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HAHPAXKENHOE COCTOAHUE Y3JI0B KPEIVIEHHA JTHCKOBO1'O
HHCTPYMEHTA B TPEXTPAHHBIX ITPH3IMAX PA/THA/TBHBIX KOPOHOK

CoBepIneHCTBOBAHNE KOHCTPYKITMHA PajHanbHBIX
KOPOHOK TIPOXOAYECKHX KOMOaNHOB M30HPaTeNsHOTO
JIeFCTBHS 1O PE3YNLTATAM KOMITIEKCHBIX MCcle/oBa-
HWH, MpOBeeHHBIX Ha Kadeape TOPHBIX MAITHH H
komriekcoB KysI'TY um. T.D. IN'opbauera, ocymiecT-
BISNOCEH TIEPBOHAYANLHO 110 HATIPARJIEHWIO MCTIONE30-
BaHHs OMKOHHIECKHX M KOHMYECKHX JTHCKOBEIX MHCT-
PYMEHTOR C JIBYXOTIOPHEIMH Y3TaMH KPeTmeHHs pas-
JTHIHOTO KOHCTPYKTHBHOTO wcnonHernd. [Iposenen-
HBle Wccremoparns [1] TO3BOMMIH YCTAHOBUTE OC-
HOBHEIC HAIIPaBJICHILI II0 PEIIESHHIO BOIIPOCOB MPOeK-
THPOBAaHHA, M3TOTOBICHN, HMCIBITAHHA H OIGHKH
PEEIMOB padOTHL pagHalbHEIX KOPOHOK IIPOXOATe-
CKIX KOMOalHOB ¢ IHCKOBEIMH HMHCTPYMEHTaMH B
MHPOKOM CTICKTPE YCIOBHH AKCTITYaTaITHH.

Ha cnemyromux sTamax wccnefoBaHnH OCYITECTR-
JIEHO MOAETHPOBAHNE HATIPSOKEHHOTO COCTOSHHS JBYX-
OTIOPHBIX Y37IOB KPETUIEHWS THCKOBBIX HMHCTPYMEHTOR
PARTMIHON KOHCTPYKITHH NPH Pa3pyIIeHHH CTPYKTYPHO
HeoTHOPOAHOTO 3a00HHOTO MaccHBa TOPHBIX TIOPO ©
TpefieNaMi TTPOYHOCTH Ha OIHOOCHOE CHKATHE Cey =
50+140 Mlla. B peaynsrate 5THX wHechenopanmit [2]
YCTAHOBIIEHO, UTO € TIEPEXOIOM OT ACHMMETPHH K CHM-
METPHH OMKOHMIECKHX JIMCKOBHIX MHCTPYMEHTOR, MPO-
CNEKMBACTCS CHIDKEHME MapaMeTpoB 30H SKBHBAlEHT-
HEIX HATIPSDKEHITE B HOTIOARITKHOMN OCH KpelTIe A

