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PeKoMeH,D,osaHo .zt0 .llPYKY 8qeuoro paJJ.OIO JlyLU>Koro uan:iouan.1:>Horo 
TeXHi'IHOro yuisepcurezy, nporoKon N!! 5 aizl 24.12.2009 p. 

y .D.RHHH 36ipHHK BKJllO'ICHO CTa:rri 3 ciJTLCLkOrocno.uapc&KOi 
rexuiKH. HaBe.11euo .noc.ni.mlreHHJI ru•nco36npan1>HHX MaillHH, ManJHH i 
npon:ecia 36upaHHll Jll>Off}', BHeceHHJI opraeiIJHHX .llo6pue T3 3HCBO.llHCHIUI 
canpone1uo. Po3rJTHH}'TO i 6araro iHWHX RHTaHl>. 

36ipHHK po3paxoeaHHii: Ha uayKOBUX npauiBHHKiB, 

B HRCTOJllQHH c6opHHK BKJIIO'ICHLJ CTa.Thll no ceJJLCKOX0-

3'1ii:CTBCHHOH TeXHHKC. flpHBe.llCHbl ncc.ne;:i:OBaHHJI 6crrsoy6opo11Hl.IX 

ManJHH, M3WHH ff npoqecooe y6opKH lit.Ha, BHCCeHIDI opraHH'lecKHX 
y.a:.o6peHHR H y.a.aneHHA 8.llMH Hl canponeJlll. PaccMOTpeHJ.1 H MHorne 
.llpym:e eonpocbl. 

C6opttuK pacc•nrrau ua uay'IHldX pa6ontHKoe. 

Pe.ztaKuiAua KOJ1CfiJI: ,!:(.T.H., npo¢i., 3aCJI}')t(CffHA .lliR'I uayKH i 
uxeiKu, aK8,ll. JAY r.A. XaAnic (sinnosin. pe.ll.); .ll.T.H., npolft., aKU. 
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y .!IK 631.00 

© B.I. Iio.11.aK, K.H.T., .llOu. 
Jlyui.KnH HaJ..{iOHaJJbHHH TCXHi'IHHH yHiBepcHTeT 

AEllKI ACnEKTl1 Bl1KOPl1CTAHHll EHEPnl BITPY 

Y cmammi npeOcmQ6JleHi pe.1Yllbmamu aH(lJlby ompu11taHH11 
enexmpoe11.ep<?ii 1a Oon0Mozo10 BimpoBux enexmpu<tHUX cmaHlfiU. 
EHEPrUI, BITEP, BAPTICTL, IlOTIK, IlOTY)ICHICTL. 

IlocTaHOBKa npo6JleMa. EKonori'IHO pooBHHyri iq>aiHH ceiry 
aKTHBHO pOlpo6JVllOTh Ta enpoB8,!J)K)'IOTb aJ1bTepH8THBHi RH.AH O'IJ>HMaHHll 
eHepril. U.e CRpffllHHeHo, 11K MiHiMyM, D.BOMa npH<IHH:aMH. 

Ilepwa: HWlMipHi BHKH.AM napHHKOBHX: raJiB B aTMoc¢iepy 
npH3BO,!l;llTb .11.0 3MiHH KJJiMary Ha 3eMni, WO B CBOIO qepry npH3BO.IJ.HTb .11.0 
npHpD.11.HHX KaTaKJJi3MiB 3 Ill0.11.CbKHMH llCCpTBaMH Til 3Ha'IHHMH 
MarepiaJJbHHMH 36HTKaMH. 

)lpyra: npupo,n;ui. IlOkllaD.H, la AOilOMOr-0!0 llKKX TpaD.HUiiiHO 
OTpHM)'IOTb enepriio (ra:J, Ha¢iT3., ByriHJI11, ypaH). icaTaCTpo<fli<IHO 
3MCHW)'IOTbCJI.. U.iHH tta HHX poCl)'Tb. Heeuna,nKoeo ,!UIJ>CKTHBaMH 
€epOCOI03)' ,n;o 2020 p. 3aruJaHOBaHO 36inblllCHHJI eKcrrnyaTau:il 
siiuloBJIJOBaHHX ,!l)KCpeJJ eHepril 3 HHHiWHix 6,5% ,n;o 200/o. 

A.rle BHKOpHCTaHfOI UKX .D;>tCepen MaE: Pll.ll. acneKrie. 6e1DJJaTHOIO 
enepri11 coHIJ;l, si-rpy, BO.IUI, 6ioMacu e TiJtbKH Ha nepwuH norIDl,ll. 
Bu11BJ1llCTbCJ1. cepe.11.wi co6ieapricTi:. KinoeaT-ro.IJ.HH C-OIDNHOI rcHepauil e 3-
5 pa3iB BHrn;e, HDK Ha aTOMHiA enelCTpOCTa.HUii 

Bnpo6HHll,TBO enepril Ha ei-rpoenx eneKipH<IHHX: CTaHl.(i11x (BEC) 
TellC He£ .11.eweBHM, ane BBlllKllCTbCJI. eaH6ini>UI nepcneKTHBHHM. 

AeaJ1i1 oCT.aHHix .11.ocnizPceHb Ta ny6.rihcauiii. CsiTOBHM ni,n;epoM 
y p03BHTICY BiTpoeHeprenurn £ HiMe'l'IHHa, D,e Ha 2009 piK UO'l)'IKHiCTb 
BEC CTa.HOBHTb 23 900 MBT. no 2030 poKy B fl>PH 6y.ayn. BHBe.11.eHi l 
eKcnnyarauii aTOMHi eJICICTpOCTilHUii, a BHpo6HHQTBO enepru l 
ei.D.HOWllOIW!i>HHX IDKepeJl .11.0CJl.rne 38% BMOBOrO, B TOM}' 'IHCJJi Ha BEC -
17%, a6o 80 M.JIPD. KBT ro.n. 

3a pieneM OCBOCHHJI. eHepril ei-rpy Y1<paiua 3HaxO.ll.HTbC11 ua 2l~My 
Miciti e €eponi. B ttac npau.ioc 7 npoMHCJJOBHX BEC 3aranbHOIO 
noryJKHiCTJO 89 MBT. ~ nopiBHllHWI, s YKpalui .niJOTh 15 aroMHHX 
eHepro6noKiB, KKi 3a6e3!1C'l)'IOTh BHpo6HHUTBO 50% eneKTpoeHepril, a6o 
13850 MBT. 

B KBiTHi 2009 p. B 3anopi3bKiH o6naCTi 6ye ni.nnMCaHMff 
iueecTituiHttuH KompaKT Ha 6y.11.ieHHUTBO 80 ryp6iu BEC, nOT)?KHiCTIO 
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2,5 MBT. 06'€KT Mat: 6yra :maHHii B eKCllJJ)'arnuiJO .a:o KiHUJI 2011 p. 
(Bapricn. 6y,ztiBHHQTBa l BEC cK11a.n;ac 2 MJlH cspo) • Ue npu TOMy, lU,o B 
o6JiacTi c 6 aTOMHHX peaKrOpio (6000 MBT) 3anopi3t.JCoi' AEC, 18 
~pooyp6iH .ll.HinpoBC&KOi rEC (1538 MBT) Ta 7 6JJOKiB 3anopilhKOi

0 

TEC 
(3600 MBT). B cyMi 3anopo3&1Gl o611acn. eupo6.1V1c 6JIHJ&KO 20o/o 
yKpaiHCbJCOi CJienpoeHeprii. 

MeTa .a:oen:i.ivleeHHR. 0,nHHMH 1 Haii6ini.w BaI'OMHX apryMeHTie 
BHKOPHCTallHJI BEC e eKOJJOri'IHHH acneKT Ta BapTiCTL OTpBMaHHll 

enenpoeeeprit. 
Pe1y.111>TaTH JlOCJ1WK:ee1>. Ha ein;Mitty sin; tpa;J;Hu;iiiHHX, eiTpOei 

enenpOCTa.Huii" ue ,llalOTI> WKi.nnHBHX BHKH,ll;iB, ue n0Tpe6yl0Th .!IOpororo 
nanHBll, i'M He ncrrpi6Hi CXOBHil(C eizlnpaui.oBaHoro RaJUIBa. Xo'la BHfIDl,ll; 

100-MeTpOBOi 6awm 3 50 MeTpOBHMH JIODBTJ!MH cepe.a; CTeny, \(ff 6in.11 

no6epe»o101 ecTeTH'IHHM He Ha3BeW. Ha :ifCanL, CCTCTHIGl - ue He £,Ii,HHHH 

HCJl,OJiiK BEC. 
PoJMiWCHWI eirpoeneKTpOCTaHU:ii IDlaH)'£TLCJI B JOHBX, WO 

paxyJOTbC!l era.noHaMH crenoeux natl,!Ulla¢rrie Ta 6ioueuo1iB. Tyr pocryn. 
pocJJHHff, WO 33HeceHi .!lO l.JepBOHOi KHHTit, npoxO,IVITh Mapwpyru 
nocriHHoi" Mirpaui'i nepeniTHHX nTaxiB. 

Bapro 3eepH}'TH yuary i Ha pel)'JJLTaTJt .noc.nimlce1th a11r11iHChK11X 
MCJl,HKiB (3a o6'0IOM BCTaHOBJICHHX D01)'llOIOCreii 8eJJ:HKo6pHTilHiJI Jaii.M8.E: 

5 Micue B €aponi). 3riAHo .!lOCJli.zvKCHL, y JllO.D;Cii, IQO JICHB)'Th no6JJH3Y 
BiTpOBHX 1}'p6iH noripwyetLC• CTaH 3.llopoB'•: BOHH 'la(:riwe crpruKll.aJOTh 

roJJOBHHMH 6cmIMH, .aenpeciRMH Ta 6e3COHHIM. 
(:yrrE:BHMH He,ll;OJliKaMH BHKOpHcntHHI BiTJ>y E: p03CiitHiCTh BiTJ>y B 

npocropi, HenocTiHHiCTL Ta He nporH030BaHicn., llK 3a uanp•MoM, TaK i Ja 

nory;teHiCTIO - Bi.n WTUJJIO AO yparaH)'. TOM)' 6e3 BHB<ICHHJI ,11,HHaMiKll 
noei'IpXHHX ROTOKiB npouroM poicy, 1)'T He o6iHmcL. 

ll.l,e O.!lHH .nyiKe BaJKJIHBHH acnerr BHKopucraHHJI BEC - ue 
Ha.!VIHWOK eHeprii' B BiTpOey noro,ny Ttl Ae$iUHT B nepio.n 6e3 Bi-rpy. To,ni 
CTa6iJJhH)' Ta 6e3nepe6iHH)' no.naqy eJJeICTpOCHeprir B eHeprOCHCTCMY tpe6a 
6y.11;e ni.ntpHM)'BaTH Tpa.!(HUiiiHHMH Il01)'iKHOCTIIMH pe3epBHO'i reHepauii' -
rEC, AEC, a6o TEC. A ue .ll.O.!lRTKOBi BHTJ>8TH, w.o cyrn:oo JJJ:OpoiK)'IOTb 
eHeprilO, BHp06.RCH)' BiTpOBHMH ycraHOBaMH, 6y.niBHHl.fl'llO, peMOHT, Ta 

yrpHMaHHJI JllOIX KOWty£ i Tate He.neweeo. 
Bnpo6HHUTBO BiTpOreHeparopiB eeJJHKoi' DOly)KHOCTi - ue 

Mo11ononiR 5-TH 3apy6bK11ux lfiipM. B YKpa'iei eeMac MawHH06y.nieeux 
:iaeo.11ie, "Ki 6 BHnycKa.nU pe.icy!ITOpH )lJlll BiTpOCJleKtpOCTanuiit, T06TO 
yKpaiHCLKHMH MOiK)'Tb 6yTH rinhKH 6awta Ta nonari, see pellITa 
BHCOKOTCXHOJIOri'llle o6Jla.iutaHHJI -rpe6a npuB03HTH 3-3a Kop.n;ouy. 
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ll.(e O.ZJ:HH <tiaicrop ueo6xi.!luo epaxyeam npH enpoBa.IDKeuni BEC -
ue Ix 3Ha'l.He siJul,aneufUI si.!l cno)l(HB8.'l.iB, a, onKe, Heo6xi,.auicrn 
6y)];iBHHUTBa n1Hiii enenponepe)];a'I. 3Ha'IHOi" )];OB)KHHH. A npu 
rpaHCilOJ)TYBaHHi ua BCJlHKi sin.cTa.Hi 3Ha'l.Hi swrpaTH € HCMHH)''l.HMH. 

BHCHOBOK. Ontce, (~eweBa>> euepri11 BiYpy Ha npaKTHUi He € 

Ta.KOIO )];CWCBOJO. 

Jlirepa'l}'pa 
IlucKoawii B. OxOTa Ha aerep I )l(ypHan <<3ep1eano uc,11;enu)>. -

N!! 29. • 8 aarycra 2009. 

PeqemeHm iJ.m.H., npot/J. B.<1>. J]iiJyx. 

y llK 622.331 

© B.l. 6o)];aK, K.T.H., nou. 
flyLU>KHii Hau.ioHanLHHii Texei'IHHH yuiacpcHTeT 

osrPYHTYBAHHll nAPAMETPIB KOHl4Hol 3ASIPH014ACTMHlll 
WHEKOBOro HACOCY 

Y cmammi npeiJcma6lleHHi pe3yllbmamu iJoclliiblceHb pi:JHux muniB 

1<0Hi<tHUX w6ipHux <tacmuH UJHe1<0BUX MexaHi3Mi6 dtzR Oo6)'6aHHR 
canponeJZi6. 
CADPODEJih, 03EPO, WHEK, KOHfllHA 3A61PHA 'IACTHHA. 

IlocTaHoaic:a npo6J1eMu. Ha TepuTopii 3axi)];Horo IloniccJI 
y Kpai'uu nepeBaJK3JOTh )];epuoao-ni)];30JIHCTi rpyHTH, BHCOKa pO)];JOlfiCn. 
JIKHX MO)Ke 6yru, .QOCllrnyTa 38 paxyHOK BHCCCHHJI opraHilfHHX .no6pHB, 
lanacis RKHX JIBHO He BHCTalf3€. 0.l];HHM 3 J.VKepen UOUOBHCHfUI opraui'IHOi 
cupoauuu a perioui € no6ysattHR canponenis. BHeceHHll canponenesux 
no6pHB HC TiJihKH UOKpaJizy€ CTpYKTYPY rpymy, ane ii 3MeHwy€ nepexin. 
pa.n.iottyKJ1iJ:J.iB 3 !pyITT)' B pOCJUtHy. OcKiJILKH 6iJI1.wiCTh paiiouis, .11e 
3H3XO)];lllbCJI IlOKJla.rlH canponeniB, 333HanH pa.n.ioaKTHBHOfO 3a6pynuenWI 
BHaCJiin.OK lfOpH06HJJbCLKOi asapii, .no6ysanW1 )];OHHHX Bi.zJ.KJJa.D.iB )];03BOJlll£ 
BHpiWHTH ruaya.n1.uy npo6JieM)'. 0'1.HWCHHH o3ep Bi.a. )tOHHHX Bi.!lKJia.aiB 
cnpull€ Bi.n.HOBJICHHIO BO)];HOro, xiMi<n1oro Ta 6io.nori'IHOro pe)KHMiB, 
OOKpalQCHHJI TeMneparypuoro ra f830BOfO pClKHMiB 3860JIO'l.CHHX BO.noiiM. 

AuaJlil OCT8HHiX .IJ.OCJli.i:UKeH• i nyfiniKauiii. 01fHWeHHR 03ep 
sin canponenis Ha .nauuii lfac nposo.n.HThCJI ri.upoMexaui3osannMH Ta 
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rpeiiif>epHHM cnoco6aMH [2]. AJie npa ri.n:poMexaui3osaaoMy cnoco6i 
.l(o6yscuuu1 si,iura:tryen.cJI BCJIHK8 Klllt.KiCTh BO.D.H 3 30HH JJ.o6YBaHHll T3 

OTpHMYKlTt.CJI canponeJJi 3 BHCOKOIO sonoriCTJO. npu rpeiilflepHOMY 

cnoco6i .11;06yo1unu: £ BHCOKa ccyniHh 3aMYJJCHHS 80.llOHMH Ta BCJIHK8 

11:i.n1.Ki.CTh nepeeano'IHHX onepau:iH. 
BHIQCncpeni'ICHHX ee.noniKiB HCM8€ y WHCKOBOro cnoco6y 

4o6ysanHJ1 canponCJiis. 
Mera ,a:oCJii,m,Keeea. Ili.ZJ;suuteHHJI elfleKTHBHOCTi .n.06yeaue11 

canponenis 33 paxyaoK cnopeHHll pauioHaJli.aux cpopM i sH6opy napa
MeTpie 3a6ipHHX '18CTHH WHCKOBHX MCXaHi3MiB J],JIJ( niaBHlUCHHJI 

etl>eKTHeHOCTi .no6yeaHHll canponenis. 
PelyJJ•TITH JIOCJJill;MeHHB. Mu JanponoeysaJIH MCTOJJ: 

po1paxyuKy nponecy .no6ysaeHll canponenis Mexaui1MaMH weeKosoro 
THny 3 KOHi<IHOIO 1a6ipHOIO '13CTHHOIO, Blf3Ha'ICHO ix OCHOBHi napaMe-rpH, 
eeo6xi;J;euii KpyrHHii MOMCHT ua eany WHCKa, Doro npo.Q}'imtBHiCT!. Ta 

3a.1'p3'1)'BaHY DOlY'fl:Hicn. ua 'I'paHCDOJYfYIWHIR Jlo6yroro canponeJito. B 
Pe3YJibTaTi BHKOpHCTa.HH.11 CHCTeMHOro n~xo.n:y po3p06Jieua 
6ararosapiauma C'IpyKTYJ>3 cxeM 3a6ipHHX <18CTHH WHeKOBHX Mexatti3MiB, 
i!Ki .ll:03Bomuon. ni.aBHw;ysaTH e4>eKTHsuicn. po6om npu Jlo6yeauui 
canponc.niB. 

EKOJIOri'lffi nepesaru ,n:o6y&allHJI la JlODOMOrolO WHCKOBHX 
uacociB CBizt'laTL npo aeo6xiztuicn. Il0Jl8JILWHX po3po6oK UHX MexaHi3MiB, 
oco6JIHBO ix 386ipHHX 'iaCTHH. 

,U.ni! CHHTC:JY pau.ioHa.JibHHX tl><>PM 386ipuoi· '18CTHHH 6yJIO 
npoae.n:eHO aHani3 ii MOlKJIHBHX KOHCtpYKUiii. 

B PC3}'JibTa.Ti npoBe,IJ,CHHX CKcnepnMeHria 3P06neuo BHCHOBOK, WO 
o6'CM .n:eMrui>ePHoi 30HH v iJ 386ipuoi <fllCTIIHH DOBHHCH 6yru B MCJKaX: 

a) Vo<0,2V~, npu KyrOBIH WBHJJ.KOCTi o6epnunu: rBnHTa 
(()<I I c·• (V .. - JafaJil.JIHii o6'eM KOH)'ca 386ipHoi <18CTHHH); 

11 c·1• 
6) 0;1.V ,.<V,,<fJ,8V"' npH eyrosiH WBHJlKOCTi o6epraHHil noorra (() > 

IlpH DpOBC,llCHHi .n:ocniJliB OtpHMaui 38JlellCHOcri npo,eyKTIIBHOCTi 
uacocy 3 pi3HHMH THDaMH rBHHriB B 386ipaiii '18cnt.Hi Bia. 'lllCTO'm 

o6epr8HH.ll WHCK8 (puc.). 

3 rpa4JiKiB BHJ(HO, WO npu '18CToti o6epTaHIDI .o.o 11 c·1 cnia. 
38.CTOCOBYBaTH B 386ipuiii <18CTHHi uacocy rBHHTH j3 3pi38HHMH KOHj'caMH 
a6o UHJliH,11,pH'IHi. Ilpu BHKOpHCTilHHi BHCOK006opontnx rBHHTi.B 3 
'lacroTOIO o6epTIHUUI n > 11 c·1 Ta THCKOM p > 80 Kl'IM2 KplllQHMH 
DOK83HHK8MH xaparrrepltlylOTbCil rBHHTH, HKi MllJOTh B 3a6ipaiii 'laCTHHi 
it>opMy KOH}'ca. 0'1CBHD.HO, LUO npu po6ori Ha BHCOKHX o6eprax rBHHTH 3j 
:3pi33HHMH KOH)'C8MH '18CTKOBO Bin:6HBaJOTb canponeJieoy Macy npH 
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HCBeJIHKHX lH8'1CHHllX niADopy rpyKJY. ll,eH npouec ein6yBaIThCJI '1Cpe3 

MaJJHii o6'(M .!lCMIUjlepuoi" JOHH. fBHHTH l OOBHHMH KOH)'C3MH, llK npu 

HHlhKHX, True i npu BHCOKHX o6ep-rax, Maion. BJiacTHBOCTi caepllJla, nnaeHO 

:iaxoruno!OTL canponeneey Macy Ta TPaHcnopty!OTI> i"i .110 l{HJliHJJ.pH'IHlfX 
'13CTIIH Hacocie. 

Q, K?/C 

(1 

qg 
' 
• .. 

'/! 

~ 
) 

I 

1, ' 
/ -. . '2 

!) 
I 

' 
6 'f1 17 nc-' 

• 
Puc. Bnnue c)iopMH Ja6ipHoi qacrnuu Ha npO.ztYKTHBHicn. wHeKoBOro 

Hacocy: I - DOBHHii KOH)'C; 2 - QltJliH,!J,p; 3 - 3pi3aHHfi KOlfYC 

BHCHOBICH. .lloc11iJvlceHHJI xapaKTepHCTHK pilHHX THniB 
KOHCTJ'YKTHBHHX napaMetpiB :m6ipHHX '18CUIH WHCKOBHX MexaHi3MiB AWJH 

MO)l(J'(HBicn. peKOMCHJI)'BaTH pau.ioHaJihHY KOHCTpYKUiIO 3a6ipttoi' '18.CTHHH 

WHeKOBOro MexaHi3M)' ,!VIJl. ll06yeaHHll canponeJUO. 

Jli-repaT}'pa 
l.XafuJic f.A., JiOllaR BJ. Attani3 po6oTH WHCKOBHX npucrpole 

npu .!lo6ysaatti canponenie // 36. ttayK. crattii «Cini.ci.1eorocno.napcE.1d 
MatllHHH». BO IAY. - JlyUDK, 1995. - c. 258-271. 

2. bo,!UUC B.I. ,l:{o6yBaHHll npupo.nHHX ,11;o6pus Ha BoJIHHi I 3eMJlll i 
JIKl,!l;H YKpa"iHH. - 1992. - N~ 5. - C. 27. 

Pe14eH:JeHm O.m.H., npot/J. B. <P. 4ii)yx. 
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Y)IK 631.521 

<C B.J.BacwnoK 
Bn HY6iil YxpaiHH ,,HiikHHCLKHH arporexffi11uuii iucnnyr" 

nP1tCTPIM AJlH AOCnIAJKEHHH onoPY nmo1J.1EHHIO 
BOPOXY nbOHY 

flpeikmOB.JJeuo npucmpiii 0JlJl 8U3Htl'leHHR onopy n.tlfOIJ!eHHIO 

60poxy JlbOHY ma noiJOHa Uozo xapa1tmepucm11Ka. 
AilAPAT, OBMOJIOT, KOPOIJOqKH JILOHY, IlJllOIQEHIDI, 
CfHCK, BOPOX. 

lloaaeoeu npo6J1eMH. ICH)'IO'li TepKOei anapaTH, w;o 
BHKOpHCTOByK>ThCJI AID! 06Monooy Kopo6o'IOK JibOuy MO)kffa eiD.HecTH ,!10 

,IIBOX rpyn: eam.u:eei TepKOBi anapaTH, 6apa6aHHi TepKOBi anap!lTll, 
PyiiH}'BmUOI HaciHHeBHX KOpo60'IOK y TepKOBHX anapaTaX JlOCm"acn.cJI 33 

paxyuoK ·ix runomeeHJI Ta po3THpaHH.1t [2]. 
TepKoei anapaTH lHaHnmu npHMineutu1 e JJLOHOMOJJOTap1eax Ta e 

BOpoxoo6po6moBaJIWIHX MawHHax. 
AauiJ OCTAHHix .11.0CJlimlceaJ. i ny6.llitraWii. Pe3yJ1r.TaTH 

JlOCJli;:vKeer. npou:ecy neperapaaH.11 eopoxy Ta BH3H8'1CHHll ,a:etf>opMmtii 
CTIICKy uaciHH£BHX KOpo6o'IOK Jlwuy BHCBi'rJieui y npal..IJIX Xaiirrica r.A, 
€pyriHa A.<I>, Cu: B.A. [l,3,4]. Ha ocuoei IUIX piwem. 6yne OTpHMaHi 
ei.luloei.luli KOHCTpyKTHBHi piWeHHJI WOJlO KOMOOffYB8.HHJI 88.Jll>UCBHX 

TeplCOBHX anapariB. 

Mtta po6oTH nonara£ y po3po6U.i npHCTpolO .IVUI .nocni~eHHJI 
onopy IJJIJOW:eHfUO B Pe3YJJbT3Ti ,2{1] CHJIH CllfCKaHHJI sopoxy JJLOffY. 

Pe3YJJbTaTH .nocJ1i,ivtceaat1. Bmaa<teHHJI onopy nn10w:eee10 

BOpoxy 3 HaciHHCBHMH KOpo60'1KaMH 6yno DpOBC.JJ.CHO 3a .nonOMOroJO 

poopo6neeoro HaMH npHCTpOIO (pee. I), w:o MiCTHn. LUVliHAp I 3 .IUIHW.CM 
2, KpHWJCY 3 3 OTBOpoM, <tepe3 llKHii npoxo.nHTu urrotc 4 3 nopwHeM 5 ea. 
HIDIOlbOM)' Kiuui WTOICa. Onopea nnaCTHna 6 .I1JV1 BallTIPIC)' npuiq>iOJJeHa ea 
eepXHLOM)' tclllui wrotca, nnacTuea - tpKMa'I 7 Jri.uiiiKH i Mipua niuiihra 8 
npexpinneei .no UHlliH.llpa. ,ll.o nnaCTHHH 6 3HH3Y lKOJ>CTKO npurcpinneueii 
DOICIDl(lfHK 9 OOJIOllreHHJI DOpWHJl, I.LIO npe.nCTaB.rul.£ co6o10 crpiJlicy, llK8 

38BJVIKU lKOJ>CTKOM)' 31£,llHaHHIO 3 DJl8CTHHOIO Til WTOICOM nepeMiIUY£TbCll 

pa30M 3 HlfM i nowyE: UIJUIX neper.ciw:eHH$1 lllTOJCa p330M J nopweeM. 

JlHuw.e U,HniH.llpa 2 i KpHlUIGl 3 MiC'TIITh HCBCJJHICi OTBOpH (BOHH ea 
cxeMi ue noK83aui.) .!lIDI Toro, w:o6 3afie3ne'IHTH t)iHbTpauito nosi-rpa npn 
iioro CTHCK3.HHi p830M 3 BOpoXOM Wlll 3ano6iraHHll BDJIHBY cmceyroro 

noBiTpll ea CHJIY onopy Bopoxy DJllOUlCHHK>. 60KOBa '18CTHH3 UHJJitt,npa 1 
Micnrn. e Joei pyxy nopWHll OrAA.!1.oBe aiKHO J I 3 opratti'lttoro cKJia, <tepe3 

8 
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J1Ke MO}l(Ha cnOCTepiraTH 3a nepeMim:eHHRM nopwlUI i npouecoM 
OJIIOUICHH.ll Kopo6o'IOK. 4>oro npuc-rpOIO nOK33atte Ha pnc. 2. 

1/) 

6 

' 
J 

5 

I 

9 

8 

2 7 
Puc. 1. CxeMa npHCTpOIO .nrui ){OCJii;vKeHIUI runomeelUI eopoxy 3 

Kopo6o•nalMH JibOH)': I - LUUliH.lq>; 2 - AHHW:e; 3 - KpHWKa; 
4 - wroK; 5 - nopwettb; 6 - onopua nnacn1aa; 7 - lpHMa'I 
JiittiHKH; 8 - nittiHKa; 9 - DOK3lK'IHK DOJIO'lkCHHJI nopwH.!1; I 0 -
BaHTillK; 11 - orJWJ.OBe BiKHO 

CH.II}' CTHCK)' (runOlU,CHllJl) sopoxy B ,!1;3.HOMY npHCTpOIO yreopl0€ 

IllTOK 3 nopwHeM, rnacnma .nrui BaHTOOK)' i BaHTa)ki 10 (rupi), wo 
3HaxO,IUIThCJI Ha HiA, a UlllllX pyxy nopwlUI BHU3 .11opiBHIO€ WJlJIXY 
nepeMiWCHHJI UOKIDK<IHKa no JiiHiiiu;i. fioqaTICOBe (eepxee) UOJJQ)ICCHH.11 
nopWHll nepe.!l no11au:oM ruuoweHWI eopoxy 3eaxo.n;HThCJI 3 .n;onoMoroio 
DOKIDK'IHKa 9 B TaKOM}' Horo IlOJIOlkCHHi, KOJIH Ha nnacmui 6 HCMa£ 

B8KTIDK}', a eary n.JI3CTIIHH WTOKa yrpHMY€ CBOCIO PYKOIO 

eKcnepHMCIITaTOp nicrui 3a83HTIDKCHHJI UHniH.llpa BOpOXOM, iforo 

eupiBHKlB3HHJl Ta BCTIUIOBJieHWI nopWHlt Ha.IJ; BOpDXOM. 

9 
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" 

" 

Puc. 2. <l>oTO npHC'IJ>OIO 

Po6oTa 3 npttCTJXlOI npoBO.IUIThCJI H8C'l)'llHHM "IHHOM. Ilepe;:i; 
3aKJI8,!UCOIO B lUVIhUlP DpHC'rpOIO BOpOX nepeMiwyBaBCR .IVIJI .D;OCHnlCHHJI 

6inbwol" piBHOMipeocri po3MiWCHHJI itoro Ckn8AOBHX <facTHH, noTi.M BOpox 
BKJlaJlaBCJI. B unn:iH,11,p Ha BHCO'I)' 6irul 213 BHCOTH UJVJitmpa. Ilicrui ItLOro Ha 

sopox CTBOplOBaB THCK nopweHb 5 (pnc. I.), DpH£,l[HaHHi:t .no HIDKHhOfO 
Kiawi: WTOxa 4, aepxeiii KiHeIU> 11xoro 3B 'll33HHH 3 nnaCTHHOIO 6. Kpuwn 3 
pi3i.6oBOIO 'lacTHHOIO 3'CJJ,H)'CTbCJI 3 sepxHhOJO pilb6oBOIO '13CTIIHOIO 

QHJJiHJ1pa I. HIDKHiit Kieeu.i. WTOKa 4 3alq)iDJICHHii B U,CH'l]>aJJhHOMY OTBOpi 

nopwfVI 5, i 6e1 H3,1UlBJJIOBaHHJI Ha HbOro B TaKOM}' OOJIO:lKCHHi nopWHH, 

WTOka i J:PHWKH ua6JIHlKanH OOK8lK'IHIC 9 J],0 Mipeoi JiiHiiiirn 8. 
EKcnepuMeHTaTop npu IU>OM)' npwrpHM)'BaB ceoao pyKOJO Bary nnacntHH 
(DJIOllUUUCH) i WTOK8. IloJIOllCCHHJI KiHqii: CYpirrKH DOKmK'IHKa 9 ua niuiiiui 

8 npu TI\KOMY }"l'pHMaHHi Bal'H nnowa,zurn i wroica eKcnepHMCHTaTOpoM 

if>iKCYBa.llOCR i 33.DHCyBa.llOCJI - 3a3H8'1CHC OOJIOiKCHIUI eillnoeillano 

DO'l8TKOBOM}' DOJIO)l(CHHIO nopwHJI npH CTHCKaHHi BOpoxy. BairrruKi. IO Ha 
RJiacmHi (nno1.ua,1.1;c~i) 6 npu ll&OM)' 6ynH si.D:cynri .. 

flic1u1 TOrO, JIK 6yno Bi.D:Mi'leHO RO'laTKOBe IlOilO:lKeHID! Kil11 .. v1 
ctpinKH ROKalK'llU<a Ha J1iHiii1.1i, eKcnepHMeHTarop ai.D:nycKaB WTOK 3 

nnacmuoJO (nJ1ow;11,11;Ko10) i i"x sara snnuaana Ha nopweu1>, JtKuit 

IO 
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Ha,ll;!UlJllOBaB ua sopox, npu UbOMY C'Ipirllra ROKfilK'IHIGl 9 p330M 3 lUTOKOM i 
nopwHeM i i"i HOBe ROJIO)KCHHJI npu W.OMY Ta.KO)!{ $iKCyBaJIOCb 
(3anucysanocJ1 B )l()'pHani). TaKHM "l.HHOM npoBOJVIThCJI !lOCJli,11;1-:1 ua UhOMy 
npunani. 

