ -0,50 [ -0,72 [ -0,98 | -1,28 | -1,62 | -2,01 | -2,43 | -2,89 [ -3,39 | -3,93 | -4,51 [ -5,14 | -5,80 | -6,50 | -7,24 | -8,03
% | 0,01 [005]0,12]022]034]049 066|087 | 1,10 | 1,36 | 1,64 | 1,96 | 2,30 | 2,66 | 3,06 | 3,48 | 3,93 | 4,40 | 4,90 | 5,43
V" -152,52

22 | ¥" [-0,02 | -0,08 [ -0,18 [ -0,33 [ -0,51 [ -0,73 [ -1,00 [ -1,31 [ -1,65 | -2,04 | -2,47 | -2,94 | -3,45 | -4,00 | -4,59 | -5,22 | -5,90 [ -6,61 | -7,37 | -8,16
% | 0,01 [005]0,12]021]033]048]065] 086 | 1,08 ] 1,34 | 1,62 | 1,93 | 2,26 | 2,62 | 3,01 | 3,43 | 3,87 | 433 | 483 | 5,35
V5" -157,37

23 | ¥" [-0,02 | -0,08 [ -0,19 [ -0,33 [ -0,52 [ -0,75 [ -1,02 [ -1,33 | -1,68 | -2,07 | -2,51 | -2,99 | -3,51 | -4,07 | -4,67 [ -5,31 | -6,00 [ -6,72 | -7,49 | -8,30
% | 0,01 [005]0,12]021]033]047]065]0084 | 1,07 | 1,32 ] 1,59 | 1,90 | 2,23 | 2,58 | 2,97 [ 3,38 | 3,81 | 4,27 | 4,76 | 5,27
V" -162,22

24 | v,"" |-0,02 | -0,08 [ -0,19 [ -0,34 [ -0,53 [ -0,76 [ -1,03 [ -1,35 | -1,71 | -2,11 | -2,55 | -3,04 | -3,56 | -4,13 | -4,75 [ -5,40 | -6,10 | -6,83 | -7,61 | -8,44

%

0,01

0,05 10,12 | 0,21 | 0,32 | 0,47 | 0,64 | 0,83 | 1,05 | 1,30 | 1,57 | 1,87 | 2,20 | 2,55 | 2,92 | 3,33 | 3,76 | 4,21 | 4,69 | 5,20




174!