B manpHeilinieM ynamoch BEIBUTE M pa3padoTarh
OIHO M3 NPHOPHTETHBIX HANpPaBICHHII COBEpIISHCT-
BOBAHHMA KOHCTPYKIIMH WCIIONHHTENBHEIX OpTaHoB
TIPOXOOUIeckiX KoMGOaliHOB M30HpaTeNbHOTO IeicT-
BHA [0 HOBOMY TeXHHMecKoMy pelieHiro [3] Cyu-
HOCTEL €T0 COCTOMT B TOM, UTO TNOBLHINEHHe 3ddek-
THBHOCTH TIPOBEAEHHA TOPHBIX BHPAOOTOK OCYINEcT-
BISETCA ITyTeM COBMEIISHHA NPOIIECCOB Pazpy e I
38004, IpobIeHNA HerabapuTOR M IOTPY2KH MPOOyK-
TOB paspyIIeHI N0 Beell IMHpHHE BEIPAOOTKH HCIION-
HUTENEHEIM OpTaHoM IpoxXomdeckoro kombaiina. Cam
HCTIONHHTEIEHEI OpraH COAEPENT CTpely ¢ IBYMA
Pa3pYIIAIONIe-TIOTPY30THEIMH KOPOHKaMI, KHHEMATH-
YECKH CBA3AHHBIMH Mexy co0ol depes pa3gaTouHBI
penykTop. IIpn 5ToM Kopryc Kamoi M3 9THX KOPOHOK
BHIMONHEH B JIBYX BapHaHTax, MHOO B BH/E yCeUeHHOM
KOHIIeCKOH TOBepPXHOCTH, NHOO B BHOE YCEUSHHOH
MHOTOTpaHHOH MHpaMinil. Ha Hapy:KHEIX MOBEpPXHO-
CTAX pa3pyIIAIoNIe-TIOTPY20THEIX KOPOHOK YCTAHOB-
JIEHEl TPEXTPaHHBE IPH3MEL, K KOTOPHIM KOHCONEHO
TIPHKPEIUIEHEl AHCKOBEIE MHCTPYMEHTHL ¢ BO3MOMKHO-
CTHIO TIGPEKPEITHA TPacKTOPIT] IBILKEHHA IPH pPeBep-
CHpOBaHHIH HalpaBIeHIT! BpaIleHILL

PazpatoTka 1aHHOTO TEXHITIECKOTO PelIeHH SBH-
Tock 0a30i1 ANA MPOBeIeHIN HCCIeNoBaHITiL, pesyIbTa-
THI KOTOPBIX MOCIYKIUIH OCHOBOH AN cO3MaHMA TPEX
BapHAaHTOB Y3I0B KpeIleHNA NHCKOREX HHCTPYMEHTOR
B TPEXTPaHHBIX MPI3MAX, MPEACcTaRLICIIIY CMEHHEIS

KOHCTPYKTHMRHBIE MOJYJNH AN PajnanbHEIX paspy-
IMAFOITE-TIOTPY20UHBIX KOPOHOK HCTONTHUTETHHEIX OP-
TAHOB TIPOXOAUECKHMX KOMOAHOB M30HMpaTenbHOTO
JeHcTBI.

Ha puc. 1, 2, 3 npeacraBieHsl TpY BAPHAHTA TEX-
HHYECKHMX PEINEHHH M0 y3/1aM KpeTueHHs THCKOBEIX
WHCTPYMEHTOB [T TPEXTPAHHLIX TIPH3M, FKECTKO 3a-
KPETIeHHBIX Ha HapyKHOH TOBEPXHOCTH PEBEPCHB-
HBIX KOPOHOK TPOXOMUEcKOTo KombaiHa wu3bupa-
TenpHOTO AckictBua. Ha puc. 1, a, 2, a, 3, a — Makcu-
MaIbHO M300pakeHH KOHCTPYKTHBHEIE 3MEMEHTEH
IHCKOBOTO HHCTPYMEHTa B 30HaX pa3zpylleHHd 3a-
OolHOTo MaccHBa Tepel TpPeXTpaHHOH NpimMo u
KpeINeHnA BHYTPH TpeXrpaHHoil npramel. Ha puc. 1,
0, 2, 6, 3, 6 — MAKCHMANLHO PACKPHITH KOHCTPYKTHR-
HEIE ANIEMEHTE TPEXTPAHHEIX TIPH3M, YIacTBYIOINX B
TPaHCTIOPTHPOBAHAN W TIOTPY3KE PazpyIieHAOH Top-
HOM Macchl HA THTATENb TPOXOJUYECKOro KomOaiHa.
Ha puc. 1, B, 2, B, 3, B — mo0paneHsl ocobeHHOCTH
KOHCTPYKTHBHBIX BAPHAHTOB Y3MIOB KPETIIEHHS JHCKO-
BOTO MHCTPYMEHTA BHYTPH TPEXTPAHHEIX TIPH3M TS pea-
T3ATTFH MOHTRKHO-IeMOHTAKHEDX OTIEPATTH.