BHCHOBOK. ITpe.!ICTaBJJCHHH IlpHcrpiit DJlR .!IOCJJi):oKCHHll onopy 
runOIUCHHll Bopoxy JlhOffY. 

Jlirepatypa 
I. Epyrnu A.11>., Me.!IBC.!IEB IO.A. HcCJie.11oeauue npouecca 

neperupaHHll eopoxa. HHTeHCH<flHK3UHJI M3WHHHLJX TCXHOJJOnrii: 
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1985. - 232 c. (C. 212-218). 
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4. Xafu!ic r.A., <l>e.llopych 10.B. MexattiIGl pOCJIHHHHX Matepianie. 
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Pei,eHJeHm O.m.H., npo¢. r.A. XaWlic.10 

Y!ll< 631.3.072 
© B.B. BoHuoeu<i; M.B. YceuKO, K.T.H. 
JlyUbKHi'i HauioHaJibHHii TCXHi'IHHH yHiBepcHTCT 

Bl13HA'IEHHff 3Mlu.\EHHff P03CA,llOCA,1111flbHOro 
ArPErATY flPl1 P060TI HA CX11nAX 3 PIBHllM 

MIKPOPEnbE:Cl>OM 

floOaHo nepe6CUU po3caOoca0WtoHOi' MQUIUHU 3 MexaHiJ.MO.M 

6oK06020 nepeMi1JfeHHR cadUJt&Hux ceKqiU. Bu3Ha'le110 3Q.JleJ1CHicm& 
eeJ1u<1uHu nonepe<1N020 JMilJfeHHR cadUJtoNOto cupezamy 3a 'IOCO.M Ha 

CXUJlax 3 pi8HUM MiKpOpe.n&ctfw.M. 

P03CA,llOCA,llUJILHA MAIUUHA, CEKIUJ!, CXUJI, 3MIIllEHH>I. 
Docn1uoaKa npo6.neMH. BIDKJIHBOKI onepau;ie10 'l aHpo111ysattHJ1 

p03Ca,11HHX IcyJILTYP E ca.u.iHHJI p03CaJlH. 3acrocyeattHJI CTWfll3pTHHX 

II 
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BCJJHKOra6apHTHUX C8,!J;HJlhHHX MalllHH Ha CXHJlax (.110 12°) DOB'Jl38HO 3 

TPY.llHOW.aMn: MawHHH cnoe33JO'J1>, He .llOTpHMYIOTbCJI 38Jl8Horo KYJ>COBOTO 
Hanpl'IMK)'. 38B,ll)IKH U:bOMY CT3£ HeMO)KJJHBHM O.llepJK3ffffj( llKiCHHX 

DOK83HHrciB 8HKOH8HHJI .ZUlHOi" onepauii. 
Cnia. 383Ha'llITH, w.o 3apa3 CT3£ aK'l)'anE.HHM JacTOCYBaHHJ1 Ma.n:oi 

MexaHi3auii, OCKiJlbKH oco6ucTi ceJIJIHCbKi rocno.11,apcTBa B PC3YJJbTilTi 
U8JOB8HIDJ Ci.m.cbKOrocno,IUlpcbKHX yri,i:u. KOJIHlllHiX KOJJerrHBHHX 

ciJILCbKOrOCD0,1'apchKHX ni.zmpUE:MCTB OTpHMMH B ttarypi BHJl.inCHi 

leMCJii.Hi .a;irui:HKH pilHHX $opM s pheoM}' Micui poJTawyBaHHR. TamM 
'IHHOM, CTBOpeHH.11 arperaiy ,!(JUI ca,niHHJI po3CaJtH, SKHA DOJICrwHTI> 

pot5ory O.D;HOOCi6HHKiB, ,!q)i6HHX $epMepis, npauiBHHKiB KpYDHO-TOBapHHX 

nizmpH£MCTB i nizl;BHlllHTD JIKiCTb npoee.11,CHHJI JJ.aHoi' onepauii' JIK Ha piBHHHi 
T8K i Ha CXHJlax £ <llC1y8JlbHHM i Balk/IHBHM. HaMH 3aDpODOHOB8Ha 

p03C8,Zl;OC8,IJ,HJlhH3 Mawnea HOBOi KOHCTpyKUii .nM po60TH H8 CXHJiax. 

Atta.1111 ocraaaix .llOcni;:ulreHb i ny6n:ilcaulii. ICHyfOlfi 
JX>3CBAOCa,1urni.Hi. M8IllHHH CKH-6A, PIIM-9, "liJiac", CPH4A, CYTI-4A, 
PCM-4, "~OH Jl.ip", CP-6, IlP-l, Pil4, CPHM4 [9) Ta iewi [6) 
npH3Ha<1eHi ,llJJJI e$eKTHBHOi po6ont: 3 <fiTKHM .D.OTpHMaHHllM TeXHOJiorii 
BHKJllO<fHO Ha piBHHHH. IlpH po6ori ua CXHrnlX CDOCTepiralOTJ.Cll HeraTHBHi 
JIBHUUl, npo JIKi 6yoo CKa38110 BHw;e. l.ij llBHUUl e uenpunyCTHMHM npu 
laC'JOC)'BaHHi KOMRJICKCHOi M.exatri3au.ii' npu .o;OrJlJUl,i Til 36HpaHHi ypDJIC810. 

~ ycyHeeua: u;ux eeraruaHHX 4>aicropia .!Wfi MaWHKH o6JI8JIHyIOn. 

CTa6iJJi3)'lO<IHMH npHCTpOJIMH, ll{O Dpll380.QHTJ. 11..0 yckJla,!l.llCHHll ix 

KOHCTpyKuii i ,IJ;O nopyweHHll crpyKTypH fpYHTY <fepe3 HaJIMipeHii 

KOHTalCTOM 3 HHM ,11.auux DpHC'rpoiB. 
B nnomuui npo6neMH, •Ka ni.nuiMa£TI.Cll uaMH B ,D;aeiii i 

noncpe,11.eix po6crrax [l, 2} uaii6i.ni.w nepcneKTHBHHM € BJU<OpHCTaHHJI 
arpenny Moro6JJOK 3 MaJIOra6apHTHOIO po3C8J(OC8JIHJlJ.HOIO MaIUHHOIO 3 

Ca;JHJJbHHM anaparoM ,IJ;HCKOBOro mny, llKHii o6na.u.uauuU Mexaui3MOM ,!VJJt 

nepecYMffHll CaJJ.HJJbHHX ceKitiii [3, 4]. 
Me-ra .11.0CJdwlceuaa. 3anponoHoBaHa MeI0,11.HICa BH3Ha'ieHHJI 

38JIC)l(Hocri i 3MitnCHHll Ja qacoM po3Call..oca.mrni.uoro arpenny, mo 

npau:JO£ ua nonepe<IHOMy Bi.nHOCHO uanp.!IMky pyxy CXHJl3X 3 piBHHM 
MiKpOpe1n.c4>0M. 

PelyJlbTa'TH JlOCJJWlceHHSI. nm qac pyxy arperaty ua 

nonepe11HHX ei;ulocuo uanp11Mxy pyxy cxHJiax ai;J,6yeaCTbCJI Moro 
3MiUJ;CHHJI BHH3 00 CXHJJy. 

B nplll(JIX {5, 8, 9] BHCBiTJJeHi rurraHHll po6ont MaWHH ua CXHJlax • 

a.ne HC epaxoBaHi, H3DpHkJl8,!J,, pi3HOMaHiTHi TllRH rpyHrie i 3aJIC)l(ffffii Bin 

HHX 4>aicrop 60KOBOf0 yoo,ny npu auaJiili 3MiWCHHJI arperal)' 33 qaCOM. 
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Po3rMHeMo itK 6y.n.e ei.a6ysaTHCb 3Mim:eHHll arperary npn Horo 
po6oTi (pyci) B nonepe'IHOMY HailpltMKY CXHJIY KORH MiKpopeJIL£4> IIOXHJIOi' 
nosepxHi (cxHJJ) ( BinHOCHO piBHHM. 

Ha arperaT, w:o pyxaeTbCJI no cxuny 1Cpyricno a, .rtiJOT& cu.nu: earn 
mg, HOpManLHa N, TepTII F (puc. I). 3MiruettWI arperary a ttanpSMk)' oci x 
(BHH3 no cxu.ny) BHpallCaITbCJI H3CJYUHHM .ztH$epeHUiaJILHUM piBEUIHHJIM: 

mdU!dt=mgsina-F,...x, (1) 
11.e U- WBll.!UdCTb 3Miw;eHHJI arperazy; m - Maca arperaty; a - tcy'T CXHJJY. 

lN 

mg 

Puc. I. CxeMa 3MiWCHHll arperary Ha DOXHJl!il: noaepxHi 3 piBHHM 
MiKpOpe.llb(~M 

MaKCHMaJILHa CHJJa Tepni .n.opiBHIO£: 

Fmu=mgfcow.. (2) 
Tyr cnio. o6yMOBHTH noHHTI'!I Koe<Piui£ff'IY f i einnoei,iuto eyra fl' 

if = tg fl'). Y auna.mcy KOJUf arperaT He pyxaer1>c1 Koef)iuiarr f 
npupieuJOCTbCJI ,11;0 Koei)>iuieury repn1. Konn :lK arperaT nepeMiuzycri.cg B 
nonepe<tHOMY HanpRMK)' CXHJJY, TO iioro oiu;x1U1CHWI M0"'8a 

oxapaxrepn3yBaTH Koe4>iui£HTOM 60ICOBOfO 3MiWCHWI (yBO.ny), 3H8'1CHWI 

JIKOfO 38JJCJKHTh Bin. 6araTLOX $aKTOpiB ($i3HKO·Mexani'IHHH CK.llaJI i CT8H 

rpyH'I)' Ha .n;aHHA MOMCHT Ta iuwi). 3H8'1CHHll .n;aeoro KOe4>iui£my 

I1pHffM8£TLCJI piBHHMf = 0,1 ... 0,15 ( 7 ]. 
Ha OCHOBi (I) 3 BHKOpHcraHllM (2) nicJIJI nepeTBOpeHL OTpHM8£MO: 

dU= gsin(a-tp)dt. 
COStp 

IlpoiHTerpy£MO .ll;Bi'li OCTaHHiii BUpa3 OYpHM8£MO Be.llH'IHH)' 

3MiuteHH11 arperary: 
I . 

dx!dt = U =Jg sin(a-tp} dt; 
cosw 

0 

dxldt = U =gt sin( a-{!') ; 
cos~ 

13 
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1f sin(a -tp) d x,= gt t; 

c"'" 0 
x, = gt2sin(a - 91)/2cos1p. (4) 

Ilo6y.!1;)'€MO rpa$iK lan~ocri 3MiW:eHIUI x, ca.ztRJibHOrO arperazy 
Ha CXHJlax KpyrH3HOtO 12°, Mall:CHMaJJbHHX, W:O ti:OnyCTHMi ,!l,Jlll po6oTu 
ti:aHoro arperary, 33 '13COM t npupi3HHX 1ua11euW1x f = 0,1; 0,12; 0,15 
(puc.2). 

/ 

'· • 
// 

.. - /. , • 
r•o,1 . ,, 
// r-0.12 

'·' /, v , , 
~ _,., 

r- 0.1' . 
. 

~~ 
........ ••• 

II 0.2 0,<1 0,6 o,.11 l,<l I~ 1.• 1,6 1,g l,<: 

Puc. 2. fpa4>i1e 3aJIC)KHOCTi 3MiIUCHHll x, C3JUIJIE.HOro arperary ea cxHJJax 
tcpyriCTIO a = 12° 33 '18COM l npu pilHHX 3Ha'ICHHllX KOe$iu;i£iny 
6oKOBOro yso.icy f 
3ri.u.Ho rpalfJiKB. 3MiIQCHIUI arperaty H3BiTb npu MaKCHM&nbHOM)' 

/=0,15 Bll<:C qepel 0,5 c CJlra£ x, = 0,06 M, a '1Cpe3 I c - x, = 0,25 M, lllO HC 
ei.a;nosi.nac arponpaeHJuw 3 ca,11;iHHJ1 po3C8.llH (HenpllMOJiiHHiHi pSJIKH 
poc.llHH i, si;uiosiJieo, Bia.xHJICHWI Bi.n 3a,ll,aJIOi WHpHHH MDicpJl.!U> i T.,n.). 

qacTiwe Hilk <repel KOlKHi 0,5 c aeo6xi.neo B'.lltHBaTH 'laXO.lliB 

(3aCTOCOBy88TII CTa6iJii3y10qi npHCTpOi, 30KpeMa MCXaJlilM nepeMill{CHHJI 

ceKitiit, a npu ix sia.cyreocTi ¢ii3H<t:Hi lYCHJl.IUI oneparopa) ,IUlli 

BHpiBHlOBaHHll HanpA~Ucy pyxy arperary. 

3anponOHOBaHHi:i MCXaHi3M 6oKOBoro nepeMiw:eHHJI ca,!lltJlbHHX 
ceKuiA BHkOH)'( He TinLKH CBOIO OCHOBH)' tPYHKU:hO (perynioBaHHll mHpHHH 
Mi;q>R.11.b), ane i cra6illi3)'lO'!i 4iYHKUi'i. Bia "Ja6e3ne<ty( HCCHMCTpH'!HC 

po:rralll}'BllHJVI CaJIHJibHHX ceKUiH: BiD;HOCHO 803,lJ.OIDKHbOi oci arperary, w:o 
:Jano6ir.a( MO)KJIHBOMY nepeKH)l,aHHlO arperary. ,L{aauii MCXaHi3M ni.a. qac 
ncpcMiW,CHHJ1 ceKu:iH 3 :JaHypeHHMH B rpytn COWHHK8MH, 38 paxyHoK 
peaKuii rpylfl)', 386e3l1C<[f( 'laCTKOBC IlOBepTa.HHll BCbOl'O arperal)' j 

14 
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siJ:Inoei.LlHo noseptteHHJI iioro .uo 3a,!J.attoro icypcoeoro eanpJ1MK}'. OcTaHHJI 
<i>YHKUUI MCXaHi3MY nepeMiW.eHIDt BHKOpHCTOBYCTbCll Ha IlpoTJ13i aoni 

CCK)'HJJ,1-1 i, TaKHM 'fHHOM, 33,!laua WHpHHa Mi)l{f'Sl.M)I npaKTH'IHO He 

lMiHIOCThCJI. 

TaKHM 'IHHOM, MO>KHa 3po61ITH BHCHOBOIC, WO npoBC,ll,CHHH BHll{C 

aH8Jli3 po6oni Ca.LIHJJLHOi M3WHHH ua nonepe'IHHX CXl.fllax .110380Jlll€ 

BH3H8'fHTif Be.JIH'IHH)' nonepe'IHOro 3MiW:eHHJI arperaty 3a 'f8COM Ha 

noxHlliH nosepxHi 3 piBHHM MiKpOpen~M i, si;:J,noeiJ:Iuo, 3a1IponoH)'Bant 
MeTO.!lH ycyuettffj( JJ,attoro 3MiW.CHHJI, a TaKOiK nOKaJy£, WO Bi.nxHJTCHHJI BiJJ; 

icypcosoi criiiKocri npH nonepe"IHOMy pyci arperaTY e pi3HHMH npu 
pi3HOM)' 3H8"1CHHi Koeipittiemy 6oKOBOfO yso,zzy f 

U.e HCllOnyCTHMO 3ri.zu10 arpoTeXHi'IHHX BHMOr, ane npHBC.ll.CHHii 
8H8.lli3 IlOKa3y£, mo tyr ueo6xiJJ,uo 33CTOCOBYBaTH CTa6iJ1i3}'1011i 

MCXaHi3MH. B Ha.WOMY BHna,n:icy ue e Mexaui3M nepecyeaHHJI ceKuiii 
.u;eoxceKuiiiuoi p03Ca,ll.0Ca,QIU1bHOi M8WHHH, 33 ,llOnOMOrOJO HKOro MO)l{ffa 
.U,OCHTh nen<:o i lllBH,ll.KO cra6ini3yBaTH H31Ipj1MOK pyxy arperary Ha noxHJiiH 
noBepxHi KpyriCTJ0,11;0 12°. 

flpHBe.lleHa MeTOIDIKa p03paxyHK}' MOllCe 6yr1t BHKOpHCTiltla llK 
OKpCM3 MeT0,11.HICa ,!Vlll npose.lleHHj( BaiK.llHlllfX po3J>3XYHICiB i llK OCHOBa ll,.1UI 

IlO.lla.JILUJl.IX .llOCJliJDKeHb po6orn BCici C3,QHJJbHOi MaUJHHH Til i'i MCX3Hi3MiB. 
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K)'Jlb'l)'p: Aljrrope<I> . .11.HC .... KaH)],. TCXH. HayK. -t.Jen116HHCK, 1984. -24 c. 
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© B.M. raH.zl;ytfoK, Jl.T.H.; 6.1. 3atxeii, K.T.H.; n.s. Wony.11;1.KO 
Rnsisci.Kui:t eauioeain.Huit arpapeuA yuiaepcHTeT 

MAWl1HA A/111 BHECEHHll OPrAHIK113 BEPTl1KAllbHl1Ml1 
P060'111Ml1 OPrAHAMl1 

P03Z/lJlHymo numaHHR. cmpyKmypHo-e11ep2emu11Hozo aHa11i.3y 
mpu6o-MexaHi'lHof cucme.Mu K0630HHR. HaeeOeHo MemoOuKY po3/)06Ku i 
noOaM Kapmy mpu6oMexaHi'IHUX daHUX cnpll:JICeHHR po3KUdwibHOZO 6ally 

2HO£P03KU0a.'la. flpooeOeuo docn~eHHR, o6TpyHmOBaHO j eu6paHO 
KOHcmp)'l(llii'IHi Mamepimlu 0JlJI 6Ka30H020 cnpJ1:J1CeHHR. 
rHO€P03KH,llA 'I, TPHliOCIICTEMA, BEPTHKAJibHHll 
P03KIUAJlbHHll BAJI, WHEK, BTOMA. 

IlOCTIIHOBKa npo6JleMH. 0,!UliE:IO 3 Hepo3s'.113<UIHX HayKOBO

npHKJJaJJ:HHX npo6neM, mo 3HIDk}'C Hallif:b1icu. p03KHJJ.alli~ Hk opraHitUiHX, 

TllK i MinepanbHHX .n:o6pnB, € ei,a,cyruicn. uayKOBO-MeTO,ll;H<fHHX ni,a,cTaB 
KOHCTp}'JOB8HIDl Ta CTBOpeHWI QHX MauIHH. Ci.oro.n;ni Ha ceiTOBOM)' pHHK)' 

fHoq>03KR,.!l8<fiB MOlKHa 3Haihu nona.n: 200 M8WHH, mo MWOTb cyrreni 
Bi.n;MiHHocri KOHC'rpyKitiii, o6rpyHTOBaHicn. JIKHX ei.a.cyrmi:. OlUIHM il 
OCHOBHHX QHHHHKiB, mo o6yMOBJll010Th ea.n:iiieicn. po6om Bupo6y. € 

KOHCTJ>YKUiiiHHl:i Marepian, 3 llKOfO BiH BHI"OTOBJieHnit TOM)' po3po6JICHHJI 

H3}'KOBO-Mero.n;H'IHHX ni.n.crae CTBOpeHHSI fHOQXllKH,lla<fiB i ix po6o'IHX 

opraHiB € 81C1)'8JlbHOJO 38Jl:8<feJO. 

,D;o OCTIUIHbOfO qacy B ciJihCl>KOrocno.napcbKOMy 

Mawnuo6yJ1YB3HHi YKpai.HH y 3B'.113K)' j3 KpH30BOJO cmyau:ielO B CKOHOMiu:i 

ICpalHH .ll,JIJI BHroTOBJleHHJI TCXHiKH, HRBiTb TilKOi', mo npH3Ha"!eHa .llJUf 
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eKcOJTyaTauii B CKJ18,llHHX YMOBax (arpecHBHC cepeJJ.OBHw;e, UHKJii'lHi 

HaB8HTOOKCHHJI TOlllO) BHKOpHCTOBYIOThCll )],ernesi HHlbKOCOpTHi ByrneueBi 

CTilJJi. TepMiH CJJy11C6H 6inLWOCTi MBWHH i o6naJ1HaHHJ1 TBapHHHHUDKHX 

QlepM i KOMDJICKCiB (KOpMOpo3ll8Ba'li, M8WHHH D.JUI 38CT0CYB8HHll JJ.o6pus, 

rnocpo3KHJJ.8'1i, rHOCH8BrurrrutcyBa'li, TJ>aHCOO))TepH, CKpenepui YCTBHOBKH 

JJ.JUI npHt5upaHHll rHOIO, cu-ra .ayroei D.JU1 po3lliJ1eHHJ1 rnoio Ha Qlparcuii, 

WH6epHi 3acniHKH B caMOTO'IHHX CHCTCMax npu6npaHHJI rHOIO, 

o6J18,ZJ,HaHHll J],Jlll yrpnMaHHJI rrruui, K8HaJJi3auiUHi CHCTeMH Til iH.) Ha6araro 

MeHwnH aMopm3auiiiHoro [8, 9, 11]. Ue o6yMoBJJeHo llK KOpoli£io B 

arpecHBHHX po6o'IHX cepe.ztOBHLUax, TilK j OOJIOMKaMH Bin. MCX8Hi'IHHX 

HaBaHTWKCHb. 

0.ll,HSK, o6rpymyeaHHllM en6opy KOHCTJ>Ykll.iiiHHX M8TepianiB )],Jill 

po6o'IHX opraHiB i TJ>H6oCHCTeM rttocp03KHD.8'liB 3aii:MaJIH(:jl JIHWe OKpeMi 

.11.0CJIUl,HHKH. 

Aauil OCT8HHix JJ.OCJliJlateHb i ny6Jlhcauiii. 3a YMOB 

CTaTHCTil'IHOi HCOJJ.Hopin.Hoi crpynypu Ta Qli3HKO-MexaHi'IHHX i XiMi'IHHX 

BJl8CTHBOCTeii TpH60CHCTeM KOB3aHHll 3a6e3ne'ICHHll OUTHMa.JlbHOi 

noeepxuesoi MiUHOCTi Ta MiHiMaJibHHX 38TpaT eaeprii narpe6yc 

.uosroYpHBaJIHX BHnpo6yBaHb [4-8] . 
.l{OCJlizvKeHHJI TepTII Ta 3HOWyB8HHJI B pi3HOMaHilHHX xiMi'IHO

aKTHBHHX Ta a6p83HBHHX cepe,11,0BHUl8X j3 3acTOCYBaHHJIM 4iilH'IHOro T8 

MaTCManr<IHOro MOJJ.eJII088HlUI ll,OlBOJJHJIH BIDIBHTII OCHOBHi 'IHHHHKH Ta 

1epwrepii eKcnnyanuiHHoro 3MillHCHHJI {S] i po3po6IDITH YpH6oMexaui'IHi 

CHCTeMH MiHiM8JlbHOro lHOwyBauHJI (5, IO]. 
Men llOCJ1i.IDlceer.. Merot0 ll,ocni,iuKeHL £ ni,n;sumeHHJI Ha,D,iihlocri 

i rexui'luoro piBIDI M8UIHH D.JUI 3acrocyBaHHJ1 opraei'IHHX JJ.o6pne. 

Pelynr.T&TH ..110CJ1izl.Eear.. Ha oceoei auanil}' HayKoeux 

,D;OCJii;:i:JKCHb, nepe,!lOBOro BHpo6HH'IOro .11.ocsiJJ.y, 08TeITTHOro nowyicy 

TeXHOJioriA BHCCCHHll .11.o6pHB Ta KOHCTp)'KUiii po3KH.118'1iB [I-3] HaMH 

BCTaHOBJICHO, w:o eKcnnyanmiHHO-TeXHOJIOri<JHi OOK83HHKH po3KH,lla'liB 3 

BepTHKaJibHHMH p03KH,ll8JlbHHMH BarnlMH 3Ha<JHO Kp8LD;i Hi)(( y pOllWJla'fiB 3 

i"x ropH30HT8JlbHHM p03Miw;eHIDIM. Ilpore, J1Kicn. BHCCCHHJI JJ.o6pHB 

(HepiBHOMipHiCTb po3no..11iJiy ll,06pKB no OOJIIO) He OOBHiCTIO 31l,nOBOJlbWI£ 

iCH}'IO'li BHMOCH (4]. ).l,rui: OOKpaLD;CHHJI JIKOCTi po3no.11.i.ny JJ.06pHB no OQ.DIO 

HaMH 3anponOHOBaHa KOHCTpYKUill po3KHJ],aJlbHOro MexaHi3My, w:o JIBJUI£ 

Co6ol0 KOMOJICKT ll,BOeJICMCHTHHX WHCKiB, llKi 06epT8fOTbCll 3 pi3HHMH 

K}'TOBHMH WBH,ll,KOCTIIMH (p1t.c. 1 ). Ue .ll8£ lMOry 6i.nbw piBHOMiptto 

BHOCHTII ll.06pHBa i TO'IHiwe peryJIIOBaTH pe;KHMH po6om M8WHHH, 

laJIClKHO Bizl KOHKpeTHHX 8Hpo6HH'IHX yMOB (polMipiB JJ.iJJllHOK, IIIHpHHH 

BHCCCHWI, HOpMH BHCCCHWI). 
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Puc. I . CxeMa rHO£POOKH.Qa<ia 3 e1<cnepHMCHT8JibH1tM po11<H,Qa.J1l>HHM 
MexaHilMOM: I - pat.1a; 2 - onopHi Koneca; 3 - npH'linHHii 
npucrpiH; 4 - U0.11.aBallhHHii TpaHCUOprep; 5 - IC)'30B; 6 -
TeXHOJJOri<1Ha CHpOBHHa; 7 - ri.!l;pOJJ.BHf)'H npnso.zy uepxttix 
waeKiB; 8 - po3no.11,iJibHO-.llOlyBaJ1bHHH npuc-rpiii; 9 - KapKaC 
po3no,11im.no-JI03}'BaJit.Horo npucypoKI; IO - npHBOJJ. noJJ,aBaJJbHOr<l 
TpaHcnop-repa; l l - rmaHKa TpaHcnotyrepa; 12 - riJJ.po.nsuryH 
npuso.zzy HH:lkHix mHeKis; 13 - KOHillHHii. pe.ztyKTOp 
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BoHa CKJU1,na£TDCJI 3 paMH ycTa.HOBKH 1, 11.Ka 6:ny£T&C11. Ha 
qoTupwx OIIOpHHX KOJiecax 2. IlpuqinHHii npncrpiii 3 I1pK3HaqeffHil ll)l1I. 

IlpHse.neHHll B IlpllMOJiittiilHHH pyx CKCnepHMCITTaJlbH0°i MawHHH. 
IlpHBOD. IIO,!l,3.BanbHOro tpaHcnoprepa 4 3 n.naHKaMH 11 

:miiicHK1£TDC11 Bi.ii BBIT TpaKTOpa 'lepe:i .naHQIOroBy nepe.na'I)' 10. 
TexHOJIOri'IHa CHpoBHHa 6 MiCTHThCll B K)"lOBi 5 i 3a D.ODOMOrolO 
ropH30HTa.nbHOro D0,!1,aBanbHOro TpaHCDOpTepa 4 DJ]aJl'UIC'fOro may 
H3JlXO.D,HTb Ha p03KH,ll,MbHO-po3IIO,!l,im.qHff pOOo'Utii opraH BepTHKMbHOro 
mny 8, 3a1epin.neuui:i B KapJCaCi 9. 

IlpHBOD. BepXHDOro p03KH,lla.llbHO-po3IIOD.iJib'IOro po6oqoro oprauy 
seprnKanbHOro THny :miii:CHJO£TDCJI 'IOTHpMa ri.zl.po.ll:BHI)'Ha.MH 7. HIDKHDOro 
- 12 qepe3 KOHi'IHHii pe.nyicrop 13. 

Po3KHJJ.anbuuii: .ll.BoeneMeHTHHii wHeK (puc. 2) J1BID1£ co6ol0 san I 
Ha l!KHH Haca,!l)KeHa tpy6a 2. 3a ,!1,0IIOMOroK> Bl)'JIOK 4 tpy6a Ma£ 
MO)l(JIHBiCTb o6epTaTHCb HaBKOJIO CBOCi° oci. Ha o6ox eJieMeff'nlX 1 i 2 
npeeapeua HaBHBKa, JIKa He cnony'leHa OD.Ha 3 .o.pyroK>. JliBa (BepxHll) 
qacTHHa HaBHBKH WHCKa DpHBO.D,HTbCJI B pyx 38 .!l:ODOMOrolO JlllHlUOroBOi° 
nepe.naqi qepe3 3ipO'IK)' 3, a npaBa (HWlCHJI) qepe3 3ipK)', po3Miw;euy Ha. 

Bani I ai.o. ri.zl.po.!1.BHryua. JIKHii 3HaxO.D.HTbCJI ni.o. K)'30BOM reoepo3JCH.ll:a'la. 

2 3 4 5 
-;-~ 

Puc. 2. CxeMa ,11,BOce1ruiHHoro po3KH.llanbnoro wHeKa: I - WlJl; 2 - Tpy6a; 
3 - IlpHBO,IUla 3ipO'llC3.; 4 - Bl)'JIKH; 5 - HaBHBICa WHCKa 

Ilpnao.o. po6o'IHX eJJeMeHTiB 3.ll:iiicHIOCTbCJI Bill BBIT TpaKTOpa 
'lepel MexaHi'IHi i ri.npaBJii'IHi nepe.na'li 3 BHKopHCTaHHJIM OKpeMHX 
ri.D,pO.ll.BHryHiB. 

H3.11,iiiHiCTb Ta .nosroeiquiCTb po60TH Mawuue MOJKe 6ym 
386eJne'leHa UIJlllXOM BH6opy Bii:tnoBii:tHHX KOHCTpYKUiiiHHX MarepianiB. 
OceoBHHM ay3JloM polKffA3.JlbHoro OpraHY e Ban (pee. 2) . 

.[{Jill 3a6eJne'leHH11 Hom H3,IJ,IHHOCTI Ta ,!1,0BroBi'IHOCTi 
po3po6JU1.nuc11 TpH6oMexaHiqni CltCTeMH KOB38HHJI Ha npHKJia.i:ti cnpll)l(CHHJI 
BiCL-Bl)'JIK3, YMOBHO IIOIC3.38Hi Ha puc.2 II03HUiJtMH I i 4, 11Ki npaQIOIOTb 
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0.ltHO'lacHO B a6p83HBHOMY Ta arpecHBHOMY cepeD.OBHuti, OCKiJlblCH 

TeXHOJIOri'IHa cupoBHHa MICTHTb coni 830THHX, cip'laHHX i 4>oe<t>oPnux 

IOICJJOT (4). 
Pe3}'JlbT8TH npoeJCIY&aHIDI TpH6oCHCTeMH KOB3!UIHJI DO,!l888JIHC.ll y 

$opMi (6, 7, 10], JIKa npu,nama ,llJlll Hacrynaoi HeJaJia:uoi ou;iHKH Ta 

cniBCTilBJleHH.11 3 iHWHMH ,WICCpeJiaMH. 

)twt YpH6ocHCTeMH KOB33HHJI "ea.n BepTHk8.II&HOro po3DOD.inbHO-

.llOO}'BallM10ro npHC'IJXllO B1)'JIK3.11 polpofuena IGlpnl Jl8HHX 

tpH6oMCXaHi'IHOi CHCTCMH. 