ONeKTOpHHbIN apxuB YITITY

Tabnuua 8
Peakiuu onopsl pH yriie HaKJIOHA PYKOSATH MaHUNYJIATOpa K BepTUKaAIH S = 80°
G, Yo kH , pag/c
kH| ™ ™710,05 [ 0,10 [ 0,15 ] 0,20 [ 0,25 [ 0,30 | 0,35 [ 0,40 [ 0,45 | 0,50 [ 0,55 [ 0,60 | 0,65 [ 0,70 | 0,75 | 0,80 [ 0,85 [ 0,90 [ 0,95 | 1,00
1] 2 3 4 5 6 7 8 9o [ 1o | 11 [ 12 [ 13 | 14 [ 15 [ 16 | 17 | 18 | 19 | 20 [ 21 | 22
V5" -66,40
4 [ v" |-0,02-0,10 [-0,22]-0,38 [-0,60 [ -0,86 [ -1,17 [ -1,53 [ -1,94 [ -2,39 [ -2,89 | -3,44 | -4,04 [ -4,69 [ -5,38 | -6,12 | -6,91 | -7,75 [ -8,63 [ -9,57
% | 0,04 ]0,14 032058090 | 1,30 | 1,77 [ 2,31 [ 2,92 | 3,60 | 4,36 | 5,19 | 6,09 | 7,06 | 811 | 9,22 [ 10,41 | 11,67 | 13,00 | 14,41
5" -71,36
5 | %™ |-0,03]-0,10[-0,23 [-0,41 [ -0,63 [ -0,91 [ -1,24 [ -1,62 | -2,05 | -2,53 [ -3,07 | -3,65 | -4,28 [ -4,97 [ -5,70 | -6,49 | -7,33 [ -8,21 [ -9,15 |-10,14
% | 0,04 ]0,14]032]057 089 | 1,28 | 1,74 [ 2,27 [ 2,88 | 3,55 [ 4,30 [ 5,11 | 6,00 | 6,96 | 7.99 | 9,09 [ 10,26 | 11,51 [ 12,82 | 14,21
Y5 -76,32
6 | ™ |-0,03]-0,11]-0,24 [-0,43]-0,67 [-0,96 | -1,31 [ -1,71 [ -2,17 [ -2,68 [ -3,24 | -3,86 | -4,52 [ -5,25 [ -6,02 | -6,85 | -7,74 | -8,67 | -9,67 [-10,71
% | 0,04 ]0,14 032056088 | 1,26 | 1,72 [ 2,25 | 2,84 | 3,51 [ 424 | 5,05 | 5,93 [ 6,88 | 7,89 | 8,98 [ 10,14 [ 11,37 [ 12,66 | 14,03
V5" -81,29
7 [ %™ [-0,03]-0,11 [-0,25 [ -0,45]-0,71 [-1,02 [ -1,38 | -1,80 [ -2,28 [ -2,82 [ -3,41 | -4,06 | -4,77 [ -5,53 [ -6,35 | -7,22 | -8,15 [ -9,14 [-10,18]-11,28
% 0,03 ][04 031056087 | 1,25 1,70 [ 2,22 | 2,81 | 3,47 [ 420 | 5,00 | 5,86 | 6,80 | 7,81 | 8,88 [ 10,03 [ 11,24 [ 12,52 | 13,88
V5" -86,25
8 | Y™ [-0,03 [-0,12]-0,27 [ -0,47 [ -0,74 | -1,07 | -1,45 [ -1,90 [ -2,40 | -2,96 [ -3,58 | -4,27 | -5,01 [ -5,81 [ -6,67 | -7,58 | -8,56 [ -9,60 [-10,70]-11,85
% | 0,03]0,14 | 031055086 | 1,24 | 1,68 [ 2,20 | 2,78 | 3,44 | 4,16 | 4,95 | 581 [ 6,73 [ 7,73 | 8,79 | 9,93 [ 11,13 [ 12,40 | 13,74
V5" 91,21
9 [ "™ [-0,03]-0,12 [-0,28 [ -0,50 [ -0,78 [ -1,12 [ -1,52 [ -1,99 [ -2,52 [ -3,11 [ -3,76 | -4,47 [ -5,25 [ -6,09 [ -6,99 | -7,95 | -8,97 [-10,06]-11,21]-12,42
% 0,03 ][04 031 054085 1,23 1,67 2118276 | 3,40 [ 4,12 | 490 | 575 | 6,67 | 7,66 | 8,72 | 9,84 [ 11,03 [ 12,29 | 13,62
V5" -96,18
10 | ¥,” | -0,03[-0,13 [-0,29 [ -0,52 | -0,81 [ -1,17 [ -1,59 | -2,08 [ -2,63 [ -3,25 | -3,93 [ -4,68 [ -5,49 | -6,37 [ -7,31 | -8,32 [ -9,39 [-10,52]-11,73]-12,99
% 0,03 ]0,14 030054084 | 1,22 | 1,65 [ 2,16 | 2,74 | 3,38 [ 4,09 | 4,86 | 571 | 6,62 | 7,60 | 8,65 | 9,76 | 10,94 [ 12,19 | 13,51
V5" -101,14
11 [ "™ | -0,03]-0,14 [-0,31 [ -0,54 | -0,85 [ -1,22 [ -1,66 | -2,17 [ -2,75 [ -3,39 | -4,10 [ -4,88 [ -5,73 | -6,65 | -7,63 | -8,68 [ -9,80 [-10,99]-12,24[-13,56
% 0,03 ]0,13]030] 054084 | 1,21 | 1,64 [ 2,15 [ 2,72 | 3,35 [ 4,06 | 4,83 | 567 | 6,57 | 7,54 | 8,58 | 9,69 | 10,86 | 12,10 | 13,41
" -106,10
12 | " | -0,04 [-0,14 [ -0,32 [ -0,57 | -0,88 [ -1,27 [ -1,73 | -2,26 [ -2,86 [ -3,53 | -4,28 [ -5,09 [ -5,97 | -6,93 | -7,95 [ -9,05 [-10,21[-11,45]-12,76]-14,13
% 0,03 ]0,13]030]053]083 | 1,20 | 1,63 [ 2,13 2,70 | 3,33 [ 4,03 | 4,80 | 5,63 | 6,53 | 7,49 | 8,53 | 9,63 [ 10,79 [ 12,02 | 13,32
" -111,07
13 | ¥™ | -0,04 [ -0,15[-0,33 [ -0,59 [ 0,92 | -1,32 [ -1,80 [ -2,35 [ -2,98 | -3,68 | -4,45 [ -5,29 | -6,21 | -7,21 [ -8,27 [ -9,41 [-10,62]-11,91[-13,27[-14,71
% 0,03 ]0,13 030053083 | 1,19 1,62 [212]268 | 331 [ 401 | 477 | 559 | 6,49 | 745 | 847 | 9,57 [ 10,72 [ 11,95 | 13,24