JlaHAbe TexHWUeCKWe pelieHns pazpaboTaHbl Ha
0a3e TIPOBEJEHHBIX MATEHTHHIX HMcceporanmit [2]. B
KeKIOM 3 TPEX BapHaHTOR, INA (HKCAIIE caMOro
y3Ia KpelmeHHsd ANCKOBOTC HHCTPYMEHTa, HCMONb30-
BaHO cBoDONHOE BHYTPEHHEE IIPOCTPaHCTBO TPEXTpaH-
HEIX TIPH3M, KaK HanOonee 3allMIMeHHOS OT NPAMOTO
ToTafaHisl POAYKTOR pazpyIleHs B TPaHCIIopTHPO-
paHlA. Kpome Toro, 5TH IIPOCTpaHCTBA MOIYT 3allli-
THTE 3MIEMEHTE THAPOPAsBONKH CHCTEMEL OPOINEHHT 1
TEUIETAINESHIDT AT TOJauH IHEUIENOAABIOme K-
KOCTH B 30HH paspylleHHsA 3aboHHOTO MaccHBa H
IpoONeHNs HerabapHTOB ANCKOBHIMH HHCTPYMEHTa-
MH B MEXKOPOHUATOM IIPOCTPAHCTEE HCIIONHHTEIE-
HOTO OpTaHa.

IleperIfi BapHaHT KOHCTPYKTHBHOTO HCIIOTHEHWA
yama KpeTmeHHsI AMCKOBOTO MHeTpyMeHTa (puc. 1) [3]
COIEPKHT TPEXTPAHHYIO TIPIMY 1 ¢ IpaHaMu 2, 3 1 4,
IBe M3 KOTOPEIX 2 M 3 SRILTOTCA MOIPY30UHO-
TPAHCTIOPTHPYIOIMHME ¢ obmumM pefpomM 5. Mexay
cobol rpann 3 1 4 nepecekatoTcs 1o pedpy 7, a rpa-
HE 2 1 4 mo pedpy 6. Tpetea rpaHe 4 ofpamieHa K
3a00l0 U HMeeT CKBO3ZHOE OTBEPCTHE I KOHCONBHO-
TO pasMemeHHs 3a00HHOH 9acTH ocH-larde 8, Ha
KOTOPYIO ¢ BORMOXKHOCTHIO CBOCOIHO BpallleHH II0-
caXeH NHCKOBRIM MHeTpyMeHT 9. C ofemx cTopoH
THCKOBOTO MHCTPYMEHTa 9 yCTaHOBNEHEl AWCTAHITH-
OHHBIE TOpIEBbIe MAaibel 10, BHITOTHMIOMME ¢y HK-
IO YTIOPHBIX TIOAIMHITHHKCB, BOCIIPHHHMAIOIIIK
OCEeBEIE HATPY3KH IIPH pazpyIIeHHH TOPHOTO MaccHBa
Ha 2zaboe Tpoxomueckod BrHpaboTk. KpenewxHas
TacTh OCH-TIAIIpEL 8 pasMellleHa BO BHYTpeHHEM IIpo-
CTpaHCTBE TPEXTPaHHOH MpIEMEL | M KecTKO IIpH-



I'opHBIe ManiMHbL M 00OPYHOBAHHE 23

3

s 2 12

12 14 13

Puc. 3. Tpemuii sapuanm xpenienis OUCKO8020 UHCTIPYMEHMA K MPeXpantoll npume

KpellleHa IUTaHkoi-3amixoM 11 ¥ meperopomke 12
Somrame 13.