Ha IIJIOIU.HHi tf>yeKu;iH YpH6oMexaHi'IHOi CHCTCMH OCHOBHa ysara 
nplt,IJ;i.neea TeXHi'IHOM)' npH3H8'1CHHIO, WO B Kapri 'lpH6oMexaHi'IHHX Jl:aHHX 

CDpJnKCHHJI KOB3!lHHJI D01C83Ycrt.C.ll II03HLi:iE:JO /. 

Po6o'li napaMerpH, .11Ki HaBO.IJ)IThCR B noouuji //, BKJHO'laJOTh THO 

pyxy, TpHBa.JliCTL po6om, HaBaHTalKCHH.11, WBHJIKiCTL Ta teMnepatypy. Jlo 

iHWHX po6o11HX napaMetpiB Bizrnocun.c.11 BH,IJ; M8Tepiany, 'IHCTOTa o6po6KH 

romo. 
Tan pyxy BH3H8lf3£'rbCJI JIK "6e3nepepeee KOBlaHHJI" 3j WBH,!l;KiCTIO 

1 ... 2,6 M·c·1• Tpueanicn. po6oTH Bl£3Ha<ieea JJ.JUI eiccnepHMCHTanbHOi 

MauIHHH - 2000 ro,!1.HH, IQO 33.6e31le<IHTb 6e3Bi.n.MOBHiCTb po6ont: U:bOro 

cnpJ1JKeH1U1 npoTilroM 3-4 ce:JOuis po6oTH, w:o :Ja6e3neqye 6e3B~OBHicn. 

po6ont nucoro CDpJlllCCHIUI BDpo,llOBllC 3-4 ce30HiB po6ont. Crpynypa Ill 
TpH6oMexaei'IHOi CHCTeMH, ODHcyCTbCJI. ll 'IJIH6oeJJCMCHTaMH, ix 

siiutosizumMH BJiacmBOCTJIMH Ta B3aoto.11iJl.:MH. TpH6oeJieMeHT I - u:e 83.JI 

i3 cTaJri 45, a TpH6oeneMeHT 2 - Bl)'JIK3. 3 rpacfliroruiacry. TpH6oeneMeHT 3 
- u:e coni,n.on, a TpH6oen:CMCHT 4 - Hanispi.a;Ka cflpatati.JI." rHOIO, KOHU:CHTpaT 

napiB rHOK> i BOJIOrH. 

Tpu6ooori'IHi BJlacTHBOcTi IlOJli.lllllOTbCJI ua DOBepXHCBi Til 

o6'CMHi: JlO DOBCpXHCBHX si.n.eocancJI wopcn:iCTb, CKJia.D: DOBepXHCBHX 

mapia, napaMCTpH noeepxaesoro 3araprosyBaHHJ1, a o6'£Mni - u:e 

reoMerpH11Ha cflopMa, xiMi<nu1H CKJUUl Til RBpaMCTpH MBTepianis, B T. 'I. 

MOJl:YJlb np)')IOlocri, TBep.aicn., rycmua, Termonposin;uiCTb, MCTaJJYPriiiHa 

CTpynypa TOlllO. 

BiJI.nosi.n.enMH BJI3CTHBOCTIIMH AJUI MtlCTIIJJa c s'J1:ncicn., xiMi11aHii: 
c~ Til 33.JIClKHiCTb B'!l3KOCTi Bi.II. TCMneparypu R THCk)'. 

)l.nJr aTMocQ>epu ronoBHHMH BJlaCTIIBOCTJIMH 6y..o:yTb IT xiMi'lHHii 

CKlla,!I, Kim.KiCTb j THCK OKpCMHX CKllM.OBHX, B T.'I. 80,lVIHHii po3'1Hff rHOIO i 
rHOiBkH, 

,[f,H.>1 KOu,n:CHCllT)' i BOJIOnl roJJOBHHMH BJlacntBOCTJIMH 6y.ll)"Th ti xiMi'IHHii. 

CkJiaJl, o6'CM BOJIOrH i TeMneparypa. 

B:utCMO.!lii Mi:iK TpH6oeJJeMCHTaMH OXOOJUOIOTb npOl.lCCH KOHTilK'I)', 

TepTII, 3HOW}'Bl\HHJI, a TaJCQ)I( pe)l(HMH 3Maw:yBaHHJI. 
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KpiM npouecis repTJI Ta JHOWYBaHWI Mi)I( tpH6oe.neMeHTilMH (TE) 
i 2 <pu6o.noritfHoi' CHCTeMH, MaIOTf. oco6nuse JHa<1eHW1 npouecu a,nreJii', 

.IUl<(lyJi'i i sanaposyBaHHJI MaCTHJia TE-3 Ta HaBKODHWHwro cepe.n;osama 
TE-4. Tpu6onori'IHi xaprucrepHCTHKH BKJUOtfaK>Th JMiHH C'TPYK'I'YPH 
CHCTeMH, BtpaTH euepri'i Ha TepTJI Ta 3HOwyB8HHJI, BTpaTH Marepia.ny 
BHac.niuOK 3HOUIYBaHHJI. 3MiHH ctpylCT)'PH MO)l(}'Th 6yrn noB'llJaHi 3 
pyiiHyBaHWIM eneMeHTiB tfH yrsopeHWIM HOBHX, Ji 3MiH3MH ronorpalf>ii' 
KOHTaJCTY TOWO. 

06rpyH'l)'B8HHJI i BH6ip KOHCTp}'KUiftHHX CTaJieii .!I.JUI po6o'IHX 
oprmiB rnocpolKHD:atfiB npoBO)lHJJHCh wnJIXOM eKcnepHMCHT8Jif.HHX 
,ll;OCJJi.zPKCHf., 

)(n:ll .n.ocni.zuKeHf. 6ynH BH6paHi HaC'l)'nHi KOHClpYKUIHHI CTaJll: 
syrneueea CTaJ11> JBHtfaiiHoi: JIKOcri CT3; eyr.neueei llKicHi cTa.11i 20, 30, 35, 
45; BHCOKOMiUHi CTaJii 30XfCHA, CT8.Jlf, aycreHiTHa Mapra1u1eBHCTa 
45fl 7I03; Kopnycai 09r2, IOXCHJI.; CTaJli THny 12XH3A; 
KOpoliHHOCTiii:Ki 08Xl 7H6T, Xl8HIOT Ta iH. 

HacaMnepe.n;, 6yna BH6p8H3. THDOBa ,ll1lll po6oni B pelKHMi 
MaDOU,HKJIOBO'i BTOMH HHlbKOByrneuesa CTaJlf, 20, .lllC MO.lleilf.HHii M8TCpian, 
JIKH.ii BHKOpHCTOBYBaBCJI .ILflJI OCHOBHHX llKiCHHX eKcnepHMeHTiB 3 BHB'leHHJI 
BIIIlHBY nonepe.D.HWl Kopooi'i, MexaHi'IHO'i i 3MiUHIOBarTf.HHX o6po6oK. 

)J;eran1>Hi Bi.D.OMOCTi npo CTa.lli, llKi .llOCJJiu;lcyBa.JIHCJI (xiMi'IHHii 
CICJla,Q, BMiCT ra3iB, wKi.nnHBHX AOMiWOK i HeMeraJieBHX BICJlK>'ICHf>, 
TepMi'IHa o6po6Ka, MexaHi'IHi BJJaCTHBOcTi) Ha.Be,lleHi B Ta6nHui. 

,lJ;OCJJitvlceHH.11 KOHCtpyKUHfHHX craneii: H8 KOpoJiiiHO-BTOMHHii 
onip npOBO)lHJJH B cepe.n;OBHIUax opraHi'IHHX .no6pu8. 

An:.11 .a.ocni.zuKeHf. 6panH opratti'IHi .llo6pusa, lUO lllHpOKO 
BHKOpHCTOBYIOTf. B IlpaKTHUi ci.nf.Cf.KOfOCDO,!t8.pchKOfO BHpo6HHQTBa: 
niuCTHJJKOBUii rHiii eenuKo'i poraro'i xy.n;o6u (BPX); Hanispin.KHil: 
6eJni.D.cTHJIKoeuii ruiil: BPX; rttiH 3-ni.D. CBHHeii; KYPll'IHii nocniu. 

CTa.THCTH'IHa o6po6Ka pe3yn1>ntTiB .llOCJii.zuKeuf. ua BTOM}' nomirac 
y BUJHa'leHHi <(lyHKUiOHMf.HO'i JaJlelKHOCTi Mi)I( BeJIHtfHHaMH uanp)')KeHf. 
(.n;e<(lopMauii) i 'IHCilOM UHKJiiB .no pyiiH)'B8.HWI . 

.HK npaBHJIO, A.lill OlpHM3HWI o.nuiei eKcnepeMeHTa.Jlf.HOi TO'IKH 
BHK0pHCTOByB8.Jlu 8 ... 10 3pa.3KiB. Pe3Yilf.TilTH ,!lOCJli,zoiceHf. (onip BTOMi) 
o6po6JlJUIH 3fiuHO nonolkeHHll rOCTy 23207-78 MC'rO.llOM CTaTHCTH'lJIOi 
o6po6KH JlJlJI 500/o-oi iiMoeipaocTi pyii:HyeaHHJI. KpiM JBH'laiiaoi 
CTaTHCTU'IHOi o6po6KH eKcnepuMeHTa.llf.HHX .llaHHX, .IJ.JUI 3H8XO,Q)KeHHJI 
Kope1u1uii:i:HHX JaJle)ICHOCreii Mi)IC MMOUHKJIOBOIO BHlpHBaniCTJO CTa.lli 20 i 
OCHOBHHMH napaMelJ>aMH su6yxoeoro JMiUHeHHll npoae.zi.eua cneu:ian1>ua 
MaTeM8TH'IHa o6po6Ka pel)'JJf.TaTiB. 
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Ta6nuna. XiMiquuii cKJ1a,n CTIUieii, w;o .!lOCJJi.IDK)'Banuc.11. 

Cram, c Mn Si Cc n Ni Mo Cu s p 

Cr3 0,18 0,45 0.12 - . - . 0,05 004 
20 0 15 0,59 0,21 0.03 - 0,04 - 0.04 0.029 0.007 
30 027 0,53 0,19 0,03 - 0,04 - 0.04 0,028 0,013 
35 032 070 0,28 0,13 . 015 - 019 0,040 0030 
45 0,45 0,65 0,25 - - - - - - -

30XI'CHA 0,32 I.I I 1 10 1,04 - 1,60 - 0,14 0007 012 
65r 068 098 03 - - - - - 0010 0,018 

lOXCHn 0,09 0,64 086 0,63 - 0,65 - 0,42 0,016 0,009 
Xl8HlOT 0,13 1,2 - 18.2 070 10,2 - - - -
45r17l03 0,40- 16,0-

0,50 0,50 
0,50 18,0 

. - - - - -
65r(Tj\ 0,66 0,99 0,30 0,14 0,143 0,10 0,08 0,19 0034 0017 

65r(6e3Ti) 0,67 0,98 0,25 010 0002 0,12 007 0.19 0030 0011 
08Xl7H6T 0.05 0,6 0,3 168 0,2 6.2 - 0,17 0,016 0,016 

CrutaBMKC 2.33 259 235 0,69 - 188 . 0,38 0,001 0012 
lOXI'CHlll 0,12 0,74 0,73 0,55 - 1,20 - 0,30 0,021 0,031 

XISHIOT 0,08 1,16 0,29 17,45 0,55 9,86 - - 0,01 0,027 

ToMy a.HaJIOri'IHO .llO Mtl'O,D;HKH, w;0.!10 .a:ii CHD}"IHX .no6pus, H8MH 

6yJia npoec,1J.eea nonepCJU111 iropoJi.11. llpOTIIT'OM WeCTH MiCJIUiB 3pa31dB C'ralli 
45 B cepeoosuw.ax: ttanispinkoro ruoJO, 6e3nincnrnKosoro BPX i CBHHeii, 
nizl.CTHJUCOBOro rHOKI BPX, a TaKOlK tcypsi:<1oro 11ocni,ny. 

PC3yn1>T8TH npoeKT)'BBHHll IpH60CHCTeMH KOBJaHWI "saJJ 

BepTHk8.llLHOro po3DOllirn.uo-,11,03yaam.uoro npHCTJ>OIO - Bl)'JJKa" no.nano y 
4>opMi Ka.pm TpH6oMCXa.Hi'IHHX ,ll3HHX {puc. 3). 

0CHOBHi -rpu6onori'1Hi npouecH DOKl\ll\Hi y BHrJUl,Di CXCMBTH'lllHX 

.a:iarpaM .QJ1.11 see CK.JIB,!{HiWHx ClfCTeM, ro6TO, 3 6i.m.woJO Kim.Kicno 

ll3a€MOJriJO'fHX eneMeHTis. 

3a pe3yJJ1>TaTaMH crpylC'I}'PHO-eHeprerH'IHoro aH8Jli3Y 
"lpH6ocHCTeM KOB33HHJI ciJibCLKOrocno.napChKHX M8WHH, eKcn.nywrau;iii:He 

3MiUHeHHJI DOBepXHCBHX wapis B npou.eci po6aru M8UlHH MO)ll'.JIHBC i npaK

TH'fHO 3JtiACHCHHe [6]. RK DOICa3YJOTL pe3)'JJhT8TH nacnopm3auii cnpJl)l(CHh 

k0B38HHJI MauJHH niCJDI po6orn B pi3HOMaHiTHHX cepe.11;osuw:ax, BHaCJiiD.OK 

OOTHMaJlhHOro DOC)lff8Hffll lpH6oeneMeHriB Ta BHkOpHC"faHHJI TeXHOJIOri'f

HHX (:m6e3RC'fCHHll eiD.noeiJ:IHol TBepn.ocTi. wopcn:OCTi, YMOB 
npunpaWOBRHHll TOUJ.O) KOHCTpYKTHBHHX <rnHHHKiB (WBK!lKocTi 
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I. TEXHlllf:IA <J)YHKUJR TPHDOMEXAHl'IHOI CHCTEMH P03KH,!l;A'IA OPr AHlllflHX 
"OEPHB 

AHaJliJ ~.,.,.. i JHOW"llllNllll. en eNHll: Ball ue~11K.·.ll.OJ"81111LNOro n • a"".IKll 

IJ_ P060'll nAPAMETPH 

T" : GeJne KOll3aHH~ T "HBaJtiCTb : T ,. 2000 fOJUIH 
Hall8HTIDttHllll: 

waHn:icTL: " =An TeMnqmypa: t = fi'D P=-
HaBaHT'l!leHNI v=l ... 2,6 .. -c·• 1- 20 •.. 40°C 
1600 ... 2400 H 

IHIUi jX)fi<:Ni 111attpiu11: BllJI. MarepiaJly - CTIIJI& 45, 'IHCTOTII o6po6KH 
C'{.2{)· D = 1,.25 MDI 

R. = 0,63 N"KM, 'llllYH 

Ill. CTPYKTYPA TPHEOMEXAHl'IHO CHCTEMH 
Bnacn111ocTi TE TE-I TE·2 TE·l TE-4 

00llt&'leNllll 
Ban eepnUCallWiHll - Bcymca -C'I· 

eneMet1Ta i ConiJ:lon, 
r.m-·-ian CTilJl&45 20 

1111niapilool 

.,_ 
·~ llfOIO i BOllH, 

fe<>MeTpil, 0125 -O.Ol•' F687 ..... 0125. . otipalCUI~ 

"" ~ /o<70MM, ,~. 

]XllMiptl, olkRr V"' 85875 .... 1 
v-23\21 MM1 • • c. 0,42. 0,48% C-4,0 .. .4.4%, ., ByrJH:BOJlHi, , XIMi'IHHil CltllaJJ. Mn-0,5 C, Ni-0,25, Mn-0,8'~ 

COJli KIKllOT 
SiO, 

~ Fe--wn fe·""UITII 

' 
¢1i3Hl«r HRC60 

•• MexaHi'llli Afllli: Oo= 90 ... 120icf fcM 1 HB• 

• Tuep.aicri., 
o,= 70 .. ,9(1 Kf lcM1 200 ... 220 

' B'IJKicTL TOIQO 

' Ton~i'IHi 
R,~ 0,63 MKM R.= J,25 MKM 

0 .!l8Hi 
JlaHi noBepXHe- rapryBaTH CB'I nut6. JMauo-HHR nepiOOllWl8 

BOrow-·· / 2 ... J 6 MKM 
f1Jiom.a KOH A-8750 .. ·-' T"1t6oJ10ri'l11i IJJllEMQ,11,ii 

no1111Hil cniJI 97% I 100 t-)f ...--"{--" JHOW"llllHHI £ 
IV. TPH60JIOrNHI XAPAKTEPHCTHKH 3 3 4 
]MiNa BJlllCTllBOCTeil 

£cidJ CnpR:JlttHHll lueltDllcrL JHOWYBSl!ttJI aill "lllCY --·OOeJ!areHTie 

3HOlll)'BlllNI. Balla 

~ 
-BeputKMLllOfO l Bl)'Jll<H 

~11.11111111rn 1111 oo 
lll paxyHOK TepTll 

KOBJaHllll a a6pa:iKBNOMY 
i arpecKBHOMY 

. 
cepe.llOBNWi. )Milla 

l:LllacTHDOCTeA i • ./' ' #' ./'-' ,./'-' ,./' -'r, ~- po6omu 
'"'-KOCTino Ni. 

Puc. 3. Kap-ra TpH6oMexaHi'IHHX .uaHHX cnpJOKeHWI KOBJaHHJI 

BJaE:MHOro nepeMimeHHJI, HaB.aHTillKCHHJt, TCMneparypu, ei6pauii' TOmo), 

cnpIDITnHBHX .lU1'I CllMOOpfaHilau;i'i UOBepXHCBHX wapia TpJ.t6oeneMeHTiB, 

MO)l{C 3.UiitCHIOB3TIICJt eKcruzyarauiiiHe lMiUHCHHJI noaepXOHh KOB33HHJt B 

npoueci po6oTII. UHM npouecoM MO)Kffa Kepyaarn. )l.o.uaaaHHJt .llO 

craH;:l,apTHffX MaCTH.11 ORTHMaRbHOi" KinhKOCTi noaepXHCBO-aKTHBHHX Ta 

xiMi'IHO-aKTHBHHX npuca.uoK .llOJBOilJl( JH3'1HO ni.uBHWHTH pecypc po6oTH 
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Tpu6oCHCTeM KOB3a.HWI. 3a JUUIHX YMOB H3B8HTa)l(eHHJI Koe4liLti£HT 

eKCnnyllTauiHHOro 3MiUHeHHJI )lJUI pi3HHX YMOB eKcn.nyaTaa:ii MOlke 
.11,0CJilraTH 2,6 ... J,l (6]. 

0.11,uax, .QJUI eaHsi,imosinaJJhHillIHX TpH60CHCTeM KOB38HHH 

.llOQiJJLHO 33 paxyHOK He3H3'1HHX KOHCTpyKTHBHHX 3MiH, H3DpHKJia,n:, 

BCTaHoBJieHHJI JI0.1'8.TICOBOi BCTaBKu-aHOJIY B TE-I a6o TE-2 3 si,unosi.zuloro 

MaTepiaJty Til J],O,ll.aBaHHJI ODTitMaJlbHOi KiJihKOCTi npHca,llKH, llKa MiCTHTh 

CJieMeHTH, w:o 3,IJ;anti HapO.uzyBaTHCJI rani.BaHi'IHHM 118.nrpa.HIDIM 

noeepxuesnx wapis B npoueci eKcnnyarartii, CTBOpITTH YMOBH Jf)JJI po6oTH, 
RKi 6 cnpIDiml 6e38'l'p8TIIOM)' l}>yuKUiOH}'B.3HHlO TpH6ocHCTeMH KOB38HHR, 

ro6TO wsll,ltlciCTh eapouzyB8HHJ1. noeepxHeeoro mapy ypisHoBWKeea 3 
UIBJtJUdcno 3HOwyBllHH.ll. B TaKOMy suna.zucy pecypc ManJHHH MOJKC 6yru 
OOBHiCTIO KepoBa.HHM. 

HK 8CTilHOBJICHO, WBH,D;KiCTh KOpolii B K}'PJl'IOMY nocnini B 2 p83H 

euma, uhK e ttaniepizucoM)' 6eJniuCTHJIKOBOMY rHoi BPX rn CBHHeii i 
CKJl8,Q3E eia;nosiuuo 0,256 DiX>Tif 0,145 i 0,149 (r/M2 ro.n). lIIBH.nKicn. 
KOpolii" s ni.11cTHJIKOBOM}' rnoi· BPX 6yJUl MeHWOK> - 0,069 (r/M2· ro..11) . .HK 
BH,D;HO, 3 puc.4 ..llOBfOBi'fHiCTi. 3pa3KiB npn .n.e4'opMau;ii e = 0,25% nicrui 
BH'lpHMKH B K}'PJl'fOM)' DOCJJi.tti 3HH311J18CJI y 7 ,8 pa:iiB, B aanispi,zucoM}' reoi 
BPX B 4,3, B CBHHJl'fOM)' ruoi - B 3,5 i B 6e3niaCTHJIKOBOM}' rHOi B 2,4 pa3H. 

l,Cffil-05 
= 8 e l,OE+-04 :i 

I,<Xll+-03 

l.Cffi+-02 
0,2 0,55 I 

.s;% 
Puc.4. KpHBi MaJIOUHK!IOBOi BTOMH niCJUI WecntMicxqeoro BWl'pHM)'BaHHJI 

1p:nKis h cTaJii 35 s cepe..llOBHmi niaCTHJIKOsoro BPX (2). 
uanispi.nKoro 6e3ni,.QcTHJIKOBOro rnolO BPX (3), csHHeii (4) i 
icypx'foro nocJii.zly (5), (I) - 6e3 nonepe.11,ui.oi Kopo3ii 
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CHJit.He 3HHlKCHH" onopy BTOMi BHKJIHKaHe B OCHOBHOMY 

niTHHraMH, "Ki )'TBOpHJIHC" Ha noeepxtti cran:i npu KOp03il (8]. Haii:6iru.w 
rnu601d niTHHrH 3 pi3KHMH 1Cp3llMH, WO 3 TO'IKH 30py KOHUenrpau:il 

uanp}')KCHL nai:i6iJILW necnpHJITJIUBi, cnocrepiranHC11 nicJUI BWfPHMKH B 
K}'PJl'IOM)' nocni;J;i. rnu6nua niTuurie npoTI1:roM poicy Morna ,a:OCJ1rrn ei.IJ. 
0,5 .a:o 0,8 MM. BHpiwaJ11>He 3H3'1CHHll npu BHHHKHCHHi niTHHriB Ma( 
KOHKpeTHa ancop6u.ia Mix nacuay10<1ol0 .a:ieto BO.llH i xnopH.ltis, J1Ki 
npucyrei B CKJlB,l],i CKCKpCMCHTiB nmui. 

BucaoBKH: 
I. ITi.n.6upanttH 3uococriiiKHX rpu6oe.JJeMeHTis 33 C1PYKTYPHO

eneprem"IHHM 00Ka3HHKOM Ta CTBOpeHKll tpH6oMCXRHi'IHHX CHCTeM 

Oma.ztHOro pecypcy J],03BOIDI.£ cyneeo ni;i;BHll{HTH pecypc MalUHH. 
2. ,[lJ:Ut BHroTOBJICHWI .llBOCCKUiii:uoro po3KH,D;a.Jn.HOro WHCKa 

(CnpsDKCHHll "BaJl-B'l)'JIKa") peKOMCH.Icy£Tl.CH JUUi Balla CTaJJb 45, a .nrut 
Bl)'JIKH C'l{-20. 

3. Bu6paHi M3Tepianu BHKOpHCTaHi B lpH6oCHCTCMH IC0838HHJI 
OW:8,ll;Horo pecypcy 3a6e3neqyKITT> H8,ll;iiiHiCTh po6om. 

4. IliD:6HpllHID1 3UococriiiKHX lpn6oeneMemie 3a crpyicrypHO.
eHepreTll'IHHM flOK83HHICOM Ta CTBOpeHIDI lpH6oMexaHi'IHHX CHCTCM 
ow:a.nuoro pecypcy TaKOlK .D.03BOJIJI£ C)"l'TCBO ni;J;emu;HTH pecypc. 
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YAK 621.86 

© 6.M. reBKO, ,!l.T.H.; O.JI. Jb:wyK, K.T.H. 

T epaoniJJDCbKHii ,D;ePJKaBHHii TeXHi'IHHii yHinepcmer 

AOCn!AlKEHHR ntHliiHMX KOnMBAHb KAHATHOf CMCTEMlt 
ntA 'IAC 3ABAHTAlKEHHR 

3anponOH08QJW MemoOUK)' po3paxyHl<)l !llHIUHUX KO/IU6aHb 

KaHamnof cucmeMu 3creaHmaJtCe1fHR. BueeOeHo QHQJ1imu11ni 3QJle.JICHOCmi 

0!1Jl 6U3HO'leHHR OCH06HUX KOHCmpyKmU6HUX i CU!I06UX napaMempie 

niiJHiMaJlbHO-mpaucrwpmuux MOUJUH, RKi xapax.mepu3J110mb, JllO 11acmom 

KOJlU6aHb Hecy'lOGO KaHamy, 6 RKi OCH06HOMY 3a!le:NCUmb siO 6eJIU'IUHU 

cniesiOHomeuHR f I I 

KOJIHBAHIDI, KARA TUA CUCTEMA, KAPETKA, JIElil,!UCA. 
IloCTaHOBKa npofuleMH. JliuiJ:iui kOnHBaHHJI K8HaTHOi' CHCTeMH 

ni.a; 'lac 3aBaHTIDKeHHll 3aco6is MexaHiJau:il piJHHX THRiB TCXHOJIOri'IHHX 
nponeciB Jane)l(HTb Bi.a; npaBH.JlbHOro BH6opy i po31'3XYHIC}' UHX 
Mexaei:tMiB, i BH3Hatta£TbCJI Jane)l(HTb Ix eKcruryaTauiHHa HaJ:tiHHiCTb i 
.nosroei<1uicTb. ToMy, DHTaHH.11 po3po6neuW1 nporpaMH i MeTOJJ:HkH 
npoee.neHH.11 lJ,OCJiiJvlceHb £ arryanbHHM i M8€ BIUkJIHBe JHa'!eHHll. 
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Aeani1 ocTaeeix ,a;ocn.W.Ceeb. B po60TaX leae'feHKO B.K. [!), 
H.M.6enoi' [2], Map-ruHuie M.n. [3], AneKcaHJtpoe M.n. [4), 
Baii:HCeH A.A. (SJ, OYpHMaHi OCHOBHi '.laJJe)l(HOCTi ,!l.IUI BH3Ha'feHH.ll 

D,HHaMi'fHHX 3YCH.nb B n:roBOM)' i BaHT3llCOni.niifMaJibHOMY KaHaTaX ,ll,JUI 

Haii6iJibW He6e3ne'IHHX peiKHMiB po6om. 0.11.HaK, npu UWM)' He 

opaxooyoanoCJI KOB'.13.HHJI KaHaty Ha 6noui, a BepTHKaJlbHi nepeMiW:CHH.11 

K3.perKH Ha Hecy<tOM)' KaHati 6ynn npniiWITi He3HR'IHHMH, mo He 

BUJIHBatOTL Ha 3Miuy 3yCHJlJUI B TIITOBOMY KaHati. liapa6ae ne6i,zucH 6}'11 

cyMiW:eHHii 3 6JIOKOM icapeTKH i ;KOpCTKO 3RKpinneenii. IluTaHH.llM 

po3po6JJeHH.ll nporpaMH i MeTOD,HKH npoBe.QeHH.11 D,OCnizvtceHH.11 

38.BaHTruKeHHJI KapeTOK Jie6i,zxoK pi3HHX mnie npuce.11<i:eeo Pll.ll. po6iT. 

Po6on BHKOffY.BaJiacll e paMKaX DOCTilHOBH Ka6iHety MieictpiB 

YKpaiHH npo npiopHTeTHi uanp.11MKH po3BHTK}' HRYKH i rexuiKH "HooiTHi Ta 

pecypco36epiraJO'li TeXHOJIOrii B npOMHCJIOBOCTi, etteprenu.i;i Ta 

arponpoMHCJIOBOM)' KOMOJieKci" Ha 2006-2010 poKH. 

Mna .11.~eei.. MeroJO po6om c po3po6JJeeH.11 nporpaMH i 

MeTO.ztHKH npose.11.eHH.11 .11.0CJiizvtceHh 3RB8HT3llCCHIDI KapeTKH Jie6i.zual, 

D,OCJiizvtceuH.11 3aJJC)l(Hocti lf3CTOTH i &llUiiyYD.H KOJIHB3Hb HCC)"fOro i 
TI1roB0-88HTa)l(OniitiiiM3JlhHHX Katlario B 38JJC)l(HOCTi Bill KOHCtpYKTHBHHX 

napaMerpie. 

Pe:JyJJbTIITH .11.ocJdt1)KCHb. Po3r.lllltteMO KOJIHBBHHll CHCTeMH ni.D; 

'IBC 3aoatmmCHH.ll K8p«KH Jie6i.zurn. To.zti po3Jl8XYHKOBY CXeM)' MO)klf8 

Ope,Q,CTBBHTH y BHJJ.i. 
/ 

(if 

mg 

Puc. I. PoopaxyttKOoa cxeMa 3aoaHTIDKeHHJ1 KRpeYKH 
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}lIDI TaKOi CHCTCMH piBHJIHHJI 38BalfTIPICCHIVI 6y.nyn. M8TJI BH,.11. (2]: 

:, (;:)- :: =Q,:) 
~ (::)- : =Q,. 

( l) 

,[l.1u1 ,n:OCJJiJvlceHHJI y3ara111,ueHi CHJJH Q1 i Q, . ueo6xi.ztHo ea.u;ani 

CHCTeMi MOlKJlHBi HaJICJKHi RepeMiW:CHHJI (3]. 
Ilpu &p >- 0 , y = const, 

Ilpa Oy>-0, rp=const, 

&41 = (m1 • g-C • .,. · y )·Dy. 

On.e, 
Q,=Moo-m1·g·'l; 

Qi=m1 ·g-C..,,·y, (2) 

JJ.e m1 - Maca 6apa6aH)'; m1 - Maca BaHTrutCY; " - pa,zdyc 6apa6auy; 

M""' - o6epTOsuft MOMeHT Ha 6apa6aHi . 
KiHCTH'IH}' eeeprilO CHCTeMH MOllCHa BH3H3'1HTH 3 piseocri : 

T=T,+T1• (3) 

B )],aHOMy suna.n:K}': / 1 = m1 · .,
1

; 

V1 =V.+v~ i V1 =y-'l·'fJ. 

ar =m, ·•' •'f'-m, ·•·(y-v·q>):) 

""' ar ay =m,·(y-v·q>). 

ar =ar =O. 
a"' ay 
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fli.!lCTaBJlJllO'IH 3H3~CHi BCJlH'IHH 3 U:HX 3aJIC)l(H0CTeii 8 piBH.llHHH 

( l) OlpHM3£MO: 

m1 +m1 ·'l·rp-mi·Y==---m_.·g; ( ) .. .. M 00 } 

-m
1 

·'1·¢+m
1 

• Y=m
1 

• Y=
11

m
1 

• g-C..., · y. (?) 

Buny'IHBWH 3 piBIDIHb (7) 11· ¢, otpHMa£MO ,ll;Hil>epeartiifHe 

piBHllHHll Bi,!UIOCHUX KOJIHBa.Hb CHCTeMH, JIKi 3.lliffCHIOIOTbCJI 3 '13CTKOIO K: 

.. K' Moo (8) y+ ·y=--+g, 
m1·'l 

K - 'laCTOTa Bi.llbHHX KOJUl83Hb CHCTeMH, l/c. 
A6COJIKlTHHff pyx BaHTillK)' BHKOH)'eTbCll 3a 3aKOHOM S = y - 'l.'(/J. 

l.{eU pyx, JIK i o6epTaHHJI 6apa6rury cynpoBO.IVK)'CT'bCJI KOJIHBaHHHMH 3 

'13CTOTOIO K. 
3ara.m.HHH po3B0

Jl30K piBHllHHll (8) MO:lKHa npe.!lCTilBHTH y BHr.llll.D:i: 
y=y,+yz, (9) 

Y,+K 2 ·y1 ::=0; y 1 ,,,,A·sin(kt+a), (IO) 

A- aMn.niryn KOJIHBaHb, M; a - OO'laTKOBa t)aJa. rpan,. 
Moo g 

..slKW.O Mor;= const, B = 
2 

+-, . 
K ·m

1
·1i K· 

3araJibHHii po3B'J130K npnHMe BHr.Jlll.D:: 

y=A·sin(kt+a)+ 
1
M«> +-~.. (ll} 

K ·m1 ·'1 K 

.HKW:O o6eproBHii MOMCHT 3MiHIOeTbCJ( la neBHHM laKOHOM, 

Mor; "'M·sin(pt),ro,11;i 

Yi"'B·sin(pt)+D; 

Y1 "'B, ·COS pt; 

'j,=-Bp2 ·sinpt; 

2 • , M·sinpt 
-Bp ·s1npt+K-D:. +g. 