ONeKTOpHHbIN apxuB YITITY

OxkonuaHue TadiI. 8

¢l

2 3 [ 41 5 1 6 1 7 1 8 ] 9 Juwo [ 1t 12131415 ] 16 ] 17 ] 18] 19 ]2 [ 21 ]2
7 -116,03

14 | " 10,04 [ -0,15]-0,34 [-0,61 [ 0,95 [ -1,37 [ -1,87 | -2,44 [ -3,09 [ -3,82 | -4,62 [ -5,50 | -6,45 [ -7,49 [ -8,59 | -9,78 [-11,04]-12,37[-13,79]-15,28
% 10,03]0,13]030]053]082 ] 1,18 1,61 [ 2,11 | 2,67 [3,29 ]398 4,74 [556] 645 | 7,41 | 843 [ 9,51 [10,66 [ 11,88]13,17
7 -121,00

15 | ™ 10,04 [ 0,16 [ -0,36 [ -0,63 [ 0,99 | -1,43 [ -1,94 [ -2,54 [ -3,21 [ -3,96 [ -4,79 [ -5,71 [ -6,70 [ -7,77 | -8,91 [-10,14-11,45]-12,84[-14,30[-15,85
% 10,03]0,137]0,29 0527082 1,18 ] 1,60 2,10 2,65]3,27 [3,96 | 471 [553] 642 [ 7,37 [ 838 [ 946 [10,61]11,82]13,10
7 -125,96

16 | ¥" 0,04 [ 0,16 [ -0,37 [ -0,66 | -1,03 [ -1,48 [ -2,01 [ -2,63 [ -3,32 [ 4,10 | -4,97 [ -5,91 | -6,94 [ -8,04 [ -9,24 [-10,51-11,86]-13,30[-14,82[-16,42
% 10,03]0,13]0,29 0527081 | 1,17 1,60 [ 2,09 | 2,64 [ 3,26 | 3,94 | 4,69 [ 5,51 | 6,39 | 7,33 | 8,34 [ 9,42 [10,56 [ 11,76 [ 13,03
V5" -130,92

17 | ¥™ 10,04 [ 0,17 [ -0,38 [ -0,68 | -1,06 [ -1,53 [ 2,08 | -2,72 [ -3,44 [ -4,25 [ -5,14 [ -6,12 | -7,18 [ -8,32 [ -9,56 [-10,87]-12,27[-13,76 -15,33]-16,99
% 10,03]0,13]0,29 052081 | 1,17 1,59 [ 2,08 2,63]3,24]3,93]467]548]636]7,30] 831 [938[10,51[11,71][12,98
7 -135,89