At yIponieHHs KOHCTPYKUHI [IePEOIG BApHAHTA
(puc. 1) y3ma KpeIUleHHd M CHIDKEHMd BpeMEHH Ha
MOHTREHO-IEMOHTAKHEIE OIIePallMH ¢ JHCKOBEIM HH-
CTPYMEHTOM B TPEXIPAHHBIX IIPH3MAX, Ha pHe. 2, 3
(3agpka Ha mrarent PO Ne 2013100882) npenmcTapmeHb
BTOPOH M TpeTHH BapHAHTHI TexHITIeCKHX pelreHHiL B
9THX JIBYX KOHCTPYKTHBHBIX BapHAHTAX YBETHUEH
00beM BHYTPEHHEI'O IIPOCTPAHCTEA  TPEXTPAHHELX
TIpH3M, uTo odecTieurRaeT CBOOOIHEIH JOCTYIT H yI00-
¢TBO (DHKCALIH V3ITOB KPETUIEHH TIPH MOHTAKE H JIe-

MoHTaxe. [IpH 5TOM 3a cUeT YBETIMUESHH BHYTPEHHETO
TTPOCTPAHCTRA, VREMHUHBAETCI TIONE3HAS  TOIOMIATb
OOKOBBIX IIOTPY30UHO-TPAHCIIOPTHPYIOIIMX TpanreH ¢
BHEIHeH CTOPOHBI TPEXTPAHHBIX IIPHIM, COZIANOTCA
VCIIOBHA I pasMeInerrd (DOPCYHOK OPOIISHHA H
TePMETHZHPVEOLIFX KPBIILIEK.

Bropott 1 Tperiit BapuanTsI (pHE. 2, 3) KOHCTPYK-
THEHOTO HCIIONHEHHS V3NIOB KPEIUIEHHA THCKOBOTO
HHCTPYMEHTA BKITIOUAIOT B ce0s 37eMeHThL, 0003HA-
YeHHBIE TIOZHIFHMH 1—7, KOTOpEIE BIATEL 32 OCHOBY H3
repeoro RapuaHta (prc. 1). OTIIUHEM BTOPOTO H
TPETBETO BApHaHTA OT IIEPBOTO 3AKITIOUAETCA B TOM,
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20 000 0000
10 000 0000
oD

a 7]

Puc. 4 Pacnpedeteriie HOMpAXyoeHULE € HEPEOM edPUARME V3 KPeIIeHIA DUKOHINE CRO20 OUCROEGO20 UHCTIPYARH-
me (g = 25°+5° = 30° onz venoeuit: a—o,,,, = 70 MIIa; 6 —o,,, = 120 MIq

a a
Puc. 5. Pacnpedeiene HARPANCeHUN 60 6MOPOM edDUIHME V3T KPeHWIeHIA OUKOHIYECKO20 OUCKOE020 UHCTHPYMEHTI
(@ = 20°P+10° = 30°) ona yeroeuit: d — 0, = 70 MIIa; 6 — 0., = 120 MlIa

von Mises (NAW2)
120 000 000,0

H 110 000 000,0
L 100 000 0000
20000 0000
B0 000 0000
70 000 000,0
G0 000 0000
. S0 000 0000
L %0000 0000
30 000 0000

20 000 000 .0
10 000 0000
o0
a 7]

Puc. 6. Pacnpedeienie HONPANCEHUN € MPpembeM GapLUIHINE V3T KpeHIeHIA OUROHUYeCKO20 OUCKOBORO UHCTPVMEH-
ma (p = 15°+15° = 30°) dna yeaoauis: a— 0., = 70 MIla; 6 -0, = 120 0Ia

Puc. 7. PachpedeleHue HANPANCEHU € MPemoeM 6aPUaHME V3IA KPeHIEeHIA KOHUNECK020
OUCKOEOR0 UHCIPYAMECHMA (9 = 30°) &z yeaoeuit: a — 0., = 70 MIa; 6 — 0., = 120 Mila