3si.11.cu- Bp1 +K1 B=__!!!_: 
m, ·'I 
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B = ( ). m1 ·'I· K 1 
- p 2 

M 
(12) 

K 1P=g; D=~. 
K 

3araJJLHHii po3B'Sl.30K npHiiMe BUll 

y=A·sin(kt+a)+ (M' 1 )·sinpt+~. (13) 
m1 ·11· K·-p K 

y BHil!l,11,K)' pe30HaHcy 

y2 =B·t·cospt+D; 

y1 =B·cos(pt)-B·p·t·sinpt; 

ji1 = -B· p·sin pt- B· p·sin pt-

-B · p 1 ·I ·cos pt"' -28 · p ·sin pt- p 1 
• B·cos pt; 

(14) 

3-C_ =30 D=J.,. 
K· 

38.J(Off BHMYWeHHX KOJUIBaJfh npu pe30H8HCi npuAMe BJUl 

M 
Yi = - ·I ·COS pt. (15) 

m1 ·'1·2p 

IlpH 38,A8HHX OCHOBHHX napaMerpax YC'ra.HOBKH Ta peJ1CHMi 

eKCnJIYaTIW.ii MO;KHa o6'1HCJJHTH 'laCTOTH K ta P , a TaKOlK JHaiint: 

JJOrapHcl>Mi'IHHii .llCKpHMeHT 33'J'YX8HHH n • nicmr <fOro ODTHMiJyBaTH 

~ . 2n 
't'JffKUno Meru: a = K . 

HaBe.lleMO iracosi 3aJlelKHOCTi lfacTOTH i aMDJliTY.IUI KODHBaHI> 

eecy'loro i TJU'OBO-BaHTa.lKonUtiitMan1>uoro KaHaTiB J1)IJI ycnuroBKH, cxeMa 
JIKOi Il0Ka33H3. Ha {puc.2). AHaJiiJ CHCTeMH piBHJIHL, OTpHMaHHX 3 

la.Jle»CHocTi, BHKOHaHO MCTOJJ;OM fayca 33 ,llODOMOrOKl 08.f(e'l)' nporpaM 

~<MATHEMATICA FOR WINDOWS)). 
Aeanil BHKOHaHO ,!l,Jlll BHDa,!l.K)': uecyquii KaH8T rocT 2688, 

n=2,0; f ...,11 == ;
0 

; TI1roBO-saHTruKoni.afioMunA KauaT rOCT 2688; n=J,O; 

D 6 =200 MM; V = 5 Mic, Ha puc. 3 noKa.Jauo rpa$i'lui Jane.Keocri '13CTOTH 

KOJIHBaHI> KaHariB Bi.A napaMetpiB ycrauOBKH. 
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, 

, 
Puc. 2. Po3pax}'HKOBa cxeMa 6araronpoJibOTHOI yCTilHOBKH 3 sepxuiM 

' 
polMiWCHHRM npuso.n;y 

' 
A A 

I I I I I 
' I 

~ (' 

_, 
I I I _, 

v _, 
' ' v ''. x ~ )) I )7 

~, 
_, -.;ru flri ll!J< -1..'%" «3;-Jm"1-1.6.5J 

•) 

;lt-f+-Hc-1+-tt--Hc-ft-j'-\-++-tj 
t ' ft-t-H-++t-H-++~1-t+t-H-j 

' ' 
; 

' ' ,, 
_, _, 
_, 
_, 

' 1 I 0 "" ' A I .!Ii n -" 
~; l8 ;-J<B7 J$1-to9J i/JJJ Oo7<>1.<J>li'lle!llJ119 

<c 

6) 
·------~------, 
' r-~---------~--j 

;t-\Hf-it-\ttt-tt-\HHH'*f;f--\ttl-tH 
'i---+-+--1-4--lHf--->+--l-<-i 
,f-~~~~~~~--~~-j 

,Cc-~c,~=,,-=,~ ,o,~c,~c,,-o,,-c_vci 

aj rj 
Puc 3. qacoei 3aJICJKuocri nepeMimeu1. uecyqoro Kanaty npH Q = 16 KH: 

a=20°: z=200M 
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Ha OCHOBi OTpHMaHHX rpaq,itcis BCTaHOBJlCHO, mo '18CTOTI\ 

KOJIHBatlb Hecy'loro KaHRT)' B OCHOBHOMy 33Jle:anrn. Bill BeJJH'IHHH 

cnissiauorneuall f 11. Ilpu nocTii:tnoM)' f 11 JMiua .!IOB*""" IIpOJI1>01)' 

YCTaHOBKH npalITH'IHO He BRJIHB3£ ea '13CT0TY KOJIHBaHL KaHaty. Ilpu 

BH6paHHX napaMerpax ycraHOBKH 'l3CTOTH KOJIHBaHh uecyqoro i TIU'OBO~ 
BaHTiUICHoro ni,n.HiMan1>eoro 11:anaris ee cnisnazuuon., T06ro npn TilKUX 
yMoeax po6oTH ycrattoBKH JIBHlll8 pe30HRHcy ue 6y,1te. 

! 
' 

! 
' 

' I 
.; 

! 

' 

! 

' 

' 
! 

' .; 
' 
.; 

,., 

A A A A 

\.! 

I 
! 
; 

' i 
v i 

a) 

; 

I 
' 

I 

i 
I 

r I, i o 1rlr ' u I.; llil I u I» I Ji 

j l-2"!ii~ !~121'1'l -('.:f'l.«,1'11l'~h~1)!,,,1·!i'Ol-1<r 

' 

' 
'"' ~~~~~~~~~~~~_., 
.;: • 1 < I ,; I ~ I r I t i i1 I 3 I NI 12 I ~ I n 

6) 
; 

; 

' 
' A 

' II II /I 
' 

't-l II \ 
v ,, 

, 
, 

' I i I ; ! v I ~ ! i!> l!\111.~1~1.<t 
1-'ll'l l l·!o:.<'l:Uil,·<''lij;:l!<,-!5lSIJA". /.;& ·01'tl .'1J 

a) r) 
Puc. 4. liacoei 33.JlC)l(HocTi. nepcMiw,eui. uecyqoro Kaua;y npu Q = 32 kH; 

a=20°; z=200 M 
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I 

" I 
I \ I \ I \ I \ I \ 

I I I I \ I \ I I 
~rs I 

. 
I I I I I \ I \ 

' ' , ' , ' , 
" ' ' ' ; c " ' • ll 1 /!, /71JJ1JJ , ~ 

I im11:u !1>71 2.(/'l) t>w1a.'i.l711;491rw.i1aa im12;s>;1~ f978 ltli' 

I 

" ' I\ ' , ' ' , '' 
M ' ' ' ' 
' 

I I I I I I I I I I I I I I I 
v v " ' ' ' ·M ., 

' ' ; c II I ~ • " 
, 

" .c ll JO I J9 
; !)856 -1'.FI '" -OJJ6 iJ9'J!iJ6871-0187 !'89 -IJU 117S .,a 'w '~' m ,, 

PHc.5. qacosi 3aJIC)l(HOCTi nepeMiW:eHi. n1:roBO-BllHTIUIConiJ:IiHMWihHOro 

KaHaty npu mb = 1600 KT; a= 20-· 
., 

~[ 
2S 
20 
IS 
1 

as 
0 

L ' 
2 '·' 
1 ' ·' 

' ~ 

-
'lJ w liO 2llJ JI/ :00 /.(J) lROX m 2SO 

a) • 

' kc 
ZS 
zo 
15 
1 

as 
0 

' : 

' 
' L' l ' 

SV 15202SJOJS0,1 
• 6) 

Puc. 6. qacTOTa KOJIHBani. KB.Halie: a) Hecyqoro Kanaty: 1-Q = 8 KH; 

2-Q=l6KH; 3-Q=32KH; 6) TIITOBO-BattTIUKoniJ:IiiiMaJihHOrQ 

KaHaty: 1-C,_ =10 KHIM; 2-Cc....., =20 KHIM; 

3-Ccucm =30KJllM. 

BHCHOBKH: , 
1 

I. Polpo6J1eHa MC'ro.UHICa BH3Ha'ICHfUI CIUIH HaTiuy ICaHa'I)' B 

38.JIC)l(HOcTi BiJ:I KOHC1J>YKUii' ycraHOBKH. 

2. OrpHMaHi rpa.piquj 3aJIC)l(HOCTi Ta BCTilHOBJICHO, w:o 
'18-CTOTa KOJIH83Hh eecyqoro K3H31}' B OCHOBHOM)' 3aJIC)l(HTh BiJ:I BeJJH'IHHH 

cnieeiJ:IHoweHIUI f 11 npH nocTiAHoMy f I I 3Mitta .u;oeJKuun npoJ1h01}' 

ycraHOBKH DpaKTH'IHO He B{[JIHBll( Ha qact'Ol)' KOJIHB3Hh Ka.Baty. 
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JlyllbKHii HauiOHaJlbHHH TeXHi'IHtrii yeisepcHTeT 

TEOPETH'IHE AOCfilAJl<EHHll nPOl.lECY BJAAlnEHHll 
eonon1 3 03EPHOro CAnPOnEJJIO y rBHHTOBOMY nPECI 

Y cmammi Na8ede110 meopemu1111uii a11aJli3 cmuc11eHHR 8 'R3KOZO 
cepe0o6uu,a y uu11moe0My npeci. BU3Ha'leHO 8TVlU8 IWHCmpyK.mu8HUX 
napaMempi8 ma pe:»cUMitJ po6omu npeca Ha 8iOOi.rieHHR 2pa8imaqiiino'i ma 
CJ1D6o38 Juanoi' 8011021' b canponemo. 
BOJIOr A, CAIIPODEJI~ KAME PA, I'BHHT, HADPYEEHIUI. 

Doc:nieoe1ea npofi.lleMH. Canponenb - ue npo,D;)'KT sizucnaaeHb 
.D.OHHHX OOKJla.lliB npicHOBO.ll.HHX 03ep, 111ci yrsopHTHCb B pc3y.m.nTi 
6ioxiMi'IHHX, MiKJ'O<l>i6io.nori<i:HlfX ta ¢ii3HI<O-Mex!llli'IHllX npoueciB i3 

3aJIHWtciB, .suci 'l8Ce.lllll0Tb BO,D.Oi1My 03epa TBapHHHHX Ta pocnHHHHX 
opraui3MiB, a TilKOlK npHHOCHHX 80.D.OlO Ta BiYpOM Opra.Hi'IHHX Ta 
MiHepallbHHX pe'IOBHH. 3a BMiCTOM MiKpo- Ta MBKpOCJICMeHTiB, oco6Jllfe.o 
3aCBOIOBaHKX <(:iopM aJOTy. ffRj!BffOcri 4ii1ionOri'IHHX IUCTHBHHX pe<i:OBHH 

canponeni. 11Bml£TbCjf UiHHHM opra.Hi'IHHM .uo6pHBOM (I}. 
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Canponeni. CKJlaJl&(ThCJI J MiHepaJii.Hoi Ta opraHi'IHOi 'laCTHH. 

Mitteparri.aa ynopKl(TLCJI. B peJym.TitTi BKDan3HHll 3 B0,!1,HHX po3<i:HHiB 

eJJeMeHTiB lOJJLHOi 'lacTHHH 6ioMacH, rnuuu, nicgy i T.n. Opratti'IHa - e 
pe3yn1>TaTi aHaepo6uoro 6ioxiMi<ieoro- po3KJiaJ]eHHSI. 6ioMacu 3 i"i 
H8C1)'IlHHM pecHHTe30M MiKpoopraHiJMiB. 

MiHepaJILHa '18CTHH3 03CpHHX canponenis, .llBJl.llE co6oto OCHOBHY 

CK.118Jl.OBY canponenesoro .no6puea, JUCa MiCTHTD TaKi eJJeMeHTH inc: 
Co, Mn, Cu, B, Zn, Br, Mo, V, Cr, Be, Ni, Ag, Sn, Pb, As, Ba, Sr, Ti. 
Canponenese .no6puso 6araTe ua BiTilMiHH rpynu B (BI, B 12, B3, 86), 
E, C, D, P, KapariHoi.!laMH, 6arari.Ma 4>epMeHTaMH, HanpHKJJazt KaTIUla38MH, 
nepOKCH,D,alaMH, petcyKTalaMH, npoTC838MH [2]. 

Canponenesa raJ1y31. £ nepcnekTIIBHHM uanpllMKOM 30euiwHw
Toprieeru.uux Bi.zlHOCHH 3 po3BHHCHHMH Kpai'HaMH. y 6aran.ox KpaiHax 
cnocrepira£TI.CJ1 6ypxnueuH poJeHTOK y .a;aHOMy HftIIJlllMK)' rocno.napcbKoi" 
.niH111>HocTi. Tax, Ti111>KH y OMc1>KiH o611ac-ri Pocif:ic1>Kol <lle.nepauii» CTaHOM 

Ha 2008 p BHJJ,in:eHO Ha .no6yBaHHH i nepepo6rcy canponenro 19,8 MJIP.D. py6, 
Micuesi ni,u.npnEMUi 3 ycnixoM peMi3yJOTu csoi° nporpaMu i He nocniIIIaJOTE> 

Bizl. HHX Bi,n.MOBJIHThCI> (3). 
0cHOBHOIO npo6neMOJO, HK3 DOCTaE: nepe.n canponeneBOIO ra.JIY33K> 

- BHCOka npupo.nua BOJloricn. MaTepiany, WO YCKJJ3.QHIOC npouec 
3HeBO;:i:HeHHH. Ilpupo.nne 3HCBO.llHCHHJI CTaE aee<f>eKnt:BHHM 'lepe3 

lpHBMiCTE> npouecy rn 3HH*eHHH HKiCHHX nOKa3HHKiB. ToMy, notpi6eo 

IIl)'K8.TH WJUIXH 3HIDKCHHH BOJiorocTi Marepiany Bi.ztpa:JY nicIDI .ll06yBaHHH 3 
BO.llOiiMH 336eJne<1HBIIIH HH3&Ki eeepr038.TpaTH npouecy. 

Auuh ottauuix .llOCJ1Wtten1o ny6Jliuu;iii. Pe3}'JJE>TaTH 
.nocni;vKee1> BJiacTHBOcreA canponenJO BK33YKlTI> ea re, mo y canponeru1x 

npHCyrHH rpasiTilltiiieoi° Ta c11a6o3B'Hl!UIOY tPopMH BOnOrH, HaJIBHiCTb 

TaKHX 4K>PM BOJIOrH ,ll,03BOIDI£ i'x BHJJ,aJIJITH 3 Marepiany Mexani<iHHM 
cnoco6oM [4]. Bi.noMO npo MO>K.11HBiCTb BHJ{aJICHHJI TaICOi° BOJJOnl ni.n <iac 

.no6yBaHHH canponeniB [5], ane TiJ11>KH He3Ha'IHoi· iT 'laCTHHH. Bpaxosyro<in 

cneuu<(li<iHi BJJaCTHBocTi canpone.niB, 3HCBO,ll,HCHHJI Mexaei<iHHM cnoco6oM 

.ll03BOJJIITE> 3MCHIIIHTH eHeprent'IHi 3aTpaTH Ha 3HCBO.D;HCHHH, a TaKO* 

.ll03BOJJHTI. 36eperrH HKiCHi BJJacTHBOCTi Ha nepwoMy etani MexaHi30BaHOI 
TeXHOJJOrii°. 

MeTa aocni,ivKeeuB. Teope'TH'IHO BCTa.Hosmu 3Ha'l}'micT& 

napaMeq>iB i pe*HMiB po60TH rBHHTOBOrO npeea AJ]H piBHOMipuoro 
CTHCKaHHJI B'H3KOro cepe.nOBHJJta 3 MeTOIO Bi;mineHHJI BOJJOrH. 

PC3yJ1bT8TH JJ.OCJ1i.loKen•. HMBHicn. sin1>eoi° Bonoru .11:0 20o/o y 

03epHHX canponenHX JJ.03BOJIH£ iioro po3rJJll.llaTH lri.UHO reopil 
KOHCOJJi.nartil, HK llBOCHCTeMHC cepe.nosuwe, y HKOMy BHJJ,aJICHHJI BO.!l,H 6y,1J,e 
si,a.6ysamc1> Ill,!I, 'lac piBHOMipaoro CTHCKmlHJI BHKJllO'IHBWH 
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nepeMiWyBa.HIUI y KOJIO'i)J;Hy Macy. Jl.onycrnMO, 1110 JJ.CXKHif o6'£M 
canponeJUO niiuuuon. CTHCKy. Ilpu UDOMY pomineHHR .!180X CHCTeM 

TBep.11oi' 4>a:Ju i pii:UtHH ei.n6ynaCT1>CR 6e3 JMiHH Ix BJlaCTHBOcreii, ro6ro 
o6'£MH cuCTeM He 3Mimorou.c11. B Jara.JibHOM)' BMna,zucy B3a£MO.lliR 

rBHHrOBOro ymi.llbHIOBa'la 3 cepe.D.OBHUlCM (canponeJieM) MOlKC 6yrn 
npe.n;craeneea cxeMOIO pnc. I. 

x q, 

R 

e 0 

Puc. I. CxeMa JJ.O at13Jll3)' nepeMlW.CHHll canponeJIIO B rBHHTOBOMY npeci 

B cepe,l{OBHW:i npucymi WBH.UKocri pyxy u, v,w y UHJiiff.'-PH'IHiii 
CHCTeMi KOOp.11.HHaT XR{J . 

lliBH.nKocri nepeMiW:CHh cepc.ll:OBHIQa H8 nosepXHi KOHTalC'I)' 
BHp8)K8:toTI.Cll H3C'I)'DHHM 'IHHOM: 

u0 =rtga/w;w0 =1J1Wr;v0=0 (I) 

,11,e r - llHYll'imuiii. pa,n,iyc rauma; a - KYl' uaximy I'BHHTOBO°i niui"l; 
IJI - Koe4>iui£HT TeJ>T•· 

B U.HJ1iH.npH11eiii cncreMi Koop.nueaT piBtu1H1U1 piBHOB8flt 
Cepe.llOBHll{3. (canponeJIK>) Ma£ BHrIDl,IJ,: 

Bar a, -a/) Or,-6 Or.,. K O --+ +--+--+p = . 
Or r r88 fJx ' ' 

o<,, 2 .rlJ Oa9 Orxt1 K O· --+ -+--+--+p ,=. ar r rae Ox 

ar,. T,., Or.a aa~ K 0 --+-+--+--+p = 
Or r riJB fJx -' ' 

(2) 

kOMnoueHTH uanpy:lkCHb y cepe.nosnwi; 

K,,K8 ,Kx - Macosi cunu ( M/c2
); p • ryCTHHa canponc1uo. 

3e'J130K lllBHJIKOCTCH nepeMiWeHb 3 lUBH,ll,KOCTJIMH .ne<tiopMauiii 

BHlCOpHCTaBWH piBHJIHHl'I Kowi (61 M3€ BHr.Jlll'A: 
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. 1Jv 
E =-· 

r ar, 
. I aw v 
e =--+-· 

(J rOB r' 

. au 
& =-· , Ox. 

. 1Jv au 
r_.,.""ax+ar; 

. Ou aw r --+-· 
-"' - rOB Ox ' 

f =(r!._(")+.!.1Jv) 
'
6 Or r rOO 

(3) 

.llC i,,£8 ,i,,f . .,,.,fxQ,f..o KOMDOHCHTH WBH.llKOCTeff Til K}'TOBHX 

.11e4>opMaqili.. 
To.ni UIBJ.l.!IKiCTL o6'mttoi ;:i;eljiopMauii: 

OuOvawv. 
-+-+-+-;;;3& (4) 
Ox Or rfJB r 

IlpHiiMaIO'IH ..!IO ysare, mo Koe4>iui£HT Ilyaccoua .lVlR canpone;no 
piBHJ.di v ""' 0.5 , MQ)l(Ha eupiwlITH 38,lla'I)' ,ll,elflopMauiA i THCKiB, JIK JlJl1I 

B'J13kOro Cepe;J;OBHtna B fBHHTOBOMY npeci JlJUI BH3Hal!CHHJI ,ll;HHaMi'IHHX i 
KiHeMaTH'IHHX ii:oro napaMerpie. PiBIDIHHJI 3e'HlK)' nanpy.'lKeHb Ji 
WBJ.l.!lKOCTIIMH )],eq,opMau:iii JlJl1I B'J13KOrO cepe,11;oeuwa [7] MfilOTlo BHf.RJUI: 

(BHIIMOK KonH KOe4>hi;i£HT Ilyaccona 6nH3bKHH )],0 v ,. 0.5 ), WO 

Bi.llJIOBiAae BBacTHBOCTIIM canponemo: 

a, I 
a,"" 3µ ax +1(ae +a,); 

1Jv I 
a,=3µ ar +2(a8+a,); 

(5) 
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.a.e µ - 8
1
R3KiCTh cepe,o;OBHW:a (fla·c). 

06'€MHe HaIIppKCHHll noe'.11Jaue 3 KOMDOHCHTaMH Hanp)')ICCHh 

uacrynHHM 'IHHOM: 

3Bi.ll.KH 

(a8 +a,)=-30'-ax; (u8 +<7,)=-3o'-u,;} 

(a, +ax)= -3CF-<78 

3 upaxyB&tHllM (5) BHpa3 (7) H86YBa£ BHrJUl,lcy: 

ilu 
O'x = 2µ ax -a; 

av 
a, =2µ--a; ar 
<78 = 2µ( aw +!'..)+u; 

r08 r 

r : µ(ilu +av)· 
"" Or Ox ' 

r =µ(aw+.!. 8v _!!.)· 
,.g fJr T fj(} T ' 

r,9 =µ(au +aw)· 
r08 Ox 

(6) 

(7) 

(8) 

BHpa3HBWH il (8) KOMnoueum .u:eQ>opMtUJ;iit: OTpHMY€MO l}lilll'IHC 
piBHllHHll 3B

1
ll31C)' WBH.llKOCTeii .ne¢lopMau:iii 3 Hanp)'lkCHHllMH (e'RJKOro 

CTaH)' cepe.noeuw:a): 

t, = ~: = 3~ ( (J. - icu, + q.)); 

(9) 

i ... ('~(~)+-'-(!!_))· -'-'·•· Or r r 08 µ 
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Ili,uCTaBHMO (8) B (9) i BHpa3HMO Hanp)')ICeHHll '1Cpe3 .ue$>pMauii, 
llKi BXOJVITL B HHX, nepeMiW:eHHllMH 83,!J,OBiK oceM:: 

a =2µ0v -a· 
' (ff ' 

ao=lµ(.!. Ow +~)-u; 
r rfJO ,. 

au 
ax=2µ--a; ax 

•rs=µ('"'+ au); & a, 

'JtJJ = µ(r~O +: ); 
r,,=µ(' !(:)+~!;) 

(IO) 

PiBHi!HHJI HCCTHCK8HHJI cepc.zi;osuw:a (.D.IDI BHDa.ztKY 'IHCTOi 

B'JllKOCri): 

ix+ia+i,=0 . 
.[{ml BHflaJIKy- BJl3KODp)')ICHocri: 

Ex+&a+E, a 
3 K' 

.11,e K- MO.QYJlL o6'€MHOY llecl;>opMairii 

(11) 

(12) 

HaitBa:IKll.HBiUIHM DOK33HHKOM, JIKHi:t 6y.ny 336e3RC1fYB3TH )'MOBY 

sizutineHHJI BOJIOrH j3 canpone.JHO npHRMa€MO 3rizulo (8) Koeqtiu:i€HT 

iHTeHCHBHOcTi HanpylKCHH.11 kin. 

kin = --,~="~~~ 
f,2 +r2 +r1 

"" JtiJ ,g 

(13) 

CaMe ueH KoetlJiu:i£HT u:e si.ztHOlllCHHJI rinpocT!lTH'IHOro 
uanpy<KCHHJI /1.0 iHTeHCHBHocri JIK cepe,!UihOKBa,zqnl'I'H'IHHX 3CyBHHX 

eanpy;iceHb, a TOMY 'IHM 6iJILUIHH kin THM 6iJILlll8 6y;:i:e BOJIOroBi.Ma'la. 

_nat1nH KOe$itticHT 6y.ae BH3H8'1allbHHM npH CTMCHCHHi nocHCTeMHOfO 

cepe.itOBHI118 j3 36epe;KCHHJIM Kalli.rulpis .!Lilli sizutineHHJI BO.IIOfH. 

BHkOpHCTaBWH nporpaMHe :Ja6e3ne'lenu.11 Mathematica 7.0, ni.a;CTaBHBDIH 
ueo6xi.nui 1uaqeuu.11 seJIH4HH mput.1y£MO rpa$i4ui iHTCpnpeTauii (puc. 2) 
3aJIC)KHOCTi Koe$iui£HTil iHTCHCHBHOCTi uanpy}KeHHR Bi.a; T8.KHX BeJIH'IHH llK 
pa.niyc R , kpoK rBHHTa A. , K}'T nin.HOM)' rauurosoi· ninil a Til 'laCTOTH 
o6epTaHlUI JllHHTa (ti • 
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" 

o) 6) 

•• 

•) ,, 
Puc. 2. 3aneJKHiCTh Koe4>iu;i£HT8 iHreecueeocTi. Hanpy'8:eHHH kin eizt 

a) pa,ztiyca fBHHTa nt iioro <1aCTOTH o6eprnHHJI; 6) IC)"I'8 H8XHJIY 
fBHIITOBoi· .nieil Ta "18CTOTH o6eJYillHHSI rBHHTll; B) KpOK)' IBHHTll Ta 

iioro '18CTOTH o6epTaHHJ1; r) K}'TR H8XHJIY fBHHTOBOi niui'i Ta 

pa11iyca fBHHTll 

3 puc. 2 BH,D,HO, w:o "18CTOTa o6epT3HHJI pa30M y KOH4>irypau;ii 3 
reoMetpH'IHHMH napaMetp3MH fBHHTOBOro po6o'loro oprauy cyTIE:BO He 
BOJJl.188£ Ha npou.ec eiJul;ineHWI CJJa6o3B'Jl3aHOi BOJIOfH. TOM}', TeOperH'IHO 

BCTILHOBJICHO, w:o BH3Ha'lanhHHii BDJIHB Ha 3HCBO.D,HCHHR canpooe.lllO 

6yll)'Tb MRTHMyrb nuwe KOHClpYkTHBHi napaMetpH fBHHTOBOfO po6o'IOf0 

opraJJy. 
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BHCHOBOK. Ilpose,neHi TeopeTH'IHi .nocni,a)KeHHJI Til pG3paxyHOK 

napaMeTpiB 3 BHKOpHCTaHHJIM KOMn'IOTCpHOi' TexHiKH B3a£MO.!lii' fBHHTOBOi' 

noeepxei iJ canponeneM, naK>TI> MO;fCJIHBiCTh BH3Ha<IHTH reoMeTpl.f'IHi 
napaMCTpH po6om npHClpOIO ,D,Jl.11 Bi.n.D;iJJCHH.11 BiJILHOi' BO,U:H B npou:eci 

JHCBO)lHCHHll canpOOCJllO 33 YMOBH piBHOMipuoro CTHCkaHHR B '.llJKOro 

cepe.110BHII{8. 
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y ,llK 621. 82 

© B.<1>. Jl.i.ayx, .a.T.tt.; C.<l>. Ea6apHKa 
JlyULKllA uauiOHaJlbHHii Textti'IHHii yttisepcttTeT 

O.JI. Jb:rnyK K.T.tt.; LE>. reaKo, K.T.H. 
TepttoniJJLCbKHii ttauio1-1an1.euil: rexui<i:ttuii yttiaepcHTeT iMetti Isatta IlynKHI. 

MATEMATll'IHA MOAEnb KOflllBAHb WHEKA P050'10ro 
OPrAHY MAWl1Hl1 llflfl P03Kl1,QAHHfl A05Pl18 

flpu8eiJeHo Mo<leiib HaeaHma:HCeNo tuHei<a po6o"ozo opzaHy 
,WOUJUHU 0.llR 6HeCeHHR opi?aNi'IHUX iJo6pue po3maUJ080H020 y eepmUK{IJ/bHiii 

W1014uui. 3anponoHoeaHa iiozo po3paxyHK06a cxeMa npu uaeaHma:NCeHHi 
canponeJIRMU. llpeiJcma8JleHO Mame.MOfflU'IHY ,Wai>eJlb 1(0JlU60Hb UJHeKa iJJIJI_ 
eu311a11e11H11 awnnimy0110-'1acmomHux xapaKmepucmuK 01JiHKU 
MO:JIC!IU(J()Cffli 8UHUKH€HHJl pe30HOHcy. 

WHEK, ,!(06PHBA, P03KH,l(AHIDI ,!(06PHB, KOJIHBAHH11, 
MO,l(EJib, PE30HAHC. 

IlOCTaHOBK3 npo6.neMlt. 0JUIHM j3 nepcnCKTHBHHX HanpJIMKiB 

BiJl,HOBHCHlill pomo'IOCTi rpyuTiB B .11epJ1CaBi £ BHKopHCTaHHJI B JIKOCTi 

opratti'IHHX .uo6ptte canpone.niB npicHOBOJlHHX o:rep, ua J1Ki 6ararn uarna 
JlepllraBa. 

)l,nJI WHpOKOro BHKOpHCTaHHJI 3Ha'IHHX lanacie canponenis 
ueo6xi.D,uo Y.llOCKOHMIOBaTH BiJI.oMi Ta CTBOplOBaTH HOBi 3aco6u 
Mexaui33Uil BtteceuuR canponeJiiB u rpym. Po6o'li opraHH TaKHX MawHH 
OTpHMYJOTh 3H3'-1Hi uauauTIUKeHHJI, RKi BHKllHK3IOTh y HHX ui6pauiH:ui 
KOnHBaHu.11, mo nepe,a:ruoTWJI ua MT A B npoueci eKCU.l!)'aTauii. 

AuaJJil ocrauuix ,!J,OCJliJl)l(eui. ra nyiSJiilcau:iii. IlHTaHHJIM 
J.(o6yeaHHJI i BHKOpHCTaHHR canponeniu UpHCBR'leHi npau.i uinoro PJl.!IY 
B'leHHX pi3uux Kpai·u. O.nuax:, plUI. nHTaui., nos'a3attux 3 po3po6neHHJIM 
rexHonori'IHHX npouecie, po6o•n1x oprauie i Marnuu JJ.JIR noeepxueeoro 
BHeceHHJI HOBHX, TaKHX JlK canponeni, opraui'-IHHX ,!.1;o6pHB 3 MeTOIO 
nin.BHUJ;eHHJI pOJllO'locti rpyHTiB ).l;OCJiizvtceui He,!.l;OCT8THb0. 

3anponouoeaai HOBi KOHCTpyKuil po6o'-1HX opraHiB M3llIHH JlIDI 

eueceuHJI opraui'IHHX .no6pue BHMaraJOn. TpHBaJIHX sunpo6ysaui. [1,2]. 
ToMy, cTeopeuug MaTeMaTU'IHHX Mo,a:enei-i 11 npoueci .!lOcnia,JKeui. 
.llOUOMOJKe Btt6paT11 npaBeJlbHi lllJUlXH B.llOCKOHaneuug JIK po6o'IHX oprauiB, 
TaK I MalllHHH B UIJlOMy. 