18 | ¥,™ 0,04 [ 0,18 [ -0,40 [ -0,70 [ -1,10 [ -1,58 [ -2,15 [ -2,81 [ -3,56 | 4,39 [ -5,31 [ -6,32 | -7,42 [ -8,60 | -9,88 [-11,24]-12,69]-14,22]-15,85]-17,56
% 10,03]0,13]0,29 0527081 | 1,16 ] 1,58 [2,07 2623233091 |465]546] 6337278270934 [1047][11,66]12,92
7 -140,85

19 | ™ 10,05 0,18 [ -0,41 [-0,73 [ -1,13 [ -1,63 [ -2,22 [ -2,90 [ -3,67 | 4,53 | -5,48 [ -6,53 | -7,66 | -8,88 [-10,20]-11,60[-13,10[-14,69]-16,36]-18,13
% 10,03 ]0,13]0,29 0,51 ]0,80] 1,16 [ 1,58 [ 2,06 | 2,61 [ 3,22 [ 3,89 | 4,63 | 544 | 6,31 | 7,24 | 8,24 [ 9,30 [ 10,43 [ 11,62]12,87
7 -145,81

20 [ ¥ 0,05 ]-0,19[-0,42 [ 0,75 [ -1,17 [ -1,68 | 2,29 [ -2,99 [ -3,79 | -4,68 [ -5,66 [ -6,73 | -7,90 [ -9,16 [-10,52[-11,97[-13,51[-15,15]-16,88]-18,70
% 10,03]0,13]0,29]051]080] 1,15] 1,57 [2,05] 2,60 [ 321 | 3,88 | 462 [ 542 6,28 | 7,21 [ 8,21 [ 9,27 [10,39 [ 11,58 12,83
7 -150,78

21 [ "™ [ -0,05]-0,19[-0,43 [-0,77 [ -1,20 [ -1,73 [ 2,36 [ -3,08 [ -3,90 | -4,82 [ -5,83 [ -6,94 | -8,14 [ -9,44 [-10,84[-12,33]-13,92]-15,61[-17,39]-19,27
% 10,03]0,13]0,29 051 ]080] 1,15] 1,57 [ 2,05 ] 2,59 [ 3,20 | 3,87 | 4,60 | 540 | 6,26 | 7,19 | 8,18 | 9,24 [10,35 [ 11,54 [ 12,78
V5" -155,74

22 [ ¥ [ -0,05]-0,20-0,45]-0,79 [ -1,24 [ -1,79 | -2,43 [ -3,17 [ 4,02 | -4,96 [ -6,00 [ -7,14 [ -8,38 [ -9,72 [-11,16[-12,70[-14,34]-16,07[-17,91]-19,84
% 10,03]0,137]0,29]0,51]0,80] 1,15] 1,56 [ 2,04 | 2,58 [ 3,19 [ 3,85 | 4,59 [ 538 ] 6,24 [ 7,17 [ 8,15 [ 9,21 [10,32 [ 11,50 | 12,74
7 -160,70

23 [ ¥ ] -0,05]-0,20-0,46 [ -0,82 [ -1,28 [ -1,84 [ -2,50 [ -3,27 [ 4,13 [ -5,10 [ -6,18 [ -7,35 | -8,63 [-10,00[-11,48[-13,07[-14,75]-16,54 | -18,42]-20,41
% 100310137029 ]051]079 ] 1,14 ] 1,56 [2,03]2,57]3,18 ]384 4,57 [537]622]7,15][8,13[9,18 [10,29 ] 11,46 12,70
7 -165,67

24 [ ¥ -0,05]-0,21[-0,47 [ 0,84 [ -1,31 [ -1,89 [ -2,57 [ -3,36 [ -4,25 | -5,25 [ -6,35 [ -7,55 | -8,87 [-10,28[-11,80[-13,43[-15,16[-17,00 [-18,94[-20,99
% 10,03]0,13]0,29]051]079 | 1,14 ]1,55][2,03]257[3,17 ]38 ]4,56]535]621 7,138,111 [9,15[10,26][11,43]12,67