4TO TpaHb 4 TpexrpaHHoH NpHsMbl 1, obpaimeHHad K 3aKperUIeHHA H pasMelieHH: Landbl-BTYIKH 8, Ha Ko-
3a0010, HMEET CKBO3HOE OTBEPCTHE /I KOHCOMBHOTO — TOPOH ¥ CTaHOBIEHBI JIHCTAHL[HOHHBIE TOPLIEBbIE IHak-
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OH 10 M OMCKOBEIT MHCTPYMEHT 9 ¢ BO2MOMKHOCTEIO
BpamieHnA. [IpH 3ToM TopleBHe MaiGH 10 BHMOTHA-
IOT PONE YIIOPHEIX IIOANIHITHIKOE, 3a(HKCHPOBaHHEX
B OCEBOM HAIPABICHMM BHYTpeHHeH TOpIGBOH IIO-
BEPXHOCTEIO OypTHka ocH 11, KoTopas pasmelleHa
BHYTPH HAN(E-BTYIKH 8 1 CONpTKeHa ¢ Hell ITnHHa-
pITieckol IIOBEPXHOCTHIO CO IMIIOHKOM-(HKCATOPOM
12. Oce 11 (puc. 2) mmeer pe3bbOBOE OTBEPCTHE,
BHYTPH KOTOPOTO PasMENIeH Kpere:kHbld BHHT 13,
3a)MKCHPOBAHHRIH OT TPOBOPOTA Uepe3 CTOTMOPHYRO
mai®y 14. ITpu s3ToM B ock 11 mo#eT OBITE BBHITION-
HEHO KaK TNyXO0e, TAK W CKBO3ZHOE Pe3nO0BOE OTBEp-
ctie. B Tpethem BapmanTe (puc. 3) BO BHYTpeHHee
TIPOCTPAHCTBO TPEXTPaHHOH TPH3MBI | BEICTYMAeT
yuacTok ocH 11 ¢ pessfoil, K KOTOpoH NpUKperiieHa
raiika 13 co ctonopHo#l maiboi 14.

Crenyromym 5TanoM B MCCIEOBAHHIK ARMIOCE
MOJIETHPOBAHAE  PAcTIpe/ieiecHrd  DKBHBAINEHTHBIX
HANPsDKEHAH 1Mo KpuTepmio Mi3eca B ya3max Kperie-
HHS ¢ IHCKOBBEIMH MACTPYMEHTAMA NPH yUeTe Xapak-
TEPHUCTHK PAPYIIAEMOTO MACCHBA Gy — 70 u 120
MIla (puc. 4-7) ¢ MCTIONB30BAHMEM METONA KOHEU-
HEIX 3IeMeHToB [2]. J1d MomennpoBaHHA HCIIONE30-
BaHH OHCKOBHE MHCTPYMEHTH Auamerpom D = 160
MM (TpH GHKOHMYECKHMX C YIJIAMH 330CTPeHHS: @ =
Q1+ = 25°+5° = 30°; 20°+10° = 30°; 15°+15° = 30°
W OJIMH KOHHYecKHit ¢ = 30%).

CremyeT OTMETHTE, YTO TPEHMYITIECTROM BTOPOTO
BapHanTa Tepe/] TIEPBLIM M TPETHAM SBIseTcs Gonee
BHICOKAs TEPMETHIHOCTH y371a KPeTmeHHs] AWCKOBOTO
WHCTPYMEHTA ¥ MAKCHMATHHAS 3aITMTa BHHTOBEIX PE3h-
BOBBIX COGIMHEHHA OT TIOBPEKIEHHH TIPH MPOBEIeHHH
MOHTAKHO-AEMOHTAKHEIX OTICPaTii.

BriBojabI

YCTaHORNEHO, 9TO JIBYXOTIOPHBIE Y3TET KPETUIeHHA
JIMCKOROTO MHCTPYMEHTA HA KOPOHKAX TO3BOTSIOT Gonee
PABHOMEPHO PACTpe/IETHTh 30HET KOHIEHTPATTN HATIPS-
JKEHHH, HO, TI0 CPABHEHHIO ¢ KOHCONLHEIMI, He ofecrie-
UHMBAIOT PEBEPCHBHEIE PEKHMEL PAbOoTH ¢ ApoOIeHHEM H
TIOTpY2KoH paspyIeHHoH TOpHOH MaccEl B IPHOOPTOREIX