Mera ;:i;oCJJi.11.JKeuus. MeTOJO .!lOCni.IvtceuuJl t nornyK wn•xie 
y;:i;ocKOHanettuJI KOHcrpy1a1ii' MRWHH i rBHHTOBlfX po6o'IHX oprauiB JJ.JIJI 
p03KHll.3HHJl canponenia, JlK opratti'IHMX ;:i;o6pHB '1epe3 CTBOpeHHJl 
M3TeM3TH'llUfX MO.ll,eJleti. 
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PelyJibTBTH .11,oCJ1i;nKenb. Y npaKTHUi npoeKT}'BattH.11 Mawuu lVI!i 

cyuiJibHOfO po3KH.ll3HH.ll TBep.!UIX opraHi'<IHitX .11o6pHB no TIOJJIO, B TOMY 

<tHCJli canponeJliB, y cneuia.nicTi.a i sqeunx BHHHKaC fOJIOBHC TIHT3HHS 
ll.1,0)],0 po3MiweHIDI po6o<tHX oprauiB fBHHTOBHX pOTOpHHX p03KH,D,a'liB - B 

ropH30HTaJlbHOMY 'IH BepTHKaJibHOM)' TIOJIQ)f(eHHi. ITpooinni !f>ipMH CBiTY 

Ha.itaKITL nepesary .11.pyroMy sapirurry poJMiw,eHHll po6011ux eneMeuris 
p-03KffJJ.3JO<fHX npHCipOi'B, .llKHil npn e1ecnnyarauii' c uaH6i.n:i.rn 

Oco6JJHBO B TIO'laTKOBHii MOMCHT "lacy po6oTH M3WHHH, KOJIH 

,1:106pHB y K}'30Bi MaIIIHHH naH6int.we i cepe,11; HbOfO 3HaxO.ll.llTbC.ll 33.TBep.lliJli 

BKJUO'ICHHll. IlpH UbOMY fBHHTOBi npHCTp0i
0 

cnpHHMalOTh 3H3'1Hi 

H3BaHTIDll'.CHHJl: j BH3H3'13IOTh naa,iiiuicn, po60TH MBWHHH B UiJJOM}'. 

Ha Be.JIH'IHHY nanpy;KCHh, mo BHHHK3JOTI. B eneMeHTax wueicy 
po60'l0f0 opraH)' Ta i'x 3HOCocTiHKicTb 3H3'1HHH BTIJIHB M31-0Th KOJIHBaHIDI. 

KoJU:!BaJIHJI. WHeKa cnpH<IHHeHi 3MiHOIO 3YCIUlb, w:o BHHHKaJOlb npn 

po3KHll,aHHin.o6pHB. Po1paxyHKOBa cxeMa wHeK)' po6o<Ioro opr:my 

OOKaJaHa Ha p11c. I. 
,UJui TaKOi CHCTeMH KpyrHJibHi KOJIHBaJIHll BOJIHB!UOTh Tin.bkH Ha 

Mh.UiiCTb CTOllKa. 8 3B'll3KJ' 3 THM, WO CKpyqyfO'iHff MOMeHT IIpHKJUl,IJ;CHHii 

ll,O Oll,HOro kiHUll, Kp}'THJlbHHH MOMeHT w:o BHHHka( B nonepe'iHOM)' 

nepepi1y CTOllKa 33yYX3C e Mipy ua6JIHJKeHHJI. D.O sepxui.oi onope. TOM}', 

B([JIHB KOJ1HB3Hb, WO BHHHk3JOTb nin. qac po60TH lllHeKa po6o<1oro oprauy 

MO»re 6yrH BpaxOBaJIO koeq,iui£HTOM JU{HaMi'iHOCTi npH poopaxyHK3X Ha 

Miuuicn. Ta )l(Opcn:icn (3, 4]. ~ u1>oro po1rmtHeMo no:moUCHi ra 
nonepe'iHi kOJJl.t:BaJIHJI., llki B 3H3':1HiH Mipi BITJIHBaJOTb, llk Ha po6ory CaMOro 

CTOJIK3, TaK i Ha onopui noeepxui .D:O Jl.KHX BiH KpiOHTi>Cjl, a, OTIKe, i ua 

MexaHilMH MawHHH B uinoMy. 

Po1rJillHCMO kOJIHeaHHll CTOJIKa lllHeKa po6oqoro opratty 

pOlKH.11.aJO'loro npnc-rpoto, rq>HitHJl.BWH, mo Ix no:moelKffi .ae¢iopMauiI He 

3B'J13aHi 3 nonepeqHHMH. 

PiBH.llHH.11 TIOlll.OB)l(HiX KOJIHBaJlb MO}K}la 1anHcaTH e uacryrruoMy 
BH.11.i (5): 

v. a2u1 = a2u; 
' 0y;2 iJtl 

(I) 

;:i;e i=l, 2, ...• n - HOMepH D.ilillHOK CTOllKa; V, - lllBHJJ.KiCTh nownpeHHJI. 

npj')KHOi XBltJli, i-: ::: E (£ i p - ei.nnoein.tto MO.!lYJJb IIPY*HOCTi Ta cepe,IUl.11 
p 

m.ini.uicT1> Marepiany); t - <1ac. Bepnuca.J1i.Hi 3yc1U1mt ua KpOIJi mHeka 

3piBHOBOOK)'fOTl>CH, TOMY rpaHH'!.Hi YMOBH iHTel"l'YBaHHH piBHHHHH (I) 

MOJKHa npell,CT3BHTH y BHJJ.i uacrynHHX piRHJl.Hb: 
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E,~i!JU11 m 0zu1(0,t)_CU (Ot)-0· 
ft-- - I Q z 0 0 • - ' 

0'1 1·-~o ~ • 

au 
EA~ =F; av,,.,, , 

Y('+tj•O 

£.,av.I a'v.(h.,t) =O 
,.. +mn 2 • 

Oyn Yo"... Gt 

y nponeci polpaxyHIC)' BHMymeHHX KOJIHBallh HaBaHTIUKeHHll F; 
Blf3Ha'l8.IOTI.CJI BHpalOM: 

F;=Frc·sin(l)f, (3) 

.ne Fye - ropH30ttfa.JlbH3 CKJ13,D,OB8. ai.rl, TMCK)' .no6pua, 111.-0 BHHHKaE: ni.n 'lac 

po6oTH wHeKa (3aneilnrr1> ai,n Macu canponenis Ta iioro ry-cncuu, a TaKOiK 
WBHJJ.Kocri o6epraHHJI rnueicy i MOiKe 6yTH 3Haii.D.eHa ei,aoMHMH MeTOll.aMH, 

LUO BHKOpucroayJOThCll npH po3paxyHK)' WHCKOBHX 'Fp&I-CHOpn:piB (6)); 
w - U,HKJli'ltta 'laCTOTa KOJIHBaHb. 

Po3a'J13KH piBHllHHR (I) ai;moai,a,ruon, rapMouiibmM KOJJHBaHHllM i 
MOlKY'fl> 6yrn 3al1HC3Hi B TaKOMY BHrJIJllli: 

U; =U1 (y1)·sinl0l'; i=l,2, ... ,n. (4) 

IliCID!. l1i.nCT8HOBKH 3H8'1CHIDI nepeMiW:CHIDI 3 piBIDIHH11 (4) B (1) 
O'lpHMBCMO piBHllHHJI 8MDJli1)'JJ.HKX <iiYHKUii:t: 

flu. m2 

-,-' +-
2 

=0; i=l,2, ... ,n. (5) 
Oyi fj 

PoJa'll:roK piBIUIHIUI (5), Jrin.uo Mero;zy noqan:oaMX napaMeTpiB, 
MOlKHa 00,llaTH B HaCTyDHOM)' lHt.ui: 

Y, (y,) ~ R,(y, )· Y, ( 0), (6) 
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"' •< Y, (y,) = U, (y, ); JI, (y,) = '°'v. y,; 
' 

'( ) v . "' "' R y =.....!...·s1n-·y-· oos-y. 
I I (l} i-: 1> V; i 

"' . "' v·sinvy,; 
' ' 

Y,'(y,) = U;(y, ); 

MH npe~CTaBHnH M8TeMaTH'IH)' MO.aeru. KOJIHBaHI. meeICa B 

3araJJbHOM)' Bll)];i • .nmi BH3H8'1eHHll aMHJJil)'.!IHO-'lacTOTHHX xapatcrepHCTHK 
i O'--liHKH MO)KllHBOCri BHHHKHeHWI pe30HaHcy ueo6xin:HO poopo6HTH 
anropHTM 'IHCJIOBOro po3B'Jl33HHll 33,lla<ri. 

m,,I, 

y 

~,, 
Kp 

PHc. l. Po3paxyuKosa cxeMa wueICa ,!IJVI po3KH,!laHHJI canponeJiis 

PiBHllHHll nonepe'IHHX KOJIHBaHb WHeKa MOllCHa OlpHMaTH, 

BHKOpHCTilBWH TeOpho 3I'HHaJlbHHX .ae$opMauiii [SJ: 
0 4w. Fx_ ·h; 0 2w. µ. ·h4 ·02w 
--;+-'-•--2'+ I I 2 '=0; (i=l,2, ... ,n); (7) 
ill;, El, ill;, El, ·ilt 
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.ne /., - OCbOBHH MOMeHT ittepuil nonepe11Horo nepepi3y wtteKa; F,, -

CTaTH'IHi CIDIH WO .!lilOTh Ha CTORK. 

3Ha<feHHJI 1103.!IOBlKHiX i nonepe'IHHX CHJl Ta 3rHHa.JlbHHX MOMCHTiB y 
nepepi3ax .!Ii.nJIHOK CTOJIKa BHlH31f3IOTI. 3aJJeikHOCTJIMH, (4]: 

N-=E·A·aU;. Q =-E·l_,.a~w •. M.=E·l_,·0
2
w,. (8 

' h ·8' ' ' h'·B'' ' h'·8'' ' ) 
I "'' ' .,,, / "'/ 

N1 = N0 ·sinm/; F; = F0 ·sinm;t; M; = M0 ·sinw/; (9) 

.ne N0; F0; M0 - ei.nnoeirluo aMnniT)'.llHi JHa"ICHIDI BepTHKWJbHOI Ta 
ropH30HTRnbHOi CHJI i lrHHWihHOfO MOMCH'r)'. 

Po1e'"JOK piBHJIHb (5), (7) siimosin:ac rapMOHiil:HHM KOJlHBattH.llM i 
MOiKC 6yru npe.ncTaBJieHHii H8CT)'IIHHMH BHpaJaMn: 

U, =U,(<,)·,inWI; m, =W,(4',)·,inWI; (Fl,2, .. .,n); (10) 

.ae U; (4, ); w; (i;, )- aMnJJiyY.aHi ¢1YHKuii no3.n0B)l(Hix i nonepequux 

nepeMiweub CTOJ!Ka. 
3 opaxyeaHH.llM JaJJCJKHOCTeii (10) piBHHHIUI (5) MOJKHa npe.nCT8BHTH 

B H8C'f)'RHOMY BHDi: 

aiu. w2 
--,-' +-, ·U, :O; (i""l,2, ... ,n); 
a<, >;-

(11) 

PoJB'X30K piBHHHHH (I l)MOlkHa OTpHMaTH, cKopucrnBwucn 

MeTO.!IOM DO'laTICOBHX napaMerpiB y uacrynuiH 4>opMi: 

X,(<,)=R,(4',)·X,(O), (12) 

t(rix 3a.U3HHX polMipiB CTOXK3 i BiitOMHX JOBHiwuix 1ycunE. piBHXHHX 

aMnJJi'I)'llHl.fX 4>YHKUiH ll.JIJI nonepe<i:HHX KOJIHB3HE. MOlkHa laDHC3TH B 

H3CT)'UHOMY Bruti: 

F 
,l'.l;e b2 =-'-· 

I EI ' 
• 

d~W d 2W 
d

414
; +b/ d

4
,/ -C4J.Yi = O; (i=l, 2, ... , n); (13) 

4 p·A·w1 

c. =~--
• EI., 

fpaHH'IHi YMOBH iurerpyeauux piBHHHH9 (7) MOlkHa JaDHCaTH 

aua.11ori'IHO, JIK llJIH ROlllOB)KHiX KOJIHB3HE.. MO.D.ClllOBaHHX MCXaHi'IHOi 

KOJJHBHOi' CHCTCMH Ta BHJHa'leHHJI OCHOBHHX napaMe:TpiB M0)Kff3 BHKOH3TH 

Ja ,11on0Moro10 nporpaMHOro Ja6e1ne<i:CHHX Solid-Works 2006 Ta Cosmos

Works 2006. 

BHCHOBOK: npe.acrneneuo M3TeMaTH<i:uy Mo.nenb KOJJHBaHb wueKa 

llJIX BHJHR'leHHJI po6o<1oro polKH.ll3IO'IOTO npHCYpOIO M3WHHH 
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IIOBepXHeBOro BHeceHHll D.o6puu BMnniryD,HO-"laCTOTHHX xapaKTCpHCTHK i 
OUiHKH MOlKJIHBOCTi BHHHKHeHHJI pe30HaHcy. 
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Y)IK 633.521 
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JlyllbKHH aau,iOHaJl&HHii TCXHi'IHHii yaisepcITTCT 

AHAJ113 TEXHOnonM 3611PAHHll flbOHY-AOBl"YHllll 

Y cmammi npoDHGJ1i30Q01W mexHOJJozif :J6upaHHR 11&0uy-OoezyHipi, 
o6rpyHmOQOHO Ooqin1:>Hicm1:> IX 30Cmocy6aHHA, U/O Oo360.Rum1:> 
onmUMi3yeamu eHepZOCMHicm& ma mpyOo.MicmKicm& npoqecy :J6upauHA, a 
maKO:JIC niOsuUJumu RKicm& cupo6UHU. 
36HP AHHJI, JILOH·){OBrYHEU:L, BOJIOKHO, TPECT A. 

DonaeoaKa npo6n:eMH. Po1wnpeHHll c4,lepn BHKOpHCTaHHJI 

npoJcyKriB BHpo6HHU.TBa Jl&OH)'-.QOBryHUll BHMara( nowyK}' HOBHX 

TeXHOJIOri'IHHX Ta TCXHi'IHHX piwCHb 3 MCTOIO cnpoweHHll Ta OUTIIMi33Uii 

Tf)3.llHUiiiHHX TCXHOJioriii 36Hp3HHR uici K}'Jl&T}'PH. nocnizloBHiCTh 

TCXHOJIOri'IHHX onepauiA Ma( BB3Ha<i:aTHCR TCXHOJJOriE:IO nepBHHHOi" 

nepepo6KH Ta BHMOraMH, w;o BHCYBalOThCJI. ll.0 CHpoBHHH, Heo6xiJIHoi" lVIJI. 
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suroroBJ1eHHJ1 KiHueeoro npoJIYKl)'. 3a TaKoro nia,xo)cy, rexHOJIOriR 
J6upanwi: Jll>OH}'-.IIOBryHWI NIH O.lleplKattflll BHCOKOJHciCHOro HaCiHHt:BOro 

Marepiany siJl.pi3HJITIIMeThCJI eizl TeXHonoriff 36HpBHHH u:i£i K)'JlhtypH ,IJ)JJI 

0JJ.CplK8HH.ll ,11,oeroro 'IH OAUOTHDHOfO BOJIOKHa. KpiM roro, TCXHOJIOrii 

36Hpat1Wl MaJOTb 6yru rny'IKHMH, ro6TO nepe,n6a'l8TH 38. Heo6xiD,uocTi 
nposeneHHH .IIO.llBTICOBHX TeXHOJIOfi'IHHX onepauHt a6o iuwoi ix 

nocniAoBHOCTi, wo6 .Ll03BOJIHJI0 ycyH)'TH Bil.llHB Ta.ICON 1>anopa JIK 

noro,11,ui YMOBH, wo E: 0,llRHM 3 BH3H3'1aJll>HHX npu <lioPMYBa.HHi 111.::iCHHX 

DOKaJHHKie CHpOBHHH. 0ITTHMi38UiJI TeXHOJioriii 36up8HHJI JILOHy

,!l,OBryHWI ,Q;03BO.llHTL CyrrE:BO ni.nBHWHTH JIKicui 00Ka3HHKH CHpOBHHH Ta 

386elne'!HTH pauioHaJlbHC BHKOpHCTIUIIDI. eHepreTH'IHHX Ta Tpy.aoeux 

pecypcie. 
Aeuil OCTaHHix .11ocni,m,3ceHb i nyfud1eau:iii. HayKoBHMH 

yCTaHOBaMH pi3HHX tqmiu p03P06neei TeXHOJJoni 36HpaHJUI nwuy

.n:oeryHU.ll, mo nepe.D.6a<1al0Th pi3Hi rexuonori'IHi oneprutii Ta ix 
UOC1Ii.D,OBHiCTh [1-5). IlOpll,ll 3 THM, BHacJJiJtOK ROJIBH HOBHX, 
Htipa,QuuiHHHX TeXHOJIOnH nepepo6KH npo,!l;)'KriB JlbOffY·.llOBJ)'HJ.UI, 
BHHHJCae HC06xizuticn. B ,llO,QaTICOBHX .llOCJlizutceHHJIX ,l],IDI o6rpytrryeaHHJI 
3acTOCYBaHWI TiE:i. 'IH iHWOi TeXHOJJOril XiHpaHHJI. 

Men J1.0CJ1iroKeae11 - npo11HaJii3)'B8TH TeXttonorii 36HpaHHJI 
!lbOtty-.llOBl)'HUJI AWi ix OITTHMi:Jauii Ta o61'pyff1YBRHHJI nocni.ltosuocTi 
TeXHOJJOri':IHHX onepauiii B 33Jle~ sin no~z,,woi· nepepo6KH 
CHJ>OBHHH T3. BHMOr, w;o CTilBJIJIT&CJI ,110 Hei 

Pel)'J1bTl.TH .m;OCJ1i,m)Keuea. Y ceiri cnocttpiracn.ct Teff,lJ;emtiJt .llO 
3pocraHHJI nonmy Ha Hatyp~uu:.ui eono1eHa, 30icpeMa, o,11eplK8Hi 3 J1b0f:IY

.110BJ')'HIV1. ll,e DOJICHIOCThCJI po3WHpCHHJIM cct>epu 38CTOCYBaHHJI 
H8'l)'paJlbHHX BOJIOKOH BHaC.lli.nOK CTBOpeHHJI HOBHX BH.niB npo.a.yKuii Ha ix 
OCHOBi. Ilopll,11, 3 BHCOKHM DODATOM ea .llOBre BOJIOKHO JlloOtty·.llOBl)'HIVI, 
:lpOCTllE DODHT ua KOpon:e BOJIOKHO 3 JIKOfO BHroTOBJl.llJOTZ,, HeTJCaHi 

MaTepiaJJH, mo wnpoKo BHKOpHCTOBYIOTbCll B 6araTbOX raJl)'3JIX 

npoMncnoBOCTi. Bin.xoAH eupo6HHl(l'Ba JlbOHOBOJIOKHa TIUCOlK 3Ha.AWJIH 
lllHpoKe 38CTOCyeru11u1. 3 JIJIJIHOi KOC'I'pHQi BHrOTOBJIJllOTb DaJIHBHi 
6pHKeTH, ,11o6pusa Ha OCHOBi roJ>ll>y Ta Ma-repianu, mo BHKOpHCTOBYIOTbCJI B 
6y.aieeJibHiii T3. Me6neeiH npoMHCJIOBOCTi. Haciumi JibOHY·.11.0BJYHJ.UI 
BHKOpucrosyETbCll B xapqosiii, 4>apMaueBTH':IHiH, JiaKo4mp6oeiii Ta 

nap¢lyMepeiii: rany3JIX npoMncnosocri. Bi.i:IxollH nepepo6KH eaciuHJI -
MaK)'XY Ul lllpOT, BHKDpHCTOBYIOTh B KOpMOBupo6HHUTBi. 

IlpH3ua<1CHHll nocieie J1b0ey-,11oerynwi BH3Ha'laE: noc.JJi.D,osuicn. 
Texuonori'IHHX onepauiii: ni.zl qac 36upauHJ1. Po3rmrueMo noc.11i.zJ.osuicTb 
onepauiii pi3HHX TeXHOJIOriii 36upauu.11 JlbOHy-.l(OBl)'HQll. CHonosy 
TexHonoriro IDnpaHHR ue po3rMIJUlTHMeMo, ocKinbKH eoua 
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HenepcneKTIIBHa BHacJiiD.OK 3Ha'IHHX 1PY.llOBHX Ta eHepreTH'IHHX :w:rpaT, a 

T8KOJK xapatcrepH3YCThC11 BCJIHKHMH BTp3Ta.MH JlhOHOnpo.uyKui.i' Ta 

3aJle;KHiCTIO sin. norO.D.HHX )'MOB. 

y CBiTi 36upaHHS JlhOffY-,11.0BI)'HU,JI npoBO.IJ;HThCJI 33 'IOTHpM8 

TeXHOJlOrillMIC Tpa.auuiiiuoto KOM6muoooro, po3,D.iJILHOIO, po3JrinhHOlO 

(BpODeiic&.KOro THny Ta KOM6ai!:HOBOIO (puc. l ). Bu6ip TeXHOJlOrii 36Hp8HWI 

JL1'HK~ 

·~· 
ltooi1n!' 

• 

• 
'" 

~Y-""" 

• • 
• 

" 
" 

"°""'""" .. ,.,,,,.,.;. 
£V!IOO•Rc·>1rorn TI<ri) 

• 

• 
• 

fy•o• ·'"""""""°"""" 
''""''""''""~" 
"""""""'"''" 

'" 
P~.

·"'"''"'"P""""" 

.....,HO<>tpDoHHH 

" 0.'IJl<rlHOlo< 

"""'""" 
PHc. I. TexHonorii 36upllHHll nway-JJ.OBI)'HlVI'. a Tp8.ZlHQiiiaa 

KOM6aiiuosa; 6 - po3JtiJJLua; B - po:l,!l;i1n.ua csponeiici.Koro mny; 
r KOM6aUHOBa (D03H8'1CHIDI TeXHOJIOri'IHHX onepartiU: 

I - 6paHHJI 11way-D.0BryHUJ1; 2 - o6<ricysainu HaciHH€11HX 

KOpo6o'IOk; J - finlOW,CHHJI JY3Hpis; 4 - po3CTltJUlHHll CTe6eJJ: y 
crpi•ucy; 5 - o6epraHfUI CTpi'IKH; 6 - sopywiHHJI CTpi'IKH; 

7 - o6Mo.noqyeaHIUI HaciHHEllHX KOpo6o'IOK; 8 - 3,!UWIOBaHHll 

crpi<10K; 9 npecyeaHIUI JibOHocnpoBHHH B pynoHH; 

10 - 33BllHTruKCHIUI pynouie; 11 - CKOUIYBaHIUI Il&OH}'-.!lOBryHl.VI; 

12 - M'llTI'll Jl&OHOCHpOBHHH; 13 - TiDaHIUI Il&OH}'-CHpll,IO; 

} 4 -TpllCiHHll DpOJJ:YKTiB 'finaHIUI; } 5 - ~pMyBaHHll BMKiB) 

3aJIC)Klfn. Bi.ll npH3H8'1CHIUI nocieiB, CtpOKiB npoBC.!(CHHll TCXHOJiori'IHHX 

onepau.iU Ta KlliMaTH'IHHX YMOB 30HH, B lltciA BHpomycrJ.Cll JlhOH

.!lOBryHCl..lh. BIDK.IDIBHM npu eu6opi rexHonorii" 36HpaHIUI £ epaxyeaHIUI 

6iOJIOfi'IHHX Ta TCXHOJJOri'IHHX oco6JIHBOCTeit JlhOHY·.!lOBryHl.VI. Ilepwi 

norurraton. y HCO.!(H0'18CHOM)' .!(OCTHraHHi HaciHH£BHX Kopo6o'IOK Ha o;:i:Hiii 

i Tiii CaMiit pocHHHi, a .!lpyri - y TOMy, WO BOJIOKHO l ttaHBHlllHMH llKiCHHMH 
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DOJC83HHKaMH MiCTHTbCJI y $i3iOJIOri'IHO HC.QOCTHJ'JJHX f>OCJlHH8X. 

Po3pi31U1.10Tb n'wn 4>a3 CTHrJiocti Jib<>Hy: "leJICHCUL", :re11eaa, paHH11. 

llCOBTa, lKOBTa it DOBHa. 36upaHIUI. TOBapHHX DOCIBIB JlbOH}' 

peKOMCHJlYE:TI.Cff npoBO,!UITH B 4>aJi paHHhO'i :iKOBTOi CTHrnocri. TpHBaJliCTh 
ttici l)alH 5 ... 6 ,nHiB. Y UJ>OM)' BHDaJlK)' BHKOpHCTOeylOTh po3.D;iJihlf)' 'IH 

po3,ll;im.H)' esponeiiCE.Koro mny TeXHOJIOrii, 38 RKHX J.l:OCTHnlHHJI: uaciHIUI 

npo,llOBik}'CTLCll B C'lpi'IQi. Tpa.zt1tuiHny KOM6aHuosy Til KOM6aiiHOBy 

TCXHO.noni 38CT0COBYJOTh eanpatciuui 4>a3H paHHhOi ;KOBTOi CTHr.nocri Ta 

Ha DOllfaTICY )ICOBTOi CTurnreri, KOJIH HaciHIUI. c 6iJibW ,!l;OCTHrJJHM. 

HaH6iilow nowupeuolO TeXHonoricio 36HpaHHSI JihOH)'-'AOBryHu.a: c 
Tpa,IUIUiHHa KOM6aiiuosa. UH rexaonoriR .ll03BOIDIC o.nep:iKaTH 
JlhOHOCHJ)OBHH)' .~JUI Bupo6HHUTB3 .llOBroro Ta Kopcmc.oro BODOKHa, a TaKOllC 

HaciHIUI, WO MQ)KC BHKOpHCTOByBantC.11 llK nocisHHH MaTepian, TaJC i Ha 

TeXHi'IHi UIJll. TexHOJIOriJI nepc.n6a11ac, WO Jll,QUOKOM6aiiHOM 

3.11iiicHIO€TI>Clf 6paHHJI .llM>Hy, o6'1icyeanu• HaCiHH£BHX KOpo6o<rOK Ta 

poocm.naHHll nbOHOconoMu y c-rpi<ricy. TpuBallicn. BWJC)K)'BaHHJI crpi'i'KH 
3a.l]CIKHTJ> Bin; repMiHiB 36upaHIDI Ta norO,!l,HHX )'MOB. ~ piBHOMipuoro 
BWle;K)'BaHIDJ conOMH TOBIQHHa ctpi'IKH Mae 6ym B I ... 3 cre6na. IlpH 
6im.m:iii TOBUUIHi HIDKHi wapu CTe6en noeiJri.Hiwe BHJIC)K)'IOTI.CJI Ta 

ni.nmHBalOTL. ,llJvi: piBHOMipuoro BHJleJK}'B8HHJI COJIOMY Ha JihOHHuti 
o6epTaKm,. 

OnepauiIO o6epTaHHJI npoBODJITI> O.QHH <rH ,llBa pa3H. Ilepwe 
o6epTaHHll c-rpi110K npooororrr, Ha 8 ... 12 .a;o6y niCJJR 6pamui, a JIPYre -
npoBOJVITh y euna.zucy, ll.KW:O Mac Micue ueo.Q,uopi.nHicn. TpeClll y sepxuix 
Ta HIDKHix mapax: CTpi'IKH. JJ.rui DOKpaw:euHJI )'MOB BHJlelK}'B3HHJI l'pecnt: 

Ta.KO;f( KoM6iHylOTh o6epTaHHJI CTpi'IoK 3 ix sopywiHHJIM. TaKHii 33Xi.zl; 
336e3DC'fYC piBHOMipuicn. Bll.llC)l(}'BaHHJI TpCCTH Ta ycyeac MO)l(JIHBiCTh i"1' 
3al'HHB3HHJI. jhiuo jJ( crpi'IKll CHJll>HO ymini.HeHa, TO B HIDKHJ.OMY rnapi 
ninenw;ycri.cs BOJJOricTi. Ta noripwy£ThCll noeitpoo6MiH. Y TilKOM)' 
BHna,n:icy .l(OuiJit.HO cno11ancy RpOBCCTH eopyrniHHJI CTpi'IKH, a '1Cpe3 5 ... 7 
,!l,HiB o6epTaHHJI. 

Ilepen. ni.mtiMaHHJIM 'q)CCTH 3J1iiiCHIO£ThCJI BOpywiHHJI a6o 
06epTa.HHJ1 ctpi'IOK. lJ;e .!1.0380.llJIC ni.zl;cywHTH Tpeely, si.nipeaTH crpi'IKY sill 
l'p}'Hl)' Ta tpaBH, JIKOJO BOH3 npopocna. Ili.nHiMaHHJI roroBOi tpeCTJI 

3.lllHCHIOM'bCJI pynOHHHMH npec-ni.z1;6Hpa'IaMH. JJ.rui nineumeHHJI 
npo.nyKTHBHOcri pynoHHHX npec-ni.zl;6Hpa'liB nepe.11 ni.zutiMaHIDIM tpeCTJI 
npoBO,!VITh 3,llBOIOBaffHJI CTpi'IOIC. 

JlmleHii eopox nicnH o6'ficysaHHJ1 nepepo6.llJllOTh Ha 
crauioHapuHX M8WHHax. HeMO)l(JI1tsicT1> Tpueanoro 36epellceuHsi. sonororo 
JI.llJIHoro sopoxy i JHa'IHi euepreTH'IHi 38Tpam Ha itoro cenapauiJO Ta 

cyrniHHJI - OCHOBHi He.noniklt TJ)a.!IHUiiinoi" ICOM6aiiHOBOi° TeXHOJiorii 
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0,ll.HHM j3 WIDIXiB 3MeHweHHll eHeprosmpaT ea cywiHHll JLTUIHOfO 

BOpoxy ( 38.CTOCYBaHH.ll p03JJ,inbHOi. TeXHOnoril 361tpa.HH.11 JlhOHY-){OBl)'HIJ.ll, 

Uii TeXHOJiorill JJ,03BOJIJI( po3D0'13TH 36Hp3HHll y lf>aJi p8HH&Oi )KQBTOi 

CTHrJIOCTi, KOJIH BOJIOKHO M3£ HaiiBHWi .llKiCtti llOKaJHHIOI. IlOpll,ll; j3 

nepeBaraMH TeXHOJJOriR M3€ i HHJK)' HeJJ,OJiiide: JaneiKHiCTb eizl IlOfO.D.HHX 

YMOB; 11epe3 3H3X0,!1,)KCHWI aaciHHCBHX Kopo6o'IOK Ha rpyeri B nepio,11; 

,!(Oll(iB BHHH1<3£ He6eJneKa 38.palKCHHll ttaciHHll XBOpo6aMu; '1Cpe3 

6araropa30ee ni.nttiMaHHll crpi•ncu lpocrae 11 p03Tilrayricn., w:o 
YCKJJ8,!UHO€ po60'ly npec-ni.il;6upa'liB Ta J6inbwy€ DOWKO,!OKCHHll 

JlbOHOCHpOBHHH. 

Po3,ll,iJlbHa TCXHOJIOrill 36up8.HHJI M8( JJ,CtcinbKa sapiaHrie. 0.D.HH 3 

eapUurrie DCpeJ1:6a<1ae 6paHHll JlbOH}' JlhOtto6panKOIO 3 p03CTIUl3HHllM y 
ctpi'IK)' Alli npHpOJJ,HOro cywiHHll Ta .D.OCTHJ"aHHll H3CiHHll B KOpo6o'IKax. 

IliCIDJ nwro 3aCTOcoeyJOT& ni.z1;6npa'1-MOJIOTapK)', in<a nizl6upae crpi'IK)', 
o6'1icyc n o6Monoqyc HaciHH€ei KOpo60'IKH. KpiM roro, nin6upa11-
MOJJOTapKa o6epT8€ crpi11rcy i BKJl8,!l8£ ua no.ne .nmi: BHJJe*}'B8HlUI. luwuii: 
eapirurr nepe;:i:6a11a€ 6paHHR JIM>uy DbOHo6panKOKl 3 pOOCTHnaHHJIM y 
crpi11rcy. IliCJia ni;:i:cywyBaHHJI H8CiHH€BRX KOpo6o'l.OIC 3.!tiiiCHIOJOTb 
nin6upamta, o611.icye8HHH TI1 o6epTaHIUI crpi'IKH. B LU>OMY eapiawri 
nepe;:i:6a11.eHO TillCO}IC nntoru;eHIUI l)'3HpiB ll,JIR piBHOMipHoro BHJielK)'B8HIUI 
YJlecTH. JlruiHHii eopox nepepo6MIOTb Ha CTaU,ioHapi attanori'IHO ;:i:o 
Ypa,llHUiitHoi ICOM6aiiHOBOi° TeXHonorii. 