9¢1

ONeKTOpHHbIN apxuB YITITY

Tabnuua 9
Peakiuu onopsl pH yriie HaKJIOHA PYKOSATH MaHUNYJISATOpA K BEpTUKaAIH S = 90°
G, Yo kH , pap/c
kH| ™ ="10,05 [ 0,10 [ 0,15 ] 0,20 [ 0,25 [ 0,30 | 0,35 [ 0,40 [ 0,45 | 0,50 [ 0,55 [ 0,60 | 0,65 [ 0,70 [ 0,75 | 0,80 [ 0,85 [ 0,90 [ 0,95 | 1,00
1] 2 3 4 5 6 7 8 9o [ 1o | 11 [ 12 [ 13 | 14 [ 15 [ 16 | 17 | 18 | 19 | 20 [ 21 | 22
V5" -66,75
4 [ v," ]-0,03]-0,131-0,30[-0,53 [-0,83 [ -1,20 [ -1,63 [ -2,13 [ -2,70 [ -3,33 | -4,03 | -4,80 [ -5,63 [ -6,53 [ -7,50 [ -8,53 | -9,63 [-10,80[-12,03[-13,33
% | 0,05 ]020 045080 | 1,25 | 1,80 | 2,45 [ 3,20 | 4,04 | 4,99 | 6,04 | 7,19 | 8,44 [ 9,79 | 11,23 | 12,78 [ 14,43 [ 16,18 [ 18,03 | 19,97
5" 71,75
5 | %™ |-0,03]-0,14-0,32[-0,57 [ -0,89 | -1,29 [ -1,75 [ -2,29 | -2,90 [ -3,58 [ -4,33 | -5,15 | -6,05 [ -7,02 [ -8,06 | -9,17 [-10,35]-11,61[-12,93[-14,33
% | 0,05 ]020 045080 | 1,25 | 1,80 | 2,45 [ 3,20 | 4,04 | 4,99 | 6,04 | 7,19 | 8,44 [ 9,79 | 11,23 | 12,78 [ 14,43 [ 16,18 [ 18,03 | 19,97
Y5 -76,75
6 | ;" |-0,04-0,15]-0,34 [-0,61 [ -0,96 | -1,38 | -1,88 [ -2,45 [ -3,10 [ -3,83 [ -4,64 | -5,52 [ -6,48 [ -7,51 [ -8,62 [ -9,81 [-11,07]-12,42[-13,83]-15,33
% | 0,05 ]020 045080 | 1,25 | 1,80 | 2,45 [ 3,20 | 4,04 | 4,99 | 6,04 | 7,19 | 8,44 [ 9,79 | 11,23 | 12,78 [ 14,43 [ 16,18 [ 18,02 | 19,97
V5" -81,75
7 | %™ | -0,04 [-0,16 | -0,37 [ -0,65 [ -1,02 | -1,47 | -2,00 [ -2,61 | -3,31 [ -4,08 [ -4,94 | -5,88 | -6,90 [ -8,00 [ -9,18 [-10,45]-11,80]-13,22[-14,73[-16,33
% | 0,05 ]020 045080 | 1,25 | 1,80 | 2,45 [ 3,20 | 4,04 | 4,99 [ 6,04 | 7,19 | 8,44 [ 9,79 | 11,23 | 12,78 [ 14,43 [ 16,18 [ 18,02 | 19,97
V5" -86,75
8 | 5" | -0,04 [-0,17 [-0,39 [ -0,69 [ -1,08 [ -1,56 | -2,12 [ -2,77 [ -3,51 [ 4,33 | -5,24 [ -6,24 [ -7,32 [ -8,49 [ -9,75 [-11,09]-12,52[-14,03[-15,64]-17,32