30HAX BEIPAGOTKIL

OmnpemeneHo, YTO 3KBHBalIeHTHHIE HATPTKCHHA
o KpHTepHro Mrzeca Bo BeeX HeclIeJOBaHHEIX BapH-
aHTaxX y3/I0B KpeIUIeHI OMKOHHYECKOTO AHCKOBOTO
HMHCTPYMEHTa K TPeXTPaHHBIM MPH3MaM pagialbHBIX
KOPOHOK IIPOXOJUecKMX KomOalHOB cyIIecTBEHHO
HITKe Ipenena TeKyiecTH And ctani 35XT CA.

Brispneno, 4To ¢ MepexoJoM OT acCHMMETPHH K
CHMMETPHH OWKOHHYECKHX JIMCKOBBIX HHCTPYMEHTOR
OJJMHAKOBOTO /IHAMETPA W IWPHHBL CTYITHITE, KOH-
CONBHO TIPUKPETIEHHBIX K TPEXTPAaHHBIM TIPH3MAM,
TPOCNEIKABAETCS CHIKEHNE TIAPAMETPOB 30H DKBHBA-
TEeHTHBIX HATPSKeHWH B HETIOMBIAKHOI Tanhe-BTyIKe
W OCH KpEeTIeHHsL.

IToaTREpAACHO CHIKEHHME TIApaMeTPOB 30H 2K-
BUBANEHTHEIX HANPSKEHWH HA  KPETeKHOH TpaHn
TPEXTPaHHOH NMPU3MbL OOpaIeHHOH K 320010 B TPETh-
eM BapHaHTe y31a KPEIUeHns JINCKOBOTO HHCTPYMEH-
Ta, TI0 CPaBHEHHIO CO BTOPHIM BapHAHTOM, UTO BEI-
3BAHO MEHBITAM KOMHIECTBOM KOHIIGHTPAaTOPOB Ha-
TIPSOKEHAH B TASTHOM COS/THHEHHH.

IIpennmoxeno MCMIONE30BAHNE PE3yNETATOR MOZe-
THPOBAHNS HATIPSLKEHHOTO COCTOSHHA Y3NIOB Kpellle-
HHA ONCKOBOTO HMHCTPYMEHTa Ha KOPOHKaX IIPOXOI-
yeckux KomBaiHOB s paspaboTkn TpeboBaHuN K
KOHCTPYKITMH HCTIONMHUTENLHEIX OPTAHOB C  ABYMS
PEBEPCHBHBIMA  PafiHanbHO-OCEBEIMI KOPOHKAMH B
HATIPABNEHAA OOECTIEUEHHs COBMEITEHHS TPOIECcCoB
paspymenHns, IpobIeHis H TOTPY3KH TOPHOH MAcCH.

Pexomemiopano pacimmpuTh 06TACTE TpHMEHE-
HHSI CTPENOBWAHHX HCTIOMHUTENLHEIX OPTraHoB TIPO-
XOMUecKHx KomOaliHOB wabmuparenbHOro JefcTBrs
Yepes peanmzaIpio pazpaboTok, HANpaBleHHBX Ha
CO3/aHNe Y2TIOB KPETUIEHHS AVCKOBEX WHCTPYMEHTOR
B TPEXTPAHHEIX TPW3MAX, TPEACTARIIONIK CMEHHEIS
KOHCTPYKTHBHEIE MOAYTH JJIs1 PaAMANbHBEIX  pazpy-
MAFOTIE-TIOTPY30YHEIX PEREPCHBHEIX KOPOHOK ¢ o0mer-
YeHHEIMA ~ YCIOBMAMH — TIPOM3BOACTBA  MOHTaYKHO-
OeMOHTaXHEIX Ollepalliiii B mpr3aboiiHOM MpocTpaH-
CTB& TIOA3eMHOH TOpHOIT BEIPaboTKIL
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