~ HOKpalll;eHHJI yMOB BHJle}IC)'BaHHJI tpeCTH 3JriftCHlOE:T'l.CH 0.llHO
'IH ,.!l.80p330Be 06epT8HHR crpi'IOK a6o )I{ rx eopywiHIUI. )lani poJ.niJJblla 
rexHonoriJ! nepe,11;6a<1ac B 3a.J'Ie)KHocri. ei.iJ. npHJHa'leHHll nocieie JJ.Bi 
nocni;:i:OBHOCTi TeXHOnori'IHHX onepau,iit Ilepwa nOCJiinoeuicTb onepau;ifi 
nepe.116a'l3€ O,llepiKa.HHJI 0.llHOTHDHOro BODOKH8 Ha nonL MamHHH, w;o 
peanhylOTb TaK}' nocni.a.oBHicn., o6Jl8,!J,HaHi M'llJJbHOJO, TinanbHOKl n 
TpJICHJJhHOKl '18CTHH8MH. Cni;:i: Bim:Ha'l.HTH, mo u.eii: sapirurr p-03.lliJJbHOi° 
TeXHOJIOrii" 3H3XO,ll;HThCR ua CTil,Zlii° po3po6KH. )Jpyra ROCJlizI.OBHiCTh 
onepau.iii nepe;:i:6a'l3€ npecyB8HHJI JlbOHOCHpOBHHH B pyJIOHH 3 00.llaDbWOJO 
iI nepepo6l<Ol0 lL1VI O)],ep)l(8HHR .llOBroro Ta KOpoTKOro BODOKHa ua 
DllOH038BO.ll3X. 

PoJ.niJJbua -rexuonoria ceponeiici.troro Tuny nepe.ll6a'lac 6pau1U1 
.ni.ouy-.llOBl)'Hll.ll .ni.ouo6panKaMH 3 p03CTHJ18HHHM y CTpi•ucy .nmi: 
BHJle}IC)'BaHWI. fli.n 11.ac BHDe}IC)'BaHIUI aHanOri'IHO ,DO pDJ.niDbHOi TeXHODOrii° 
npoBO)UIThCJI 06epY8HHJI Til eopywiHHJI CTpi'IOK. Ilic.rui BHDeJIC)'BaHHH 
JlbOHOTpeCTa B pynoHax CDpllMOBY€TbCll Ha DbOH038BO.llH .ll)lll npoMHCJIOBOi° 
nepepo6KH. l..{ll Texuo.noriJ! Bi.llpiJHllCTbCll sill. po:mini.Hoi· THM, mo 
o6<1icyeaHIUI uaciHH€BHX 1COpo6o'IOK Ha noni ue npOBO)],JITb, a 3.!liii:CHIOIOTb 
Horo nin 'lac po3MOT)'B8HHJI pynouia ua nepepo6HHx ni.11.npncMCTBax 3 
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00)(3.JlhlllHM o6MOJIOTOM T3 O'IHW:eHIDIM Hacietui. 3acToco&ylOTb ueH 
cnoci6, KOJUI Heo6xi.nHO o.n:ep:llCarn BOJIOKHO BHCOKOi° JIKOcri. HaciHHJI 
OlpUMaHe 38 UHM eapiaHTOM npu.n:aTHe ,!l,Jlll BHKOpHCTaHllJI Ha TexHi'IHi uin:i 

a6o B xap'IOBiH npOMllCJIOBocri 'IH KOpMOBHpo6HHQTBi. 

y 3B'J13K}' 3 po3WHpeHHJIM c4>epn 3acrocyB8HHSI npoJzyJ:TiB JIWH}'
noeryHWl, npoeo.zum,csi ,!!;OCJii;:uKeHWl J poopo6Ku rexuonorii eupo6HnlIJ'Ba 
JILOHOCHpoBHHH 6e3 OTpHMaHHJI ;:i;oeroro BOJIOICHa, JIICll DO.Jlllra£ B 

laCTOCYBaHHi aHaJIOfa 3epuo36upanbHOro KOM6aiiea ,.IJ,Jlll CKOwyB8HHSI 

JlbOH}' Ta o6Monmy HaciHHJI. Ilicrut uwro, ni.n:cymeHHi:i e eamcax JibOH y 
eurmuti COJIOMH 36upacrbC• e pyJIOHH Ta tpattCnOP"}'aDCli Ha nepepo6He 
ni.ztnpH€MCTBO. Tat()' rexuonoriJO peKoMeHJJYCTDCJi JaCTOCOB)'BaTH ua 
HaciHHHQhKHX nocieax Ta Ha TOBapHHX .u.imIHKaX, •Ki BPfilKCHi xeopo6SMu, 
nocieu ua llkHX 3pi!Olceei 'ill .!IOB;KHHa CTe6eJI ae nepeeHwye 50 cM. 

Ha npanuui ,11,0CHTh 'lacTQ 3aCTOCOBytOTb KOM6iHYBaHIDI phHHX 

TeXHOJioriit 36upaHu•. Ue .no100Jllilc 3a paxyHoK JMiw:eHIDI crpoKis 
36.,pauHJt o.nepJK)'B3TH :111dcHe HaCiHH.11 Ta BOJIOKHO 33 OIITllMaJILHHX 
Man:piani.uux ra euepreut"IHHX smpar. 

3HIDKCHH:ll eueprosmpaT ni.n qac 36Hp8HH:ll JILOH)'-,ll;OBfYHUll 
.QOC:llraeI'bC:ll WJVIXOM BHICOpHCTa.HHJI .QBOilOTOKOBHX M8WHH (JILOHo6paJI:Ok, 
JILOHOKoM6aituie, o6epTa11ie, pyJIOHHHX npec-nia;6upa.11is}, a TWCOlK 
CTBOpenH:ll M3WHH, Jltci 33 O.D,HH npoxi.n 3,ll;iiicHIOfOTb .neKiJJLIC3 
TtXHOJIOri'IHHX onepauiii. 

)],rul IlOKpaUICHHJI )'MOB BHJICJK)'BaHH:ll JILOHOTpeC'I)' pOOMitl(ylOTL 8 

CTpi'IKaX Ha aepauiiiHHX KaHaJJax (rpyRTOBHX rpe6elmx), WO .Q03BOJ!R£ 
CkopontTH npou.ec BHJICJK)'BaHH:ll TpeCTH Ha .neKini.Ka .naie 33 pax)'HOK 
nositp:11uol .Pirli.Tpauil. Hapi:mHHll rpe6euis siA6yea£TLCJI cneuiant.HHM 
npucrpoeM, WO BCTaHOBJJIOlOTb Ha o6epn'l8X CTpi'IKH. 

W:e O.QHHM npo6JICMHHM DWrB.HHJIM TeXHOJIOriH 36upllHHll JlbOHy· 

D.OBfYHUll £ nepepo6Ka JllUIHOfO sopoxy. IliJJ. 'lac 36upaHHJI iioro BOJIOriCTb 
MOJKe cxraTH 60 ... 70o/o. BucoKa sonoriCTb pocn11eeoro Man:piany cnpID!i£ 
rumtBi:Jau:ii" MiKpOOpraHi3Mis, .n;iJIJlbHiCTh llKHX &eAe D.O Horo 38.fHHBllHWI T8. 

noripweHH:ll 111cicuux BJJaCTIIBOCTeii eacieH.11. KpiM roro, ,ll)UI 3a6e3ne'leHH:ll 
o6Monozy nJIJ1Horo sopoxy 6e3 TJ>a&M)'sauH.11 eaciuH.11, Aoro sonoricn. ue 
Ma£ nepeBHllzyBaTH 16 ... 18%. 3HHJKCHHIJ BOJI-Orocri nrui:uoro sopoxy 
3.IJ.ificHJOCTl.CJI lll.IDIXOM cywiHHJI. Oco6nusicno sopoxy aK o6'£KTll cywiuH.11 
£ Te, IUO Horo CKJI8,!lOBi MatOTb pi3H)' nollaTKosy BOJIOriCTb, npH'IOM)' 
HaiiBHW8 eoJioricn. y crefulosux CKJJaIIOBIDL CaMe 1.1e npH3B~HTI> .n;o 
3Ha'llUIX eneproempaT 3a icey10qo"i rexeonorii nepepo6KH Jlrul.H-Oro 
sopoxy, ocKiJibKH soea nepe.n6alla€ cyrnieHJI uecenaposauoro sopoxy. J],rul 
ycyHeHHJI ue.noniKis icey10qoi rexuonorii nepepo61nt JVIJIHOro sopoxy 
nponOH)'E::TbCJI T31Ca OOCJiiJJ.OBHiCTb TeXHOJIOrillHHX onepau:iii (puc.2). J],rul 
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6iJI&lll e!lieKrnBHoro BHKOpUCTIUUU eHepreTH'IHOro OOTeHQiany 

cywRllt.Horo areHTa JJ.OuiJI&Ho nepe)], cyrniHWIM npoeo.znrrn cenapau.ilo 
aopoxy. Y peJyJI&Tati cenapauil neo6xW,uo eizw.in:HTH naciHH£Bi 
KOpo60<IKH Ta Bini.He HaciHWI ei,zi CTe6.nOBHX CICJIMOBHX (6anacty). ,UJUI 

CKOpo'ICHWI TpHBanocti cywiHHJI eaciHH€BHX Kopo601101e peKOMCHJtYCTI.CJI 

npoBO,iJ;J.ITH ix Jle4H>PMa.QilO WIDIXOM TUJIOll{CHHR nepe.n cyrniHHJIM, mo 

cnpID1€ nopyweHHlO repMeTH'IHOCTi KOpo6o'IOK Ta DOKpamyC 

DOBiT)X>o6MiH. nm '13C cenapauii HeofixiJJ.HO la6e3UC'IHTH po3,D,iJICHHll 

KOpo6o'IOK Ta HaciHHll All.II OKptMOI'O cywiHHJI, OCKiJil>KH WBH,n.Kicn. 

cyrniHHH Ha.CiHHJI BHIU,a y nopiBWIHHi 3 KOpo6o•ncaMn, a TOMY npn ix 
cni11&HOMy cywiuui uaciHHll nepecyrnyrnca:. 

Ilicn11 cywiHWI uaciuHCBi KOpo6o'IKH cnpJIMOBYfOThCll Ha 
o6MOJI0'1)'83HfUI .ltflll BH.IliJJCHWI 3 HHX HaciHHil ru.oey. Bin:&He HaciHH.11 

nicrui cywiHHJI Ta uaciHIUI, o.nep)K8HC aHacJii.n.oK o6M0.1101)', no,naE:TI.C.11 Ha 
O'IHWCHWI Ta COJYl'YBaHlUI. y pe3YJILTilTi OTpHM)'lOTL KOH,!lHUiiiHe uaciHHJI. 
CTefinoBi CKJl8,l.{OBi sopoxy niCJUI OCHOBHOi cenapaun npOXOJVITL 
.no.nancoey cenapauiio, w;o nepCA6a<i:a€ 6inLW *Opctti pe*HMH. B 
pe'l)'JlLTa.Ti 3 eopoxy eiJJ,nirulCTbCJI HaciHHJI, like MO)KC 6yru BHKOpHCTa.He Ha 
TeXHi'IHI UIJll. 

OcuoBHa cenapouil 

Haciu111 ua TCJ01i'l1li 
llini 

Poo.n,i .. u111 KKinllll 

O~Ulllet1H• utciull.O 

Cywiu,.. l<llpOlio'fOK 

PHc. 2. IlocnirtoeuiCTL onepauiii nirt <i:ac nepepo6ICH JlJlj(ffOro sopoxy 

BHCHOBl(:ff. Auani3 TI:XHOJIOrlH 36HpaHHJI IlLOH}'-,llOBryHU,ll 
ROKS3y€, WO npn BH6opi TI:XHOnorii a6o 'i"i sapiamy Heo6xi;J.uo 
BpaxoeyeaTH npH3Ha'leHHJl nociBiB Til TeXHOHOrilO no~bWOi nepepo6KH 
CHpoBHHH. KpiM Toro, ROCJlirtOBHiCTL TeXHOJlOri'IHHX onepauiii B 3Ha'IHiii 
Mtpl BHJHa'laCTbCll npnpo.nuoKJiiMaTH'IHHMH yMoeaMu. BpaxyeaHHJI 
383Ha'leHHX 4iaKTOpiB .noJBOJIHTb ODTHMiJYBaTH enepreTH'IHi Ta tpy.noei 
3aT(>8TH Ha npouec 36HpaHHll JlLOH)'-.nOBf)'Hlf.11 Ta 3a6eJne'IHTH RHCOKi. 
llKiCHi DOKaJHHKH CHpOBHHH. 
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©J.M. )lyD.apes.. K.T.H.; M.fl. Maniit'l)'K 
Jlyl{LKIDi Hau.ioHaJll>HHit TeXHi'IHHit yeisepcHTeT 

06f PYH1YBAHHR KOHCTPYKl.lli CYWAPKH KOCTPHlll flbOHY 

Y cmammi 3anponouoeauo KOHCmpyKJJilO cyutaplCU Kocmpu!Ji 
J100Hy. llpeiJcmatlll.eHO pe3YAbmamu eKcnepUMeHmaJlbHUX iJoCJ1iiJxeub 3 
6U3Ha'leHHJI. xoetf;i'f.lieHma mepmll cnoKO/O KOCmpu!Ji AwHy. 
CYWAPKA, .JILOH, DE.Jl.JIETH, KOCfPHllJI, TEPTJL 

IloCTanOBKa npofiJleMH. TpaJJ,Hltiii:Ho e 11.rocri nanusa 
BHKOpHCTOBYIOTh ra3, Ma:JyT Ta syrirrnll. Ui BH,IJ;H nrumea BiD.HOCllTbCll JJ.O 

HCBi.11.HOBillOBaHHX, ix 3aflaCM mopoK)' 3MeHlliylOThCll, a BapticTb JpOCTae. 
Bee ue 3YMOBJUO€ nowyr aJibTepHaTIIBHHX BHJJ.iB eKOJJOrilfHO'IHCTOro 

naJIHBa 3 Biu.HOBJHOB3HHX A*:epen eeeprii. 

AnbTepHaTHBHHM BH.nOM IlaJIHBa e 6pHKerH Ta IlCJIJleTH 3 eizlxo.ais 

pocnHHHoi' CHpoBHHH. Ilanueui 6pHKCTH - ue npecoBaHi y BHrmuti DJIHTOK 

o6pilKH 3 .llepeea, TOp¢1, D.pi6Hi eizlxOJJ.H, cMiTill 3 6yporo 'IH KaM'llHOfO 
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eyrinIDI, pOCJJHHHi peIUTJCH . .O:oeil<HHa 6pnKeTiB 100 ... 300 MM, .a;iaMetp 

25 ... 75 MM. []e.11.11eTH - ue RMHBHi rpaH)'JIH UHJiiH,!lpH'IHOi lj>opMH, mo 

npecoeaHi J BHcyweHHX p<>CJJHHHHX ei.a;xo.11ie. Ix BHrOTOBJlllIOTLCJI 6eJ 

xiMi'IHHX 3aKpiilJIIOBa'liB ni.IJ; BHCOKUM THCKOM. ,llOBJKHHa neJlJieTiB CJCJ18,1Ul( 

20 ... 50 MM, .QiaMetp 4 ... 10 MM. 

Y JIKOCTi CHpoBHHH D,Jlll BHroTOBJICHHJI 6pHKeTiB Ta ReJJJieTiB 

BHKOpHCTOBYIOTh eiJJ;xo;:i:H nepBHHHOro o6po6JJllHHJI JIJlllHOi lpecTH -

KOCTpHU,IO. KocrpHIUI ni.ouy - ue no;:i:pi6HeHa }J.epeeHHa C're6na JihOH)'. 

BHroTOBnCHHll 6pHJCeTiB Ta. nenne-rie 3 KOClpHUi .!10380Jlll( BHpiwHTH 

npo6neMy ymniJaUfi eiilxo;:i:ie Ta Ja6eJneqyc .u:o.u:aTKOBHM npH6Yfll'.OM 

JlhOHODepcpo6Hi nia;npH(MCTBa. BonoricTh KOCTpHQi .IU:>OH)', WO 

BHkOpHCTOBYCTLC11 ,!lrul 6pHKeT)'BllHH11, Mil( CTIUIOBHTH 6 ... 8%. TOM}' ,!lrul 

o;:i:ep)IC3HHJI llriCHHX 6p1-1KeTiB Heo6xi.zulo 336e3DC'IHTH cyrniHH11 KOCtpHiri, 

OCKiJihlGI "ii IIO'IRTKOBll eonoriCTh 6ini.rne 12%. 

AH8Jlil OCTaHHiX ,!IOCJii.ll;aceHb Ta ny6JJhcauiii. AHMil 

.11,0C11i.lvKeHL Ta nyfiniKaQiii Il0Ka38.B (1-3), WO B llKOCri CHpOBHHH D,Jlll 

BHrOTOBilCHHJI IlaJIHBHHX 6pHKeTiB Ta neJlJl.eTiB BHKOpHCTOBYIOTI.CJI 

pocJIHHHi Bi..!1xo.11u: COJIOMa, JIHCTll, cre6na, DJl)'TaHHHa Ta JJYWDHHHJI 

pi1HHX icyn&TYJ>. B 38.JICxcHOCTi ei.ll Bff.llY cnpoeHHH, mo enJCopncroeycn.c.t1, 
TCXHOJJOriJI BHrOTOBJICHHll 6pHKeTiB Ta DCJJJleTiB Mil( ceor oco6JrnBOCTi., 
JYMOBJJeHi BJJaCTHBOCTJIMH MaTepiany. BpaxyeauHJ1 BJ1acnteocrefi 

CHpOBHHH rriD. '18C polpo6KM TeXHOJIOri'IHOro o6n8.QH3HHJI Ta. 

o6rpyffTYBaHHJI pauioHMhHHX pexcHMiB Horo po6oTH, ;:i:oJBOJJHTh lHHJHTlt: 

co6ieapriCTb BHl'OTOBJICHHJI TBep,!l;oro naneea 3 p<>CJJHHHHX peWTOK. 

OcKiJihlCH BHKOpHCTilHHJI pOC11HHHHX ei.u:xo;:i:ie o6Me.Keue, TOMy ix $iJHKO

MeX3Hi'IHi BJJacrueocti JaJ1Hwaion.c11 Mano.11ocJii.ivKeHHMH. CaMe TOMy, 

.11:0.!lRTICOBi .QOCJii.zvICCHHSI B l..U>OM}' HaRpSIMK}' ( aIC"l)'ME.HHMH. 

MeTa AOCJIWIC:eees. Po3po6HTH KOHClpYKUilO cywapKH KOCtpHQi 

JihOH}' Ta eJCcnepHMCHTMLHO BH3H8.'1Hnt Koe<l>hti(HT TepTll CDOKOIO 

KOCTpHQi JIE.Ony. 

Pel)'JihT&TH AOCJii.lvKeeb, .[ln:ll cyrniHHll KOCTpHQi JJhOH)' 

Janponoeoeana cyrnapKa, wo npe,ncTae.nena ea pHc. I. CyrnapKa Ta.KO>K 

MO>Ke BHkOpMCTOByeamcsi: .lVlll cywiHHJI iHWHX CHDkHX Ta M8JIOCMDkHX 

cini.ci.Korocno.napci.KHx pocJJHHHHX MarepiMie. CyrnapKa MiCTHTh 

cyrnHJILH}' Ka.Mepy, lUO ymopeHa KopnycoM. y eepxHili 'IRCTHHi Kopnyc 

31UCpMTMii nep$opoBaHOIO KpHlllKOIO, a AO HIDKHl>Oi 'lacTHHM npHotHaHi 

.!1Htfiy10p1-1:, llKi 3'otttaui qepe:l noeii'pOnpoei,a 3 BelnHJDiTOpOM ta 
Jl)Kepe.n:oM TeRJia. Bcepe.u:uHi Kopnyca BJJlOBlk cyrnnJI1.Hoi" Ka.Mepu O.!lHa Ha.ll 

OllHOIO J)OJMiIUeHi cylllHJILHi CCKuii. KiHQCBa. ltinsi:HKa KOlfCHOI nonepe,!lHl.Oi 

CCKttii poJMimeea Ha,1.1, RO'IRTKOBOIO ;:i:iJIJIHJCOIO KOJKHOi Hacrynuoi. Ha.it 

DO'laTKOBOIO .u:inJIHKOIO BCpXHhOi CCKttii" nepe.u:6a'ICHO OTBip, Ha,11, llKMM 
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BCTaHOBJleHO 3aBaHTa»cyBaITLHidi 6yaKep. Iliu KiHU:eBQIO JJ.inllHKOJO 

HIDICH&Oi cyWHJILHOi ceKitii" nepe.n6a11euo BHB3HTruK)'B3..llhHHii )KOJio6. 

KoJKHa cywuni.Ha CCKU,Ui yreopeHa nep¢K>poBaHHMH BCpn!KaJibHHMH 

neperopo.D.KaMH, w;o po3Miw;eHi B3,!l,OBlK cywuJILHOi KaMep1t. MilK 
sepn11ra.11bHHMH neperopo.n.KaMH Ta BCPTffK8JlbffHMH neperopo.n.KaMH i 
KopnyCOM 83,llOBlK cywUJJbHOi Ka.MepH ropH30HT3..llbHO po3Mill(eui RO.llH'IKH 

3 DOXHJIHMH rpaIDIMH. )1.o OCHOBH KO:lKHOi DOJIH'IKH 3 )],BOX Kpaie uepyxoMO 

npuKpin.neuo W3'J)'HH, ni npHlH3'1CHi .O:JIJI npHBCACHtUI ROJIH'IOK B 

ROCJynaJibHHii pyx ein nox KO.lliHlf3CTHX BaJliB. Konie11acri B!lJIH OllHi€i 
cyWHJibHOi CCKIUI o6epT810ThCJI CHHXpOHHO B o.zuzy CTOpoH)'. 

KoHCTpyKTHBHO 3a6e3ne11eHO DOCtyDWibHHH pyx DOJIH'IOK, nizl. 'lac llKOro 
cyci.u;ei DOJIH'IKH OJJ.Hi£i C)'WUJJbHOi ceKU,ii JJ.iaMtrpMLHO npcmtJIC)l(HO 

po3Miw;eei, ro6To JllOU,O DOJIH'IK3 pyxacrbCll 3 BepXHbOi MepTBOi TO'IKH /J.O 

HIDKHl>Oi MepTBOi TO<IKH, TO cycinH11 iii DOJUl'IK3. 0.11HO'laCHO PJXllETbCJI 3 

HIDKHbOi MCpTBOi TO'IKH ,110 eepXHbOi
0 

Mepnoi TO'IKH. Ili.11 'lac nepeMiIU,CHHJI 

KO)KHOi UOJIH"IKH 3 sepXHbOi MepTBOi TO'lKH ,110 HHlKHbOi MepTBOi TO'IKH 
Mhlc cyci,aHiMH eepnucaJJbHHMH neperopo.!IKaMH Ta Mhlc BepTIHCWlbHHMH 

neperopo,zr.KaMH i KopnycoM yrBDplOCTbCJI cymHJibHa KOMipJCa. 06epTaHHft 

KOJJiH'laCTHX BaJJiB KOlKHOi H3C'I)'DHOi cyWHJibHOi ceKUii" 3a6e3DC"l)'£ThCJI B 

llpOTllJICllCHOMy HanpJIMIC}' ei.11 H8IlpJIMIC}' o6epnHHJ1 KOJriH'lacTHX BMiB 

nonepe.D.HbOi cyWHJibHOi ceKLtii 

' .. 
9 

13 3 

" ' 
2 

" 
" 

" 
13 

11 

" 
' 

10 

' 
6 

' • 
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Puc I. CymapKH KOCTpHLti JJbOffY: a - nonepe'IHHii nepepi:i cywapKH; 

6 - nol,ll,oBlKHift nepepi:i cywapKH (no:iea<JeHIDI: I - cywHJibHa 

KaMepa; 2 - Kopnyc; 3 - nepq,opoBaHa KpHWKa; 4 - Jl.H¢iY3op; 
5 - noeiTponpoei.11; 6 - BCHTIUlllTOp; 7 - cyWHJJbHa ceKQill; 8 - oTBip 

B nep¢iopoe1111iii KpHrnui; 9 - laBaH'lUC)'BaJlbHHA 6yu1eep; 
10 - BHB3HTIDIC}'BWlbHHii JKOJI06; 11 - OTBip B Kopnyci; 

12 - eepTHKaJibHi neperopollKH; 13 - DOJIH"IKH; 14 - wayYH; 
15 - KOJliH'l3CTHH ean:; 16 - cyWHJlbHa KOMipKa) 
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Y npoueci po6oTH cywapKH Marepian 3 33BaHTruK)'BaJJhHOro 

6yHkepa Ha,ll,XO,llHTh B cywnm.H)' KaMepy' )],e OnHHBCTl>CJI Ha DO<f3TICOBiH 

)].iJu:Hu;i BepXHbO'i cywMDHOi ceKuii. Baacni.!lOK noc:rynaJILHoro pyxy 
IlOJIH'IOK Ta i'x ¢iopMH MaTepian 3 UOJJH'IOK, llKi nepeMiuzyIOTbCJI 3 HIDKHbO'i 

MCpTBOi TO'llCH B BepXHIO MCJITBY T0111cy, nepecunaen.c:11 B cywHJJLHi 

KOMipKH, mo yreoplOIOTbC.11 ni.Li, 11ac nepeMiW.CHHli cycia,Hix nonH'IOK 3 
eepXHbOi MepTBOi TO'IKH B HIDKHIO MCJITBY TO'IK)', Ta BOJJ:HO'lac 

nepeMimyCTLCJI B3,ll;OIDK cywHJI1>Ho·i ceKuii Marepia.n 3 cyWIUibHHX 

KOMipoK, B JIKHX OJJHHHBCR, B pe3)'JJbTa"ri pyxy ix 001.IH'IOK 3 HIDKHbOi 

MCpTBoi' TO'IKH B BepXHIO MCpTBY TO'IK)' nepecunacn.CJI 8 cyci,nui cywHm.Hi 
KOMipKH, mo yrBOplOIOTbC11 BHacni.Ll,OK pyxy ix DOJJH'iOK 3 BepXHLO'i MepTBoi 

TO'IKH B HHilCHIO MepTBY TO'IK)'. Ili!l qac nepeCHDaHH.11 3 OAHiE:i yreopeHoi 

cywHJlbHOi KOMipKH B iHrny (cyci.aHIO) Marepian DpOJJ.OIDK}'E: 
nepeMimysaTHCJI 83,ll;OB:lK cywHJibHOi" CCK:Uii 3 KiHUCBOi .ztiJulHKH BepXHLOi 
cywHJibHOi ceKuii MaTepian nepecHnaen.cJI Ha nO'l3TICOBy .ztWHK)' 
uacrynttoi ceKU:ll, JIKOIO 3,llJHCHIOC aeanori'lHHH pyx, Ti.rn.KH B 
npo11fJle)KHOM)' eanp•MK)'. TaKHM 'lHHOM, l.l1iilcHIOCThCJ1 nepeMim:enHJI 
M3TC:piany aciMa cyWHJibHHMH ceKQiJIMH. 3 KiHU,eBOi ltimlHKH HH)KHbOi 
cywHJibHoi· ceKQii MaTepian nepecenacn.c• B BHB3HT&JKyBaJlblfHii: )f(OJio6, 
JIKHM '1epe3 OTBip BHBaHTIOK)'et'bCll 3 cymHJibHOi' KaMepH. 

fli.zl; 'lac nepeMiW:CHHJI Matt:piarry cyIUHJibHHMH ceK11UiMH 
sill6ysaen.cJ1 i:ioro cywiHHJI. CywnJihHHH areHT si.zl; .11JKepe.11a Terma '1epe3 
nosITponpoai.zl; Til llH4'Y30pH BeHTHJIJITOpOM DOJJ,aerLCJI 8 cywwu.ey KaMepy 
ni.zl; HHllCHIO cyWH.IlbH}' ceKuiIO . .[{ani cywHJibHHH areHT 11epe3 BepTHK8.llbHi 

neperopoll.KH HIUl;XO.llHTL ll.0 Marepiany, mo po3Mim.etnrii B cyWHJibHHX 
KOMipKaX, Ta ni.zl;cywy€ iioro. CyWHJibHHii areHT, npoHWOBWH MaTepian Til 

pyxooo<mcb sropy, aHanOri'IHHM <rnHOM npoxo.a;HTh Matt:pian s cywHJILHHX 
KOMipKax peurm cyWHJn.HHX ceKuiA. Bi.D;npauwBaHHii cywHJil>HHi:t areHT 
BHXO.llHTb 3 cywwu,uoi Ka.MepH '1epe3 nep(lopoBaH)' KpHWK)' H330BHi. 
3aCTOCyBaHHll 3anpoDOHOBaHOi KOHCTpYKl.111 cywapKH .l103BOAA€ 
3a6eJne'IHTH nocTiiiee nepecHIIaHHll Marepiarry Bl.nOIDK cywHJil>HHX 
ceKQiH, WO itrreHCH4>iKY€ npou,ec cywiHHJI Til cnpHll€ piBHOMipHOMY 
cymiHHIO Marepiany. 

y cywapui KOCTpffWl JlbOffY nepeMiwycrLCJI rpaHll.MH DOJIH'IOK. 
Cepe.n OCHOBHHX <Pi3HKO-Mexaei'IHHX HOKa3HHKiB KOCTpHui, mo BDJIHBaIOTh 
Ha ueii npouec € Koe<}liui£HT TCpTII CUOKOIO (crarH'IHHii). 3a pelYJlbTaTilMH 
AOCJii,n)KeHb 3 BH3Ha'leHHJI Koe4iiui€H'I)' Tepn: CDOKOlO KOCTpHUi npu pilttiii 
BOJiorocTi ua pilHHX HOBepXHJIX TCpTJI no6y.llOBaHi rpaif>i11Hi 3aJielKHOCti, 
mo npe4craeneui ua puc.2. ,[locni.nlKeu1-u1 npoBelleui 3a MCT0.11,HKOIO, w.o 
H3BO.llHTbCll B (4). 
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• • 

J - 0,266 + 0.007-fl' 1- 0, 158 + 0,006·11' 

"''c,,--c,0,------;.c--.c----O,,, iv.•:.. ..,.,-~,c" -~,,-~.-~,0 '"'· % 

6 
f'·• --------:;;,.--, 

/• 0,246 + 0,0CJ7·U' 

• 
Pee. 2. 3anC)l(Hicn. Koelf>iuiewra TeJYNI cnoKoIO f KOCTpHlli nwny Bi.a. 

BOJiorocri W (no11epxfUI repn:: a - .D.epeeo; 6 - cT8.Jli.; B -

nJiacTMaca) 

Pe3)'IlhT3TH AOCJli.wl<eHb B1C33YIOTh Ha Te, IUO Ji 36inbWCHfUIM 

BOJIOrocTi. KOCTpHQi nwny~.aoeryH~ Koe4>iirieHT TepTII CDOKOIO 
(CTa.TH'IHHii) 3poCT3€. 3H3<1CHHJI Koe$iQiarry TeJITll CDOICOIO KOCTpHui no 

Aepesy 6i.m.I11e, HbK no CTIUii, a no nJJaCIMaci 6inbWC, uh1e no .a,epesy. 
BHCHOBKH. 3anponoeoBaHa KOHCTpyKUiJI: cywapICH 3a6e3DC'l)'E: 

iHTeHCHtl>iiwtiro npou:eey cywiHIDI KOCTpmti 33 pax}'llOK nocriiiaoro 
nepecunaHHJI. Marepiany, TaKO'.lfC AOClITTlen.cJI piBHOMipue iioro 
npocywysanwi:. Ilpose.11.eHi CKCDepHMCHTaJJLHi .llOCJliJvlreHHJI .llOOBOJIH.JIH 

BCTilHOBHTH laJlC)l(HiCTb Koeipiu:icHTa Tep'rJI CDOKOIO KOCTpHD:i si;i, BOJIOrocti 

Marepiany Ta nosepxui repTJl. 