% | 0,05 ]020 045080 | 1,25 | 1,80 | 2,45 [ 3,20 | 4,04 | 4,99 | 6,04 | 7,19 | 8,44 [ 9,79 | 11,23 | 12,78 [ 14,43 [ 16,18 [ 18,02 | 19,97
V5" -91,75
9 [ "™ [-0,05]-0,18 [ 0,41 [ -0,73 [ -1,15 [ -1,65 | -2,24 | -2,93 [ -3,71 [ 4,58 | -5,54 | -6,60 | -7,74 [ -8,98 [-10,31-11,73]-13,24[-14,84]-16,54]-18,32
% | 0,05 ]020 045080 | 1,25 | 1,80 | 2,45 [ 3,20 | 4,04 | 4,99 [ 6,04 | 7,19 | 8,44 [ 9,79 | 11,23 | 12,78 [ 14,43 [ 16,18 [ 18,02 | 19,97
V5" -96,75
10 | ¥,” | -0,05[-0,19 [-0,43 [-0,77 | -1,21 [ -1,74 [ -2,37 [ -3,09 [ -3,91 [ -4,83 | -5,84 [ -6,96 [ -8,16 | -9,47 [-10,87[-12,37[-13,96 |-15,65[-17,44[-19,32
% | 0,05]020 045080 | 1,25 | 1,80 | 2,45 [ 3,20 | 4,04 | 4,99 | 6,04 | 7,19 | 8,44 [ 9,79 | 11,23 | 12,78 [ 14,43 [ 16,18 [ 18,02 | 19,97
" -101,75
11 | ¥™ | -0,05]-0,20 [ -0,46 [ -0,81 [ -1,27 | -1,83 [ -2,49 [ -3,25 [ -4,11 | -5,08 [ -6,15 [ -7,31 | -8,58 | 9,96 [-11,43[-13,00]-14,68[-16,46 |-18,34[-20,32
% | 0,05 ]020 045080 | 1,25 | 1,80 | 2,45 [ 3,20 | 4,04 | 4,99 | 6,04 | 7,19 | 8,44 [ 9,78 | 11,23 | 12,78 [ 14,43 [ 16,17 [ 18,02 | 19,97
" -106,75
12 | ¥™ | -0,05]-0,21[-0,48 [ -0,85 [ -1,33 [ -1,92 [ -2,61 [ -3,41 [ -4,32 | -5,33 [ -6,45 [ -7,67 | -9,01 [-10,45[-11,99]-13,64]-15,40]-17,27[-19,24[-21,32
% | 0,05]020 045080 | 1,25 | 1,80 | 2,45 [ 3,19 | 4,04 | 4,99 | 6,04 | 7,19 | 8,44 [ 9,78 | 11,23 | 12,78 [ 14,43 [ 16,17 [ 18,02 | 19,97
Ych -11 1,75
13 | "™ | -0,06 | -0,22 [ -0,50 [ -0,89 | -1,39 [ -2,01 [ 2,73 | -3,57 | -4,52 [ -5,58 | -6,75 [ -8,03 [ -9,43 [-10,93[-12,55[-14,28]-16,12[-18,07 [-20,14[-22,31
% | 0,05 ]020 045080 | 1,25 | 1,80 | 2,45 [ 3,19 | 4,04 | 4,99 | 6,04 | 7,19 | 8,44 [ 9,78 | 11,23 | 12,78 [ 14,43 [ 16,17 [ 18,02 | 19,97




ONeKTOpHHbIN apxuB YITITY

OxkonyaHue Tadi. 9

LTl

2 3 [ 4] 5 [ 6 1 7 1 8 ] 9 Juwo [ 1t 12131415 ] 16 ] 17 ] 18] 19 ]2 [ 21 ]2
7 -116,75

14 | v" 10,06 [ 0,23 ]-0,521-0,93 ] -1,46 [ -2,10 [ -2,86 | -3,73 [ -4,72 | -5,83 [ -7,05 [ -8,39 | -9,85 [-11,42[-13,11[-14,92]-16,84[-18,88[-21,04]-23,31
% 10,05]020]045] 080 ] 1,25 ] 1,80 [ 2,45 [ 3,19 | 4,04 [ 499 | 6,04 | 7,19 | 8,44 | 9,78 | 11,23 [ 12,78 [ 14,43 [ 16,17 [ 18,02 19,97
7 -121,75

15 | ¥™ 0,06 [ 0,24 [ -0,55[-0,97 [ -1,52 [ -2,19 [ -2,98 | -3,89 [ -4,92 | -6,08 [ -7,35 [ -8,75 [-10,27[-11,91[-13,67[-15,56[-17,56 [-19,69 [ -21,94 ] -24,31
% 10,05]020]045] 080 ] 1,25 ] 1,80 [ 2,45 [ 3,19 | 4,04 [ 499 | 6,04 | 7,19 | 8,44 | 9,78 [ 11,23 [ 12,78 [ 14,43 [ 16,17 [ 18,02 19,97
7 -126,75

16 | ¥" 0,06 [ 0,25 [-0,57 [ -1,01 | -1,58 [ -2,28 [ -3,10 | -4,05 [ -5,12 [ 6,33 [ -7,66 [ 9,11 [-10,69]-12,40[-14,24-16,20[-18,29]-20,50 [ -22,84 ]-25,31
% 10,05]020]045] 080 ] 1,25 ] 1,80 [ 2,45 [ 3,19 | 4,04 [ 499 | 6,04 | 7,19 | 8,44 | 9,78 [ 11,23 [ 12,78 [ 14,43 [ 16,17 [ 18,02 19,97
Y™ -131,75

17 | ¥™ 10,07 [ 0,26 [ -0,59 [ -1,05 | -1,64 [ -2,37 [ -3,22 [ -4,21 [ -5,33 [ 6,58 | -7,96 [ -9,47 [-11,11[-12,89[-14,80[-16,84-19,01[-21,31[-23,74]-26,31
% 10,05]020]045] 080 ] 1,25 ] 1,80 [ 2,45 [ 3,19 | 4,04 [ 499 | 6,04 | 7,19 | 8,44 | 9,78 | 11,23 [ 12,78 [ 14,43 [ 16,17 [ 18,02 19,97
Y -136,75

18 | ¥™ 10,07 [ 0,27 [-0,61 [-1,09 [ -1,71 [ -2,46 | -3,34 | -4,37 [ -5,53 | 6,83 | -8,26 [ 9,83 [-11,54[-13,38[-15,36[-17,47[-19,73[-22,12 [ -24,64]-27,30
% 10,05]020]045] 080 ] 1,25 ] 1,80 [ 2,45 [ 3,19 | 4,04 [ 499 | 6,04 | 7,19 | 8,44 | 9,78 | 11,23 [ 12,78 [ 14,43 [ 16,17 [ 18,02 19,97
7 -141,75

19 | v™ 10,07 [ 0,28 [ -0,64 [ -1,13 [ -1,77 [ -2,55 [ -3,47 | -4,53 [ -5,73 | -7,08 | -8,56 [-10,19]-11,96]-13,87[-15,92[-18,11]-20,45[-22,93 [-25,54]-28,30
% 10,05]020]045] 080 ] 1,25 ] 1,80 [ 2,45 [ 3,19 | 4,04 [ 499 | 6,04 | 7,19 | 8,44 | 9,78 | 11,23 [ 12,78 [ 14,43 [ 16,17 [ 18,02 19,97
7 -146,75

20 [ ¥ 0,07 [-0,29 [-0,66 [ -1,17 | -1,83 [ -2,64 | -3,59 [ -4,69 [ -5,93 | -7,33 [ -8,86 [-10,55]-12,38]-14,36[-16,48 [-18,75[-21,17[-23,73 [-26,44[-29,30
% 10,05]020]045] 080 ] 1,25 ] 1,80 [ 2,45 [ 3,19 | 4,04 [ 499 | 6,04 | 7,19 | 8,44 | 9,78 | 11,23 [ 12,78 [ 14,43 [ 16,17 [ 18,02 19,97
Y™ -151,75

21 [ v 0,08 ]-0,30[-0,68 [ -1,21 [-1,89 [ -2,73 [ -3,71 [ -4,85 [ -6,14 | -7,57 [ -9,17 [-10,91[-12,80[-14,85[-17,04[-19,39[-21,89 [-24,54 [ -27,34]-30,30
% 10,05]020]045] 080 ] 1,25 ] 1,80 [ 2,45 [ 3,19 | 4,04 [ 499 | 6,04 | 7,19 | 8,44 | 9,78 | 11,23 [ 12,78 [ 14,43 [ 16,17 [ 18,02 19,97
Y -156,75