Jlireparypa 
I, lipHKeTLJ Hl 'IHCTOii KOCTphI JlbHa 6e3 CBJl3YIOtnHX KOMDOHCHTOB 

[EnCKipOHHHH pecypc]. - Pe)l(HM .11ocryny: http://waste.com.ua 
2. ITpoHlBO,l{CTBO TOOJIHBHhlX 6pHKCTOB HJ pacnrreJibHhlX OTXO,l{OB 

[EJICKTpOHHHii pecypc]. - PelKHM .ztocryny: http://www.bio-briguette.com 
3. HcnoJlhloBaHHe ycraHOBKH 6pnKernpOBaHIVI Yli0-2 ~ 

peweHIDI npo6JieM )'THJIHlauHH paCTHTe.llbHblX OTXO,!l.OB (EneKTpOHHHi:i 
pecypc]. - PelKHM .n.ocryny: http://www.evrobriket.ru 

4. Xai:fJiic r.A., ct>e.nopycb IO.B. MexaHiKa poCJUIHHHX Marepian:ie. 
- R}'llbK: Pe.zt.-Blf.ll. eiD.u,iJI JU[TY, 2004. - 302 c. 

PeJJeH3eHm O.m.H., npe<f>. B.<I>. JliOyx. 
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YAK 631.365:633.521 

© l.M. ,lzy.Qapcs, K.T.H., M.B. Mop.11uK 
Jlyll,hKHH HauioHanbHHil TeXHi'IHHH yHiBepcwrer 

osrPYHTYBAHHff KOHCTPYKl.lli CYWAPKM HACIHIDI nbOHY 
omlilHoro 

y cmammi 3anponOHOBDHO KOHCmpyK14ilO cywapKU 0.11.R cunKUX 
pQCJIUHHUX Mamepianie, a mOKO:JIC Ooc11iOxeHO ¢iJuKO-MeXOHi'IHi 

611acmueocmi uaci11.HJ1 .llbOH}' oniU11.0.'.'0. 
CYWAPKA, UACIHIDI, JlbOH OJIJitHHit, Olill'IAllKA. 

DocraHOBKa npofineMH. B YKpaiHi cnocrepiraE'.'ThCJI TeH,.!leul.liJi: 
.no 3pOCTaHHJI nociBHHX HJIOW JILOH}' oniHHoro, w;o l)'MOBJICHO DORHTOM Ha 

Moro HaciHHJI y ceiTi. ,[{o JlhOH}' OJiiiieoro ain,HOC'1Tl>C11 JJl>OH-IC}'.llpllw Ta 
JlbOH-Me3CCYMOK. y HaciHHi IlhOH}'·K)'Jq1'1wa MiCTllThCli 41 ... 45% )IOtpy, a B 

aaciHHi JJhOH}'-MellteyMIC}' - 39 ... 48% [I]. Cre6Jioaa 'laCTHHH MC)l(C)'MKiB 

MiCTUTh 12 ... 17% BOJIOKHa, WO MOlke 6ym BHKOpucnme ltIDI BHpo6HHnna 

TeKCTHJlbHOro BOJIOKHa. BMiCT BOJIOKH8 B cre6n:ax K)'.ztpawie Menwuit: i 
BOHO npH.Qa.THC nuwe Allll BHfOTOBJICHHJI eaTH, nanepy Ta naicyeaJlbHHX 

MaTCpianie. Jlruiua onia, JllC}' o.D.ep;f()'IDTh l HaciHIDI, Mac wnpokHii: cncicrp 
BHKOpHCTaHWI: mucol)ap6osa, WK!pRHa, MHJIOsapHa, xap'IOBa Ta 

4>af>MaueBTH'IHa ra.Jiy3i DpOMHCJIOBOCTi, a TilKOJK k0pMOBHpo6HHl.(TB(l. 
36HpaHHJI Jll.OffY OJllHHOro npoBO,a.sln .llBOMa cnoco6aMH: 

po3J1;iJJ1>HHM Ta npKMHM rcoM6aii:Hys11HHJ1M. BHacniJJ:ok HecnpWITJIHBHX 
noro.ztHHX YMOB BOJJoricn. uaciHWI MOJKe 6ym BHWOIO 33 .a.onyCTIIMC 
lHU'ICHHR. 5hauo BOnoric:n- HaciHIUI BHWC 12%, TO ue npu3BO.D,HTL JlO 
noripweHHJI Haro BJIUCTHBQCTCH Ta BTJ>aTH. ToMy D..1VI iioro 36epeiKemui: 
Heo6xi,zuto npOBOJlHTH Wl)"IHC cywiHHll, IJJO c H8Jl.3BH<laiiHO eHeproeMHHM 
npouecoM. TUKnM <1HHOM, atcrya.rt1>HHMH c .noCJJiAJKeulUl, wo .u;o3BOJIJ1T1> 
3a6e3DC'IHTH 3HH)ICCHIUI eueproCMHocri npouecy cywiHIVI. 

Auui1 OCTauuix JtOCJli.lvlreHi. Ta ny6J1bcauiii. Bi.IJ.oMi 
KOHCTpykUiI cywapok CHilKHX poCJIHHHHX MaTCpia.nie MafOTh HH'll>KHH 
cryniHh 33.IlOBHCHHJI o6'eMY cywHJihHOi

0 

KaMepu, lUO np1t3BOJlffTL JlO 
HCClfieKTHBHOro BHICOpHcraHWI cywH.llhHOI'O areHTa, 3pocTaHIUI 
eHeprocMHOCTi npouecy ta MCTilJJOMicncocri KOHCTpYKUii' [2,3]. KpiM 
ui.oro, M&nO.D.OCJiizoKCHHMH c 4ii3HKO-MCXaHi'IHi enacrneocri uaciHHJI 
ni.ouy oniHuoro. ToM)' euunKac ueo6xi,zuticn. y po3p06ui kOHCTpyKUii 
cywapkH, RJCa. 6 386eJRC'l)'BaJIS ycyneHHll 3a3HS'ICHHX ne.aoniKiB iceyJO'IHX 
cywapoK, a T!Ul:Q)k y .ao.aaTKOBHX JlOCJJizoKCHHJIX 3 BH3H3<1CHHJI 4>i3HKO
Mexaui'IHHX enacTltBOCTeii ttaciHHJI JlhOH)' OJiiiiuoro. 
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Mera aocnW«een•. MeTa .ztOCJii.mtceHwr nomrrac s po3p06Iti 
KOHCTpYKUi'i cywapKH .llJlJI CHRKHX pocJJHHHHX Marepiarris, a TaK0'.11\ 

,a;ocni,zvKeHHi !pi3HKO-MCXaHi'IHHX BJ13CTIIBOCTeii HaCiHHR JlbOffY OJfiiiaoro. 

PeJyJ11>TaTH ,11.0CJli;J;atenL. ,llnJI cywiHH.11 CHRKHX POCJIHHHHX Marepianis, 

30rcpeMa· HaciHH" JJbOHY OJJiiiHoro, nponoH}'£TI>CR cywaprra wi!c.l}, Jura 

2 

' 
6 

7 

IO II lO 

4 

3 

9 

- - CKnKKil ~urrepian _,..,.,.._ cyumnbHH~ are111 

Puc. I. CywapKa cHnKHx flOCJIHHHHX MaTepiMis (npOTIITe<1i11): 
l-cyWHJibH3 KaMepa; 2-Kopnyc; 3-33BaHT8)1C)'BMbHe siKHO; 
~yH1Cep; 5, 6, 7-nepctiopoeaai L{HJliH,Dpff'IHi o6u11aihrn; 
8-uHJiiHApH'lua BCTaBKa; 9-wueK; I 0-n_epe~sani.Hi 
siKHa; I l-3ailo6i)Klli JaCJiiHKH 

MicntTb cymwn.H)' ICaMepy, m:o yrBOpeHa KopnycoM 3 .!tBOX ropH30HTil.JlbHO 

pooMiineHHx L{HJliH,DpH'IHHX 06u11ai:\0K 3 nopoiKHHHOIO MiJK HHMH. 

BH}'TpiWH)l o6H'laih<a Kopnyca BHKOH3Ha nep$opOB3HOIO. y sepxHiH 
<i:acntui Kopnyc o6n8J].H3HO 3aBaHTIUK)'B8JlbHHM BiKHOM 3 6yuKepoM. 
Bcepe.nuui KOpnyca KOaKCiaJlbHO po3Miw,eui nep¢loposaui ll.HJJiH;I.pH<IHi 
o6u<raHKH pi3uoro .a;iaMerpa. Bcepe.zrnui 06W1aitKH 3 HaitMeHWHM 
.lliaMeTpOM po3MiuJ,eua UHJliH.llpH'U13. BCT3BKa., WO BHKOHaHa 3 .llBOX 
06H'laitOK 3 nopOlKHHHOJO Mille HHMH, npH'IOMy 30BHiiulUI o6W1aitKa 
BHKOHaHa nepcpopoB3HOIO. Y CBOIO 'lepry, BCepeJlHHi UHJiiH,D,pH<IHOi 

BCTaBKH po3MiW.CHHA BHB3HTax\)'B3JlbHHit WHCK. Ilpoctip MhK 
UUJiiHJJ.pH'IHUMH o6H'faitK3MH, a TaKO>K HHMH i KOpnycoM Ta UHJiiHJJ.pH'IHOIO 
BCTaBKOJO yreopIO£ 6araroceIC:Qiituy cywHJJbHY KaMepy (cetatii B nepepili 
MaJOTb lf>OpM)' KiJibU,11). I..{wiiHJJ.PH'IH3 BCTaBKa Ta o6utfaiiKH y eepxuiH 
'facTHHi o6JiaJJ,HaHi nepeBaffTilj(()'BallbHHMH eiKH3MH, JIKi £ 3Miw.eHHMH 

o.u:ue BiJulOCHO iHworo. Ilia. 38.BaHTIUKyBWibHHM BiKHOM T3 

nepe88ffT3>KYBa.llbHHMH BiKHaMH nepe.u:6a'leHi 3ano6ilKHi 3acJJiHICH, w.o 

ycyBruOTb MOllCJIHBi<.:Tb nepecunaHHJI CHilKOro Marepiany qepe3 O.llffY 

ceIC:UilO BHH3. B Me*8.X ICO)l(HOi. ce1<Itii" cyWUJZbHOi° KaMepu nepe.116a11eui 
nonaTi, llKi npH£A:H3Hi JJ:O ,.!1,HCKa., IUO BHKOH3HHH 3 MO)l(JIHBicno o6epu.HHJI. 
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3 o6ox TOpUiB .llO KOpnyca KpiIIJlJIThC.11 KpHWKH 3 OTBopaMH nizl narpy6KH, 
DpHBO.llHHff BaJI Ta BHBaHTrulcyBa.llbHHfi WHCIC. 

Ili,n '18.C po6crm cywapKH CHDKHH MaTCpiaJJ 3 6yHKepa Ha,.llXO.llHTh 
B nepuq,epiiiH)' (lOBHiWHJO) CCKUiK> cywHJibHOi KaMepu. B uiii ceKuil Milk 

cycia.HiMH JlOD3T.llMH 4>oPMY€TbC11 nopuia CHRKOro Marepiarry' IUl'.3 

nepeMiIQY£'fbC.11 HHMH CCKUiCJO .!lO nepeBllHTillK}'BaJJbHOro BiKHa B HacTyIUI)' 

ceKuilo. J{ani npol,leC DOBTOpIOCThCJI B ycix H8C'l)'DHHX ceKUillX. 

)J:ocJ1rnyewu nepeeaHTIDIC)'BMbHOro eitcua o U,HJiill,Qpu<n1iH BCTilllui (ro6ro 
npoiiwoewu OCTaJIHIO ceKUifo), CHDKHii MaTepian Ha,.llXO,!lHTh B po60'liii 
npocTip BHB3HTaJK)'BaJJbHOro WHCK8, llKHM BHBatrraXcyCl'bCJI 3 cywapKH. 

nu. '13C nepeMiWCHH.11 CHDKOro MaTepia.ny cyWHJibHOJO KaMepOIO 

ei,!t6yaacri.c• Moro cywiaHJI. KouC'lpyKuiil cywapKH ,11;01eo.11Rc peani3YB8TH 
cywiuHJ1 e )lBa cnoco6u: 1 eneMeHTaMH npHHUHny npoTHTC11ir ra 3 
e.JICMCHT3.MH DpHHU,Hny npxMOTOKj'. y euna.zucy DpOTHTC'lii cywHJil>HHfi: 
areHT Di.llBO,!{HTbCH '1Cpe3 narpy6oK B nopo)l(HHH)' U,Hilitf'APH'IHOi BCTIUIKH, 
3Bilucu 11epe3 i"i 30BHiWHK) o6H'laiiKy, lllO nep~poBaHa, nia,BO)l,HThCll )10 

CHflKOro Marepiany B cyWHHDHiii KaMepi. CywUHDHHU areHT, npoXO)l,ll'IH 
11epe3 cunKHU Marepian ecix ceKu:iii eiiz llCH'IJJ3 )lo nepaif>epii e 
pa,11ianbHOM)' HartpllMKy, ni.a.cywy£ Moro Ta si.aBo.zum,cll '1Cpe3 BH)'TpilllHK> 
o6a'l8ihcy Kopnyca B iioro nopo)l(HHll)' 3Bi.nKH '1Cpe3 naTpy6oK HaJOBHi. 

y BHRa,llKy npntOTOKy pyx cyWMbHOfO areHTa 386elne'l}'£ThCJl 
Bi.it nepalf>epii' ,110 uempa cyWMLHOi KaMepu T8KHM 'IHHOM. CywHJILHHii 
areHT 11epe3 naTpy6oK 118,!lXO)l,lf'fh B nOpo2CHHH)' Kopnyca, 3Bia.KH 
ni.lleo,11.nn.cJI '1Cpe3 BH)"lpiWHK) o6H11aiitcy Kopnyca ,110 CHRKOfO Marepiany. 
IlpoXO.llll'IH sci CCKU.ii Bia. nepu<l>epii )1,0 llCHTpll B pao.iani.HOM}' H8IlpJIMKy, 
cywuni.uuff areHT ni.a.cymy£ cunKHii Marepian Ta eiz:teo)l,lf'fbCll e 
nOpo)KHHH}' uHlriHJqlH'IHOi BCTaBKH, 3Bi.Iurn 11epe3 Rll'lpy6oK BHBO)l,UThCll 
H830BHi. 

3anpononoBaHa KOHCTpYKUill cywapKH )l,03BOJlll£ 36inbWHTH 
C1)'IliHb BHKOpHCTaHIDI o6'£M)' cyWHJibHOi kaMepH, a, BiAnOBia.uo, 
ni.a.BHUUITJI npo;zyKTHBHiCTb Ma.UIHHH Ta 3HH3HTH euepro£MHiCTb npouecy 
cywiuwt. 

Y npoueci cywiHHJ1 ei,n6ysa£TLCa nepeMiIIttHHJ1 Marepiany 
(uaciuHSI) eJICMCHTaMH KOHCTpYKUii cywapKH. ToMy IWKllHBHM £ 
.llOCJii.ivK:eHHll ¢ii3HKO-MCXaHilfHHX BJl3CnlBOCTeit uaciHIDI, IQO )l,03BOJIHTh 
epaxyeam enaCTHBOCTi Marepiany ni.n qac o6rpymyeauHJ1 napaMetpie 
cywapKH . .QH• .ztocJiiD.)l(eHHSI pyxy Mll'repiany cywapKoK> BIDKllHBHMH £ Horo 
tflpHKLtiiiHi BJiacTHBOCTi. PeJyJTt.TaTH eK-cnepHMCUTaJlbHHX ,o;ocJii;nKeub 3 
BH3HalfeHHa Koe<fiiui£HTa TepTll CDOKOK> HaciHIDt JlbOH)' OJiiffuoro 38 pi3HOi 
BOJJOrocTi Ha piJHRX noeepxHllX npe.ucneneHi ua puc.2. ,[{ocJii;uKeuHa 
npoee.zteHi 38 MeTO)l,Hl(OK), WO H880.llHTbCJI B [4), 
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• 
• 

• 
• f~ 0,0)8 < 0.026-lfi .. ,. II",% ~~--~,",--~,,--~ W.% 

• ' 
l 

• 
( ~ 0,!6l! + 0,033·W 

'" " 1• IV. 'Yo 

• 
PHc. 2. 3anelll:Hicn. KOe<(>iU:iE:HTa Tepul CDOKOJO f HaCiHHJl JIWHY OJJiiiaoro 

Bi.It BOJiorocri W (nosepxH11 TCpYH: a - )lepeso; 6 - crrun.; B - IIJI3CTMaca) 

Auani3 J'.l;OCJlin.HHX .nattHX ,!l;OlBOJlJIC lpOOHTH BHCHOBOK, mo Ji 
36inLWCHHJIM BOJIOroCTi HaciHIDI JlbOH)' oniHuoro Koe$iuieHT TCpTII 

CHOKOJO (crant:'IHHii) 3poCTac. 3ua<1CHHJI Koe$iuielfl)' repTil CDOKOIO 

HaciHHJI no .a:epeey 6in1.we, Hbtc no crani, a no nnacTMaci 6i.n1>me, Hill( no 
,!{epeBy. 

BaceOBKH. B pelyJJburri .n.ocni.tokenb 3aI1ponouoBaHa cywapn 
CHIIKHX p-OCJIHHHHX Marepianie, lllO 386e3ne'l)'C cywiHHll 3 e.neMCHTaMH 
npHHUHny Dpon!TC'Ill Ta 3 e.neMeHTaMH npuHUHny npllMOTOK)'. 

KoacrpyKu.iR cywapKH JJ.03BOJ111£ J6in.LWHTH czyniHL JanOBHCHWI 

cywH.111.aoi KaMepu, a, ei,!uioeiiulo, nin.BHlllHTH IT npoJzyKTHBHicn.. Y 
pel)'JlbTari eKcnepHMCHTil.nbHHX ,n;ocni;vKeHb o.nep>KaHi 3H8<fCHIUI. 

Koe4iiuieHTie TepTll cnoKOKl uaciHHll JILOH)' oniiiuoro no pilHlfX noeepxHJ1x 
Ta 3a pi3HOi BOJIOrocri. 

Jlirepa'l)'p3 
I. Conoenee AJI. Jh.ttoeo,l.lcTBO. - 2·e H3Jl.., nepepa6. H ,l.lon. - M.: 

ArponpoM.H3,l.l8T, 1989. - 320 c. 
2. rmo6ypr A.C. 0cHOBbl TeopHH " TeXHHKH cywKH nuw:eeblX 

npo,izyicroe. - M.: flmu;eBM npoMblWJICHHOCTb, 1973. - 528 c. 
3. 0cHOBJ,I pacqeu " KOHcrpyupoeaHIDt MaWHH H 88TOM8TOB 

nuw:eebIX npou3BOJJ:CTB I flo.u: pe.u:. CoKOJJoea A.R. M.: 
Mawuuocrpoenne, 1969. - 638c. 
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4. XaHnic r.A., <l>e.nopycL IO.B. MexaHiKa pocHHHHHX Marepiarrie. 
- JlyUDK: Pe).{.-BH,l],. eizuti.n JWY, 2004. -302 c. 

PeijeH3eHm iJ.m.H., npo</J. B.</J. /liOyx. 

Y)ll( 539.3 

©H.B. 3,1ton6iuLKa; M.B. )l,emiocbKHH, .n;.T.n. 
Jlyiu.KHH eauioHaIThHHH TeXHi'IHHii yHiBepcHTeT 

MATPl1'1Hl11il METOA P03PAXYHKY nn11T 
HA nPYJKHllil OCHOBI BIHKnEPA 

3anponOH060HO niOxW iJo po3paxyHK)J Hanpy.»ceHO-
OetjJopMOBQH020 cmaH)l opmomponuux fl/lUm Ha npy:JtCHiU OCHOBi Bi111U1epa. 
MemoiJ 6a3)'CmbCR Ha mO'lHOM)' po38 RJK)' Ou</Jepeuqia.Jl1:>11020 piBHJlHHJl 
3ZUH)l moHKUX opmomponuux IVIUm Ha maKiU OCH06i. I'paHU'lHi YM06U 
3adoBOJfbHJl10mbCR MemoOoM KOJIOKOJJiit. 

METO,l(, ll.JIHTA, 3rHH, BIHKJIEP, MET0,!1, KOJIOKAQill. 
Docr1aoa1<:• npofiJleMH. Y po6ori 3anp0noaoBaHo Matpwurnii 

MeTO.ll. po3B'Jl3KY 3a.lUl'li npo nonepe<IHHii 31'HH TOHJCOi opnrrponuoi" JLIJHTH 
Ha npylKHiii OCHOBi BiHIUICpa. OipHMaHi <IHCJIOBi pe3)'JihTaTH B CHCTeMi 

Maple JUUi pi3eux yMos Ha KOtrrypi lUJHTH. Ilo6y.u:oeaHo rpailJiKH 
p03B'"3KiB 6a30BHX .o:uil>ePenuiaJILHHX piBHllHb. ,n&HHA arrropmM E: cTiiiKHM 
1.QOllO BH6opy TO'IOK KOJtOKaUii 

Auanb oaaeeix ,11,0CJ1.i,imeu• i ny6Jlhclu.iii:. PooB'I30K u;ier 
38,!J;a<ri .lUUI Kpyrnor 1U1aCTHHKH 6yno npe;:i;craBJJeHo y BHrIDl.lli creneeeeux 
ps.D:iB 'IH cjiyuKr.tiii 6ecceID1 [I). A.T.BacHJJeHKO po3B''13Y£ KJiac 38,!J;&'I npo 
3I'HH enirrrn'luoi aeiJOTponuoi ruJHTH y surIDl.lli creneuesux pR.D;iB (2]. 
BennKaHoB n.r. JanponoeysllB Mero,11, eenpsMHX rpaHH'IHHX eneMeeris 
(MHrE} .ztrul ilOTpoHHHX HJtacTHH Ha CKJJa.ztHiil .D,BOH3paMeTpfftl:Hiii 

Dp)')ICHiii OCHOBi (3). 
Menno llOCJliA*eH• e po3po6Ka Ma'l'pH'IHoro Mero.II.)' po3paxy111cy 

Op'I'OTpOHHHX ruJHT ua npj')KHiii OCHOBi BiuKJiepa. 
Pe:iyn•TaTH ,11,0CJ1m.eet.. OcHOBHe piBHIIHHJI 3ruey rouKoi 

OJITOTpoHHOi
0 ru:ntTH Ha npy)l(Hiii OCHOBi BiHKJJepa Mae BHTIDIJJ. [4]: 

O'w ( ) a•w O'w 
D,,~4 +2Du+2D66 -·i -2 +D22 - 4 -+Kw;q, 

Ox1 Ox1 & 2 dr2 

(I) 
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n.e D
9 

- )!(OpCTI<:ocTi nJIHTH ea JrHH i Kpy<1eHHll; q - Ha88.HTalKeHHJI 

npuKJUlJ(eue n.o eepxut.oi cropoHH nJIHTH; K0 - 1eoeq,iu.ieHT X\OpCTKOCTi 
OCHOBH. 

IlpornH runrrn npe.11CT8BJleHo y BHrJU1.11;i [4,5]: 

.(x, ,x,) =II {R/!k,w/:k.<x, ,x2 )+ R/!),w/:\, (x, ,x,)+ 
l=l~"'I 

+ R/:J,.w/;'k,(x1,x2)+ R/?\,w/;'j,(x,,x2 ))+ ff w;,(x1,x2 ), (2) 
m=ln=I 

,IJ.e ii>YHKU,i'i Wv~J(x1,X2), wk}4)t(x9,X2) 3a aHanOriEJO 3 MeTO.ll;OM 

CKiH'leHHX eJleMeHTiB HR3B3HO KOOp.zutHaTHHMH 4>YHICIJ;illMH nporHH)' 

nnHTH, a w,:,, Bianosizulo $yuKU:i.llMH HaBaHTWKeHHll IlilHTII BiaHOCHO 

nponmy. 
TaareHuian1.ai nepeMimeuua: 

u,(x,.x, )= -x,II ~/!k,u/!k,(x,.x,)+ R/!\,u/!\, (x,.x,)+ 
.t=lv=l 

+ Rl;J2kut;ik (.t1 ,X2 )+ R[;iku[;~k (xi, X2 )}- X3 i: f. u:n(x1,X2 ), (3) 
mmln=I 

+ R/;J,.v/;'},. (x1 ,x2 )+ R/;\,v/;'},. (x1 ,x2 )\-x2 ff v;, (x, ,x2 ). (4) 
m=ln=I 

3mHaJILHi MOMCHTH: 

+ R/;k,x/;j,. (x1,x2 )+ R/;\,x/?\,(x1,x,)\- f f:x;,.(x,,x,), (5) 
,,,_ln"'I 

+ R/;k,r/;'/,.(x1,x2 )+ R/;\,r/;'j,(x1 ,x,)\-ff r;,(x1,x2 ). (6) 
m=ln=I 
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+ ,q/;j,.z/;b,(x1,x2)+ R/;\,z/;\, (x,,x,)\- ff z;,(x,,x,) (7) 
m=l11"'I 

nonepe<1ui cHJiu: 

Q,(x,,x, )= - f ± w:~.r/:k.(x,,x, )+ R/:~.r/:i.(x,.x,)+ 
k=IV=I 

+ RJ;b,r/,;'k,(x,,x,)+ R/;\,r/,;'j,(x,,x,))-ff r~,(x1 ,x,\ (8) 
m•l11•l 

+ R/;j,.G/;b,(x1,x,)+ G/;\,r/,;'l.(x,,x,)\-ff G:.,(x1,x,). (9) 
m•lnal 

+ ,q/;j,.J/;b.(x,,x,)+ RJ;\J/;\,(x, ,x,))-ff J;,(x1,x,), (10) 
m•ln•I 

+ R/;b,H/;j,.(x1,x2 )+ R/;\,H/;\.(x1,x,))- i:i:H:..(x,,x,). (11) 
m•ln•I 

Ceec BBC.!ICHHX l)yHKUiii TaKHit CaMHii JIK Will nporHH}'. 3 MeTOIO 

e«t>eKTHBHOrO BHKOpHC'raHH.11 OTpHMaHOro po3B'll3K)' npe.a:CTIUIJlll£MO Horo y 
Ma'l'pH'IHi q,opMi. )J.nll ru.oro y q,opMyni (2) BBO,llHMO 003H3.'ICHH.ll. 

AuaJiorilfllo 

w(~b.t=Wvt, v=J.;.4; (12) 

w(~t.t =Ww, v=5+8; (13) 

w(.,2~2t =Ww,, v=9+12; (14) 

w(;A .. =wl'A:, v=l3+16. c1s> 

Rj~~ .. =Rvt, v=l+4; 

Rf!~k=Rv11, v=5+8; 

R/;J21 =R"", v=9+12; 
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R/;J2.t =Rvk, v=l3+16. (19) 

•• 
L;L;w~.(x,,x,)=w·, (20) 
..... 1 .... 1 

TO.n;i JriAHO ( 12)-( 19) npormt 38.llHWCTbCJI . " w(x,,x,)= L;L;w,,(x,,x,)R,...w". (21) 

BBiBWH O.IUIOpRJJ.KOBY MaTpHll,IO 3 KOOp.IJ;HHantHX $yttKUifi. 

[w,,]=[w.,,w,., .. .,w",] i 

{
R,.} 

{R..i;} = ~~-k - BeKTOp pRJlOK 3 HeBi.nOMHX napaMeTpiB, 

R161: 

" cyM)' Lw"*(x1,x2 )R"* lllMiHHMOHa 
v-l 

" L;w,,(x,,x,)R,, =[W,MR,}. (22) ,., 
BBO,DJIMO rinepMaTpHIUO i rinepseKTOp HCBi;IOMHX. 

ffw]=ffw,l[w,1 ... ,[w,],. .. ] .. ••'P""'· ...... ,... ... 01 < 

MaTj)HUi [wvk] i BeKTOPH 

{R,} 
{R,} 

,Jl,e k=l,co. 

{R,} 

OcraTO'IHO epaxoey1011H (22) npornu no.n;aeMo B MRTpH'IHiH <f>opMi 

..{x,,x,)=ffw]{{R}}+w·. (23) 

no.a:i6HO JanucylOThCJI BHpa.3H (3)-(11) )VlR nepeMiW.CHD, 
MOMCHriB i nonepe'IHHX CHJI: 

u, =ffu]{{R))+u·, u, =([v]{{R}}+v·, (24) 

M" =ffx]{{R))+x", M22 =llr]{{R}}+r", (25) 

M12 = ffz]{{R}}+ z", (26) 
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Q, = ffril{{R}}+ r", Q, = ffG!l{{R}}+ G", 
v, = ffJil{{R}}+ J", v, = ITHil{{R})+ H 0

• 

(27) 

(28) 

,lLIJa KOlKHoi" 3 UHX BeJIH'IHH BBOJVIThC.!l BJJaCHi KOOp,!lltHaTHi 

MaTJnnti i BiJJbHi qacmuu: 
- AJUI T3HreHuj&nbHHX nepeMiutCHh [U], [V Il, U" , V"; 

- JlJUI 3fltH&nbHHx MoMewrie [x], [r], x·, r·; 
- JlJUI KpyrHJibHHX MOMCHTi.B [z]' z•; 
- AlUI rronepe'IHHX CH.JI [r], Han. r·. o·; 
- y38I'3Jl1>Heni nonepe<1ei cunu [J], [H], J 0

, H". 
CytcynHiCTb BHpa3iB (23)-{28} yrBOplOlOTL MaTeMaTH'lffY MO.!leJlb 

TOHKOI OprotpODHOi DJIHTH H3. npy»cttiH ocuosi BiHICJiepa. 

PoJrIDIHCMO KOHKpeTHHH npHKIT8,ll;: nnHTa JlBll nponrnelKHHX Kpai 
JJKoi siJJ1>HO o6inepTi, a .aea iuwux siJJ1>ui (pHc. I). 

PoJrrui.eeMo np!!MOK)'TH)' 3Mi306eroHH)' nnuzy 3 po3MipllMH 

2a1 = 8m, 2a2 = 6m i TOBW.HHOIO h = 0.3m ni;J; CTa.JIHM HaB8HTalKCHIDIM 

q = 1.96· tol N/ m2
• B o611ucneuID1x 3aiti3o6erouaa DJIHra Ja.MiHeHa 

O,.!lHopin;HOIO Opn>TPODHOIO MHTOIO 3 ycepeJIHCHHMH MO.IJYIDIMH 

np)')KHocri, .111d BH3H8'1aIOTLCJ: ua ni,ncnmi tPoPMYJI 33.DpODOHOBaHHX 

ry6epoM (6]. )J;o p03pax)'HKiB BH6paHO TaKi 3113.'ICHWI )f(QpcTkOCTCii Mimi: 

D,, =3.13-lo' Nfm 2 ;D,, =6.19-107 Nfm 2
; 

D12 =4.39·107 Nf m2
; D66 =3.37·107 Nfm 2

; 

K 0 =5.88·107 N/m 3
• 

rpaHlfllHi YMOBU ua KpaJ!'.X DJIUTU ~OBOJILWllOTbCR MCTO,ll:OM 

KOJIOKau,iH, To6To JIUWC B OKpeMO TQtnrax kp3fO 

Xi = ±a2' eu6paHHX 38 lfioPMYJIOIO (S]: 

a- a-(·} 
Xie =-'-+-1 k -l, 

2K. K. 
(29) 

ll,e K. - lciJibl(icn. TOI.IOI( l(QJIOKauii; k. - HOMep TO<!IGI KOJIOICaUii Ha 

Bi.zJ.pi3K)I aj,j=l,2. 
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" 

-al at 
PHc. I. CxeMa DJIHTH 

P03IlHWCMO YMOBH Ha KO;KHOM)' KpalO nn1rrn: 

a) aa cropotti 1 (x1 ""-a1, -a2 :s; x2 .:'ia2): 

ii 
.t 
! xl ; 

.{x,.x2J.,._0 , =ffWill,,.-o, {{R)}+wl,.-o, =0, 

M,,(x,.x,l,,._0 , = ffxlll,,._0 , {{R}}+ xt•-o, = 0; 

b)Hacropoei2(x2 =a2, -a1 :S:x1 :S:a1): 

M 22(x,.x2 l,,.0 , = ffYDl.,.0 , {{R}}+ Y'L,.o, = 0, 

V,(x,.x,J.,.0 , =ffHill,,.0 ,{{R)}+Hl,.
0

, =0; 

c) cropoHi 3 ( x1 = a1, -a2 .:'i x 2 S a2 ): 

.{x,.x,J.,.o, =ffWill,,.o,{{R}}+wl.o =0, 
' ' 

M,,(x,,x,l,,.0 , = ffxlll,,.0 , {{R}}+ xl,.
0

, =0; 

d} ea cropoai 4 ( x2 = -a2, -a1 :S: x1 S a1 ): 

M,,(x,.x21,,._o, = ffYDl,,.-o, {{R)}+ Yl,.-o, = 0, 

V,(x,,x,J.,._o, =ffHDl,,.-o, {{R)}+Hl,.-o, =0. 
3anKlllCMO ui YMOBH B M8YpH'IHOMy BHrJIR,U.i. 