22 [ v 0,08 ]-031]-0,70 [-1,25]-1,96 [ -2,82 | -3,83 [ -5,01 [ -6,34 | -7,82 [ -9,47 [-11,27[-13,22]-15,34[-17,60 [-20,03 [-22,61 [-25,35 [ -28,25]-31,30
% 10,05 1020045080 ] 1,25 ] 1,80 [ 2,45 [ 3,19 | 4,04 [ 499 | 6,04 | 7,19 | 8,44 | 9,78 | 11,23 [ 12,78 [ 14,43 [ 16,17 [ 18,02 19,97
Y™ -161,75

23 [ "™ [ -0,08]-032]-0,73 [-1,29 [ -2,02 [-2,91 [ -3,96 [ -5,17 [ -6,54 | -8,07 [ -9,77 [-11,63]-13,64]-15,82[-18,17[-20,67 [-23,33[-26,16 [ -29,15]-32,29
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ONEKTOPHHbIN apxuB YIJITY

[lo6payes Anppei Anppeesud poguncs B 1940 r., okoH4un B
1963 r. YpanbCkui NEcoTeXHUHECKMH WMHCTMTYT, AOLEHT,
KaHAMAAT TEXHUYECKHX HayK, npodeccop Kadeapbl TEXHONOTHM
1 060pyA0BaHKUA NECONPOMBILWNEHHOTO NPOU3BOACTBA YpanbC-
KOro TOCYLapCTBEHHOTO NECOTEXHUYECKOTO YHMBEPCWTETA,
LMpEKTOp YpanbCKoro NECcHOro TeXHOMapka. 3acnyKeHHbiH
paboTHKK necHoii npoMbiwnenHoctk P.©. Mmeet Gonee 100 ne-
yaTHblX pabotr B obnact TexHonoruu W 060pyROBaHMA
NeconpOMbILWNEHHOMO NPOU3BOACTBA.

Paesckas Jlapuca TpodumosHa. OkoHuuna Ypansckuid rocy-
[DapCTBEHHBIA YHUBEPCHUTET, N0 CneuuanbHocTH «TeopeTudeckas
(u3amuka» 8 1970 r., AoueHT, KaHAMAAT PU3UKO-MATEMATUHECKMX
HayK, 3aseaylowas Kageppod «TeXHMYECKas MexaHuka M
obopyaoBaHue ULeNNN03HO-ByMaXHbIX NPOMU3BOACTB» B
YpanbCkoM rocyapcTBEHHOM NIECOTEXHMYECKOM YHUBEPCHTETE.
06nacTb Hay4HbIX UHTEPECOB - MATEMATU4ECKOE MOENMPOBa-
HWe NpOLECcoB B MalwWHax W 060pyaoBaHWM necHoro
komnnekca. Wmeer Gonee 100 nybnaukauuit no paHHoMy
Hanpaenexuio.

Lisew Anekcei Bacunbesny popuncsa 8 1985 r.,8 2007 r.okoH4Mn
YpanbCkuit rocyaapCTBEHHbIH NECOTEXHUYECKUH YHUBEPCHTET,
KaHAMAAT TeXHUYECKUX HayK, BELyWMA MHXeHep Kadeapbi
TEXHONOTMM W 0BOPYAOBaHWA NECONPOMbILNEHHOMO MPOM3-
BOACTBA YPanbCKOro rocyAapCTBEHHOTD NECOTEXHUYECKOTD
yHusepcuteta. Umeet bonee 30 nybnukaumis, obbektos uHTen-
nekTyansHoi cobcreeHHocTH U oryetos no HUP 8 obnactu Tex-
HONoruu v 060pyAOBaHKA NECONPOMbILLNEHHOO NPOM3BOACTBA.




	t1
	Монография _Добрачев, Раевская, Швец_ИТОГ
	t2