[MHR}+{P}=O. 
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M= 

w"I -·· x·L, 
r·1 ., 
H"I 

' {P}= w·1'' 
,, 

x"I ,, 
r·L, 
H"I 

~, 

Ha KO>KHiA CTOpoHi MaE:MO no .llBi KpaiiOBi YMOBH, a HCBi;:J;OMHX 

napaMerpiu 16. Bpaxysaswu, wo lf>yttKUii w{x1,x2), M11 (x1,x2), ... , 

V2(x1 ,X2) MO>KHa p03Kll8CTH Ha CHMeTpH'IH)' i atnffCHMeTpH'IH)' "18.CTHHH y 
pe3yJibTati OTpHM}'€MO cyMicuy CHCTCMy 3 JiiHiiiHHX an:re6pai<mHX piBHIHL 

aa aeeizloMi Koelfliui€HTH. 
lanHWeMO .llJlJI DpHIQla.ll)' M3'I'pH'IHC piBHIHHlll ,ltrul nporuuy 

r- u.} r- 11~ } [fw,] [ol .l{ {ii,}} 
w=LW.1:ft"'.t +LW.1:+sftKk+s +P= (o] (Wt+sU {Rt+s} +P, 

k = 1,8, 

.lie [W.1: l {Rk} - aizmoei,aHo cHMerpn11Ha 'laCTIIHa nponlll}' i 

ueainOMHX KOe4liuit:HTiB, lWk+Bj {iik+8} - Bin;noeizufo aHTHCHMe'l'pH'IHa 

'lacmHa, [o] - H)'JJE.Oea MatpHUR. 

Po3po6JieHo nporpaM)', JIK8 caMa reeepyt: MatpHU.IO ei;:J;noei;:J;Ho .n:.o 
rpaHH'IHHX YMOB i BH6opy KilibKocri TO'IOK KOJIOKaUii". Ilpu k = 1 M3€MO 16 

piBHJlllb 3 16 ueeinoMHMH, npu k::: 2 Maoto 32 piBHIHIDI i T.,ll. y 
3aJle;l(ffOcri ei,n. TO<fHOCTi Ha6JIH)l(CHHJI pooe'.113gy. 

Ha OCHOBi OTpHMaHRX pe1yJ1bTaTiB npoBe.lleHO o6<1HCJ1eHHl1 

npornH}', nepetvrimeHb, MOMeHriB y KO)KHiii roqu.i OJIHTIL 

Ha puc. 2 IlO.llfillO 3araJJbHHii BHI'JIJl.ll noBepxHi npornH}' runrrn. 
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-4 .3 -2 ·1 
0,00002 

0,00~+ ..... 

,00000 

0,00000 

' ' ' 
' ' ~ 

• • • ., ., 
'""" 
0.00002 

0.00003 

• 
OJKlO\ '1 O 0000! '3 

a) 6) 

' ' ~ 

' .. 

Puc. 3. U,eirrpani.HHU nepepi3 noeepXHi npomH)' llJIHTH: a) x1 = O, 6) x2 = O 

13 DOllaHHX rpa4JiKiB BH)l;HO, WO OO'IHH8IO'IH 3 3 TO'IOK KOnoKau;ii 

KpHBi .IVVl nporuuy npaKTil'IHO cniena.zwcm.. Kpuei .IVVl 3 i 20 TO'IOK 
ICOJIOICau;i'i B u.eirrpani.HiH '13CTHBi eizlpi3HHIOThCJI ua 0,07%. 

Ha pnc. 4 00.llaHO npocropoei rpa<l>iKH 3MiHH MOMeHTie M11• M12. 

rpllHH'IHi YMOBH Ha ei,nnoeinHHX KpWIX BHKOHYIOThCll TO'IHO . 

• 
• 

.., 
• " . 

"' ·• '" ••• 

• • • • 
•) 6) 

Puc. 4. MoMeHTH: a) M11• 6) Mii 
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BucuOBICH. y po60Ti OTJ)HMaHo po3B'll30K J1Ul8'1i 3fHHy TOHKOI 

opTOTpOnuoi npllMOK)'THOi nJHlTH ua np)')kHiii ocuoei BiHKnepa. Ha 
KOHKpeTHOMY npnlOUUli DOK3.38HO M8TJ>H'IHHH cnoci6 npe,ll,CTaBDCHHll 

ocuosunx cnieei.auoweHb, criiiKicn. no6y.uosauoro MrOpHTMY mo.no 
en6opy TO'IOJ< KODOKaUil. rpaHH'IHi YMOBH 38,ltOBO!ILH.lllOTbCJI 3 .Q}"Ke 

BeJJHKHM cryneHCM TO'IHOCTi. 

Jlirepazypa 
1. THMOWCHKO C.Il., BoiiHOBCKHH-Kpurep C. IlJiaCTHHKH H 
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OCHOBi" // CyqacHi npo6JJeMH MeXaHilCH Ta M3TeM8THKH: B 3-x T. - JlbBiB. -

2008. T.2. -C. 40-41. 
6. Huber M.T.: Teoria plyt prostok~tnie r6i:nokierunkowych. 
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Y)IK 531.3 

© B.Il. Kos6aca, Jl.T.u. 

Hauiouani.euH )'Hi&epcureT 6iopecypciB i npupo;:i:oKopuctyBaHHJI YKpaiHH 
B.B. JlpoweHKO 
,, T erpa Y Kpai'Ha JIT JI." 

P03noi:11n HAnPYJKEHb y CltnKOMY CEPE,QOBl11111 
06MElKEHOMY CTIHKAM11 cnOPYAM Cl1flOCHOro TMnY 

Ha ocHoei meoptT nJtacmu'lHOCmi po3B '113a1UJ 3a0a'la npo po3noiJi.n 
KoMnoHeHmiB HanpyxeH& 36 '113Ho20 cum<<WJ cepeiJoeuiqa y cnopyOax 
CWIOCHOZO muny. 
HADPY)l(EllIDI. CHITKE CEPE.l!OBHIJIE, IIJIACTll'IHICTL. 

IlocraHOBKa npo6ner.tn. y npoMHCJIOBOCTi Ta ciJILCbKOMY 

rocno,napCTBi AID!: 36epirruttvl CHIIKHX Marepianie WHpoKe nowupeHfUI 
MaIOTL cnopy,IUI cHJJocuoro rnny. Ilpu llLOMY .no renepiwHI>oro 11acy He 
iCH)'£ a,ll;CKB3THHX pe3yJILT3.TiB reopenr'IHHX .a;ocni,wKCHb UlO.llO BH3H3'1CHHR 

THCK)' CHDKHX Marepianie Ha criHKJt CKJIOCiB Ta YMOB po3BllllTIDICCHHll 

Marepiany nin. .D.i£IO rpaeirau;iifHHX CHJI. llpupo.n.a yraopeHHll CKJleniHb Ta 

BnnHB Ha CKJJenoymopeHHJI MCXa.Hi<JHHX BJlacTHBoc:reii He .llOCTD.THhO 

BHB'ICH8. 6inbWiCTb PC3)'JibT8TiB JlOCJiizvtceH& IQO.ll,O MexaHiKH CHDKHX 

cepe.noeuw. 6a3yeri.c• Ha reopii' nnacTH11aocri, npu W.OMY cnnKe 
cepe.noBHll{e BBIDKaCTl.Cll i.D;eani.Ho CHRJCHM. liini.wicn. pelYJILmriB 
.llOCJli.D;JKeHI. rpyHtyCTl.Cll Ha pe3YJILTI\TaX eKcnepnMeHTiB j He HOCITTI> 
.llOCTaTHi.oi" }'lararri.aeaocri [!). Teopeni'IHi .u:ocJii.D;lK:enHll o6MellC)'IOThCll 
po3B'll38HHllM Haii6ini.w npOCTHX Bnna.zuci.B CTaTHKH CHUKOro cepe.u:OBUUUl 
[2,3,4] a6o .llHHaMiKu cepe.n.oBHUUl no aHarrorii" J Hi.IOTOHOBCLKOto 
pi.lut:uoto. (5] 

Menno .llaHHX .u:ocJii.zvKeHi. £ BCTIUIOBJieHHll JB '•3KiB MexwWIHHX 
BnaCTHBOCTeii CHRKOro cepe.a;oBHil{a, rc<)MeTpH'IHHX napmtetpiB CHJIOC8 3 
uanpYJKCHHll.MH y cnopy.u:i Ta yMOBllMH rpmlH'IHOi piBHOBarH MaTepiana, 
KpiM BHJHa'leHH.11 4K>PM niuiii KOBJaJIHJI npH nopyweHHi rpaHH'IHOi 
piBHOBarH. 

J{Jill .llOCllrHeHHll UOCTaBJieHoi' MeTH po3B'JIJyB8JIHCL HacrynHi 

- BHJHa'leHHil KpUTepiii rapHH'IHOi piBHOB<ITTI .lllll JB'll.Juoro 
cHnxoro cepe.11oeuwa. 

- BH3tta'leHHJI poJno.u:iJiy KOMnoueuTis HanpyiKeHi. y cnopy.11i 
CHJJOCHOro rnny. 

- BHJHa'leHHJI <i>opM Jiiuiii KOBJaHHJI. npu Hacrauui UJI8CTH'IHOCTi. 
(Tetcy'IOCTi). 
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PeJyni.TaTH .110CJiiwlteHb. B 6aran.ox npouecax npu tl>opManiJaUii 
MaTepianiB i Cepe.!IOBHW, 3aCTOCOBycr&Cll MOJlenb CHDl(QfO ,!J,HCKpernoro 

cepe;:i;OBHlU,3. )l.o TaKHX MO.!l;CJieA npHXO.llSITL y BHDa.n;KaX Jt>opManiJaUii 

npou.eciB DOB'.1138.HHX 3 3epHOBHMH MarepiaJlaMH, KOM6i1<opMaMH, 

npo;zyKTaMH nepepo6KH 3CpHOBKX, 6o6oeux Ta oniil:enx. JCY.llLyYp. Ilpn 
IU>OMY ui M3TCpiaJIH M8l0Tb cyrrtBi Bi.zl.MiHHocri y Mexatti'IHHX 

BJlacTIIBOCTJIX, 30KpCM8 lpaHH'IHOMY Hallp)"1CCHHi 3C}'By, noqaTICOBOMY 

HaDpylKCHHi 3C}'By, KOC!l>ini.£HT8X BJtYIPiWHhOfO Ta 30BHiWHE.OfO TCpTll. 

ToMy, npu <l>opMarril8llii npouecie .IJY'kC erutcm1euM c epaxyaaaeI II.HX 
BJJacTHBOCTtii DpH BH3Ha'ICHHi YMOB pyxy TaKHX Marepian:ie, BH3H8'1CHHi 

HaBaHTIUICCHL 3 6ogy M&TepiaJJiB Ha KOHCTpyKUii, cnopyn:u Ta po6o'li 
opraau. KpiM roro, BOOKJIHBHM e JHaHWI BCJIH'IHH 30BHiWHix enJiueie npH 
Heo6xizleocri nepeMiIUCHHll IUIX Marepianie Ta 3MiHH ix BJiacTHBOCreH. 
Oco6JIHBO Ba)kJ]ffBHM c 3a6e3ne11eH1U1 yMOB p0388HTIDlreHHll cnopy'A 

CHJIOCHOl'O THny. 

BHXO,IVl'IH 3 BHU(003H8'1CHOfO 3HllHHJI 3B'J131d8 KOMDOHCHriB 

HaDp}')KCHL TilKHX MaTepiaJiiB Til YMOB nopyweurut piBHOB8rH MU 

Ha,113BH'laiiHO B8lKJIHBC 3H8'1eHrut. y BirlnoBirlHocri 3 TBCplOKCHHJIM Xaapa 

Til KapMaaa KJiaCH'IHa reopiJI RJ1acnt"1Hocri Ta reopi• rpa111P1Hoi piBHoaam 

rpyHTiB ('reopi• CHDKOOO cepe.D,OBHU18} M8Kl'Th cninLHe nillrpyHTII, TOMY 

aHa.Jli3 CHOKOl'O cepe,ri:OBHIQa DpOBOAHThCJI 3 JaCTOC)'BaHHJIM MeTI>D,iB 

KJ13CH'IHOi reopii" rmacTH'IHocri. 
0,11Hi£10 3 Haii6iJii.w DOWHpeHHX Ta uaii6i.Jri.w JaCTOCOBYBaHHX llO 

CHDKOl'O cepe.ri:osuw:a KpHTepiTB OOBHOi IUl8CTINHOCTi (yMoBH rpBHH'IHOi 

piBHOBarH) e ICpurepiii TpecIC8, Jri,ri:eo 3 JlkHM yMoBa rpattH'IHOi pisuosarn 

Ma£ BHrrum: 

<T;=C'1,a1 -a3 =2k, (I) 

.ri:e (]'/, CFi, <T3 - roJIOBHi Hallp}')KCHHJI B CCpe.11,0BHW:i; k - KOHCTaHTa, w:o 

xapaicrepH3Y£ rpaHHUK) nepexOJzy cepeD,0BHW:8 y UJl8.CTif'IHHii CTaH. 

)lJul: BH3H8'1CHHJI BCJIH'IHHH k (T06ro YMOBH piBHOBarn) MOllCHa 

CKOpHCTilTHCJI KOJ18MH Mopa (puc.J ). 

Ha pnc. l 003H8'1CHHJI Ma.JOTL HaC'l'yDHi 'fPatcTOBKH: •o -DO'lllTKOBe 

Hanp}')KCHHJI 3CYBY JlJlJI 3B'J13HOl'O CHOKOl'O cepe.11,osuma, 'P - 11'.Yl' 

BffYTPilIIHLOl'O TepTII cepe.11,0BHUUl, <T1 , CF1 , <T1 - l'OJIOBHi Hanp}')KCHHJI B 

cepellOBHW:i (Bi.nnosi.D,uo uaii6iJli.rne, cepe,llll£, ra uaHMeurne). 3riD.Ho Orro 
Mopy, CA1 n CA1 - niuii" KOB38HHll no JlkHX ei.n6yBaCTLCJ1 OJJacTH'IHa 

Te'liJI a6o nopyrnycrLCJI cyn;iJILHiCTL. CniBBiJJ.HOIUCHHJI Mi)K KOMDOHCHT8MH 

Hanp}')KCHL H3 JliHiJIX KOBJaHHJI M8IOTL BHl'JIJID,: 
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( ' 0 On 

' ' 
O; A; 

o, 

Puc. I. Kona Mopa JUUi BH3Ha'leHHll. cniseituloweHb Mi;K KOMDOHeHTaMH 

Hanp)')KeHL Ta YMOB HacTaHHll. IUl.acTH'IHOCri 

BO:. a, -aJ +a = a1 +aJ ;BC=.!!_; OC = <71 +a1 +..5!._;0P. = <71 -<71; 
2 1 2 tqtp 2tqtp 1 2 

a, +a1 +..5!._ 
1 2 tqtp 

sin<p a, -a1 

(I) 

2 
3 BHpaly (2) tta niuill.x 

cnissitl;eoweewr Mi)K BJiaCTHBOCTil.MH 

uanp)'lKenE>: 

11'.0BJafffUl MO)l.{Ha OlpHMaTH 

cepe.llOBHll.13 Ta ICOMDOHeHTilMH 

a 3 +2r0ctqrp+a3 sin qi a =- • 
1 -I +sin1p ' 

3rinuo 3 npe.llCTaBJl.eHb Hanp)')Keni. 'lepe3 KOJia Mopa 

MaKCHMa.JlbHe JJ:OTH'IHe eanpy»reHIUI. Mac BHr.IUl,!l: 

BiJJ;noBi.D.Hocri 3 yMOBOlO IUl.acTn'fnocri TpecKa: 
a -a 

r =-'--3 <k k-const,a6o <71 -a3 =2k. 
mn 2 - ' 
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C.11i.ll einJHaqHTH, ll.IO nocriiitta k llJVI nnacTH'lHOro JB'113ttoro 

(curucoro) cepe.llOBHIUa MO)l(e 6ym 01JIHM8H3 J YMOBH (3) 3 ypaxyBaHHJIM 

Toro ll{O: 

I I 
0'3 = 0'1 -2k, npu a 2 = u 3 , u 3 = 2(3u -a1), a= 3( a 1 +ai +u3 ). 

Ilin.craHOBKll BHp83iB llJVI O' Ta U3 y nepwe piBHJIHH.11 (3)'ra 

BHJ>IDKCHHJI 3 HbOro nocriii:Hoi k .!t8£ eupa:i: 

k::-3(asinf{J+r0 cos1J1). (J) 
-3+sin91 

rpacpi<n10 BHpa3 (4) npu nocriiiHOMY Hanp)')KCHHi a= const M8£ 

eurnlUI. npe.ncmBJiettuii: na puc.2. 
'"·. Jklt1 u .. 

.. 
'"* 

k. n,, ·-
' 

Puc.2. 3anelKHicn. nocriitttoi' k sill JCYT8 ettyrpiWHbOro TeJ>TII rp ra 

DO'laTKOBOro uanpJ)KeHHJI Jcyey r0 cepe.n.oeHIU,a npu a= lOOKlla 

JLrni: po3B'J13alfHJI 3a,11;3'l CTilTllKH IlJlaCTH'lHOro (.llHCkpCTHOro 

CHnKOro) cepe.11oeuma ueo6xin:Ho lHaTH JllC 3B'J138Hi KOMDOHCHTH 

HailpJ»CCHL MhK co6ol0 Ta JIKHff 3B'J1301C BOHH MaJOTh 3 MCXllffi'lHHMH 

BJl3CTHBOCTIIMH C8M0f0 cepe,ll.OBHIUa. 

Ha llllOUJ;a.D.Ui .llOBiJihHO HaXHilCHiii .llO oceii KOOp.!UIH8T xyz 3B'Jl30K MiiK 

KOMDOHCHTaMH H8npYJKeHh T8. fOJIOBHHMH uanppteCHHJIMH BH3H8'l8t:TbC:R 

'lCpe3 uanpAMHi KOCHK)'CH: 

(J'~ = q1 l12 +q2 m: +q, n:; 
q 1 = q 1 JJ + q 2 m: + q 3 n:; 
(J'~ = (J'1 1; + q 2 m; + q 3 nj; 
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r....,. :a1 / 1 11 +a2 m1 m2 +a3 n1 n2 ; 

rr: =a112 13 +a2 m2 m3 +a3 n2 n3 ; 

r,,_ = u1 / 1 l, +a1 m1 m1 +0'3 111 n1 , 

ne icH)'E: 3B'J130k Mbk OCJIMH KOOp.IU!HaT Ta H8DpJIMtcaMH ro.noBHHX 

HanpJ'Ke HL 'IPnf""t Hant JIM Hi KOCffJtVCH: 

I 2 3 
x I, m, n, 
y I, m, n, 
z I, m, n, 

Ilpu 1..1.LOM)' ICH)'E: 3B'll30K: 

a6o 

/ 1
1 + m1

2 + 11i2 = I; ll2 + m1m2 + 1iin2 = O; 

i:+m:+n:=l; l2/ 3 +m2m3 +n2n1 =0; 

iJ+mJ +ni =I; 1/3 +m1m1 +n1n1 =0, 

12 +12 +12 =I· 1 2 J ' 

' ' '1· 0 m1 +m2 +m3 = , m1n1 +m1 n2 +m3n3 = ; 
n: + n: + n: = I; /1n1 +l2n2 + l3n1 = 0. 

3 ypaxyBaHfUIM (I) Ta (5) KOMDOHeHTH Hanpy)l(Cffb MO)K}'Th 6yru 
3allHCaHi uacrynHHM ':IHHOM: 

a, =a-2kl3+2kn1
1

; r_.,, =2kn.1ii; 

ar =a-2k/3+2knJ; rF =2kn1n1 ; (4) 

a, =cr-2kl3+2knJ; r1a =2kn1 n2 , 

' ' ' I n +n2 +n3 =. 
}IKW:O 3 BHp33iB (6) ,lLllJI KOMUOHeHTiB HOpMaJILHlfX H3JJ]))')l(CHh 

eupa:nrrn n1 ,n2 ,n1 i ni.D.cTaBHTII y BHpa.3H Jt]IJI r11 , MO)ICH3. 3ruIHcaTJf: 

r~ =(a, - u+2k/3 Xa1 -a +2k/3); r! = (a1 -CT+ 2k/3K.cr, -CT+ 2k/3); 

a .nani: 
•.! =(er~ -a+ 2k/3Xa, -a+ 2k/3), (5) 

(CF~ - a+ 2k / 3)r >"" = r.<)'rn; (CF,. -a+ lk 13)r,, = r'),r,,,; 

(CF, - CT+ lk / J)r . ..,. = r . .:riz. 

3i cnieeiu.HollleHE. (8): 
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I r":r., / '"·'r / T_,,:rJ_ ax =a-2k 3+-·-~; CT,. =a-2k 3+--·; a, =a-2k 3+--·. (7) 
r_,~ r.., ·~ 

3 (9) YMOBa rpaHH'IHOI piBHOBam: 
r_,r•~, T.>J.TY! TrzTJ~ --+--+--=2k. 

TJ:< T~, T A;J' 

Ilo 8H8JJOTi'i 3 piBHlllHHJIMH (6) ,!VIJI BHDa,i:ucy, KORH KOCHnyCH K}"lio 
MDIC OCJIMH KOOPllHHaT y UHJliHJqlH'IHiH CHCTeMi KOOpJIHHaT z,B,r Til 

Haii6im.WHM ronOBHHM Hanpy;teeHHlllM BH3H3'13ThCJI - - -1110:: n1 =cos a; n2 = cosp; nl =cosy, ).{e a-cr1r,y-a,z,p-cr18, 

cniseiD;uowenHJI Mill\ HaIIp)')KeHIDIMH M31MM}'Tb eurnJIJJ,: 
2 2 

a, =a-3k+2kcos2 a; u 8 =a-3k+2kcos 2 p; 

2 
a, = a--k + 2kcos2 y; r,.g = 2kcosacosP;T,8 = 2/ccosycosp; 

3 

z o, 

r,, = 2kcosacosy. 

o, 

KrP , 

(8) 

Puc.2. CHJiu, mo .ztifOTI> na e.neMeHT CHDKOro cepe.noeuwa B UHJJiHD.pH'IHiH 
CHCTeMiKOOp,IUIH3T 

)J.rul attaJiiJY nanpy;Kenoro cnmy cnnKoro MarepiaJIY y cnopy.zti 
CHJIOCHOro nmy MO)l(H3 BHKOpHCTaTll piBHllHHJI .a;HHaMiKH pyxy cyuinoaoro 

cepeJJ.OBHll{3 : 

(9) 
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.Ile pk,, pk9 , pk, - o6'€MHi cRJIH; F,.. F,, F, po3no;:i:ineui no 

rpaHHIJ)IX o6'€MY 30BHiWHi CHJIH. 

3a aHaJlOriao 3 np}')ICHOKl IlOCT8HOBKOIO (.110 HllCTilHHJI 

rpa.HH"IHOfO CTaH}' CHl"IKOro Marepiany) ~'Ii ,l{JIJI BHIIa.i:ucy 3 OChOBOto 

CHMCTpi€Kl HR OCHOBi piBIDIHD ryKa, npH BiJIC)'THOCTi Kp)"leHHJI HllBKpyrU 

oci oz Ta ei.ncyrHocri MOlk.llHBOCri poownpeHH.ll y pa,nian.LHOMY uanpHMKj' 
(criuKu cHJioca a6conIOTHo lKOpcTKi) .ae<(>opMau:ii" y ui.nnoeiiulux 
uanp11MKax CTIUIOBmlTL: 

I 
s9 = E(0'8 -v(O", +a,))= O; 

I 
e, =£(a, -v(az +a0 )) = 0. 

3 (12) MOlKHR 38IIHC3TH: 

a0 = va, +vu,; 
a -va 

a =va +va ~O' = ' 8
. 

r ' {} ' V 

..slKll(O (6) ni.nCTaBJITH B (a), MQ)IQl3 33DHCRTH: 

a 9 =va,+a,-va8 ; 

a/J +va9 =vu, +a,, 

3Bi.iJ.KH: CT,za8 . 

(IO) 

(a) 

(6) 

BpaxosylO'IH re, w;o O', =ae, 3 (7) BHMHB3(, w;o Tr8 =0. KpiM 

TOro, cniil, ei,!uua'IHTH, wo KOMIIOHeHTil Hanp)')KCHb • ;8 Ha 'la.llelKHTb sin 

ryra IIOBOpo'fY, TOMY a. ,g/(rae) = 0. B UbOMY BHIIa!IKY piBHJIHIDI (l 1) 

npHiiM)'Tb BHr.IIll,ll: 

aa a. 
ar'+ ;+pkT+F,.=0; 

Or,,+ T,,. +au, +pk +F =0. 
Orr&'' 

(II) 

B ocTaHHhOMY piBIWIHi (B }'MOBax rpasiu.uii) o6'£MHa cHJia B 

eanpllMIC)' oci or -- pk, = 0. A B eanpllMIC)' oci oz -- pk, =pg, lie 

g = 9.8l,M/C
2

• 

BeJiH'IHHH F,. Ta F, c CHJlaMH, WO llifOTh 3 6oKy CTiHOK CHJIOCa 

Ha CHOKe cepellOBHWe. y 33.ranbHOMY BHD3JUCY npH K)'Ti HaXH.11}' TBipeo'i 

CTiHKH CHJIOCa llO ropH30H1)' p (puc. 3.) BeJlH'IHHH F,. T3 F, BH3H3'13TbCll 

llK'. 
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F,. = 
2
:R(a,fcos2ft+a,sin 2 P); 

F_ =-
1
-(u,fsin' P+u.cos' P), (12) 

- 2n R -

.n.e R - paniyc CHJioca B TO'IUi B llKiii BH3H3'13£TbC$1 CHJia; f - i.:oecpiui£HT 

30BHiUJHbOf'O Tepnl CHUKOro Marepi8Jla no criuui CHJIOCa. 

8eJ!H'IHHH KOMROHCHriB a,,a,, r,.. BH3H3'13lOTbCJI piBILllHHHMH 

(10). 3 ypaxyeaHWIM BHp83iB (10) Til (14) piBHJlffffj( .D:HH3MiKH (13) 
npuiiM}'TI> BHrJU1.n: 

( 
1 

)(-
1
-cscQ>(-(1+/+(f-1)cos2p)(r,cosQ>+3u)+ 

4 3csc1p- l 21I R 

+3(/-1+(!+1)ccs2P)ccs2a( r,ccsQ>+sinQ> u))+ 

+4(-6csc1psin2a(T0cos1p+sin.p er): +3(cos2a+cscip)Z)+ 

(13) 
+4( 6cos2a( r0 ctgrp+ a)°;; +3sin2a a;))= O; 

gp+ ( 
1 

)"cQ>((-1-/+(/-l)cos2P)('ocosq>+3o-)+ 
4trR 3cscip-l 

+3(1- f +(f- l)cos2p)cos2a(r0 ccs~+sinQ> u))+ 

+( 
1 

)(6cos2a(T0 costp+a)Oa+3sin2aOa)+( 
3 )x 

3csc1p-l Br Or 3csc'P-l 

x( 2csctpsin2a( r0 COSIJ'+sintp a)°: +(cscip-cos2a) °;) = 0. 

,[{aua CHCTeMa )],BOX 38Jle.KHHX rUpoCTaTH'IHOro Hanp)')KCHIUI 

o-(z,r) T8 K}'T8. a(z,r) Mi)(( siccto z Ta uanpllMKOM uail6i11i.woro 

fOJIOBHOI'O Hanp)'lKCHfUI. 0'1 em ,!lBOX HC3aJJe)ICHHX lMiHHHX z, r , .!IId 

BH'lH3'1aJOTh DOJIOlKCHHJI TO'IKH y CHDKOMY Marepiani. 
CHCTI:Ma ,zuupepeuu:ianhHHX piBHJIHh (15) £ CHCTeMOIO 

rinep6oJJittHHX ueniuiHHHX aeo;:i:uopi;ulux piBHllHh nepworo nopJ!AKY JIKa B 
3ararthHOM}' BHDaJIKY He MO)l{e 6ym p03B'J138H8 y JaraJlhHOM}' surmw.i. 

11HcenhHi po3B'J13KH ui£i' CHCTCMH He MO)IC)'Th ;i;ant ylarallhHCHocri ,!J,JlJI 

auaJJily polnon,iJJy KOMDOHeHTiB uanpy)KCHh Til BH3Ha'leHWI DOJIO)ICeHh i 
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IJ!opM JiiHiit KOB3aHWI. ToMy, MO)!{Ha 31'o6HTH cnpo6y po3B'J138.Tif .n.auy 
CHC:reMY Ha6JIIDICCHHMH MeTO,!l,aMH. 

TaKnU po3B'R30K MO)!{e 

r 
-------- -- nomi:ram B uaczynttOM)'. Ili.n6upacn.cs 

noreuuianLHa iJ!yuKUis 3Minu 

;z 
Puc.3. 

F 
F, 

p 

CxeMa n;ii cun: 3 6otcy 
criHOK CHJIOca 

ri,iqx>cTaTH'IHOro uanp}'JfreHHJI a(z,r) 3 

neBHHM HeBiD;OMHM Koe4iin.i£HTOM Ta 

DOTeHU,i8JILH3 tf>YHKUill 3MiHH ICyra 

H3XHJIY a(z,r) 3 neBHHM HeBi.nOMHM 

Koe4>iu.i£HTOM, sri DOBHHHi 
33)1,0BOJJLHHTH rpaHH'IHi (no'laTKoBi) 
)'MOBH i BO)l,HO'laC ui 4>YHKUUI IlOBHHHi 
33,.!IOBQ.nLHHTH piBHRHHJI (15), fiOTiM 
3H3XOAJITI>CR uesi,noMi Koetf>i0,i£um. 

TaKHM 'IHHOM 3aJJ;a'la MO)l(e 6)'TH po3B'J13aHa. Cn:i.n 383H3'11.fTH, w;o 4>YHKUii 

a(z,r) Ta a(z,r) noBHHHi 6yrn rn:3,!IKHMH Ta ix .zrntf>epeuuianH ue 

noBHHHi ,11;asam nocri.Uuux, ro6ro: 

Oa Oa Oa Oa 
Or * const,& * const,;;;: * const,;J; * const. 

Ilo'laTKoBi yMoeu, •Ki nosnHHi 33,.!loeoJILHSm IJ!}'HKuii 
lf>opM}'RIOIOTLCJI uacrynHHM 'IHHOM [2]: 

u(z,r)I ;Q; a(z,rll ;':., 
z~o 11:-o 2 

KpiM roro, po31CJiaJ1.eMo Tp<Uicu.eH,11eHTHi tf>ynKui'i IC)'Til a y PM 
MaKJIOpeiUl, w;o .IJ.03Bon:wn. po3s's3ysam anre6pa'i'IHi piBWIHHR: 

cosa4-l-a 2/2; sina-4a. 

Bpaxosy10'IH pe3YHLTaTu eKcnepnMeHTaJILHHX JJ.ocn~eHL w;o.1J.o 

BHrJIJl.n}' 4>YHKU:i'i a(z, r) [I] OCTIUIHIO MO)l{Ha npeJlCTI\BHTH y BHrmuti: 

u; !b pg(I +exp(--z-)arctg(_!!._))(•;n.,-3); 
3 2tcR r+R 

au; bpgexp(-~)( 2(1+exp(~))• R-z }mg(~)(.;n.,-3), 
& 6tcR 

(14) 
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.ne b - HeBia.OMHii KOel)ini£HT (Koe1>iuicHT He3HaHWI). 
il>yHKU.ito a(z,r) MO'.iKHa npe,11,cTaBJ.ITH y BHrJIH,D;i: 

a:%+cJf +j%; 
Oa c Ba I 
a;:= 2h.Jz{h; a,= 2R,Ffii' 

(15) 

)le c - HeBi.D,OMHR Koe4>iui£HT (KOel)iuiarr He3HaHHJI); h - BHCOT3. Cl.fJJOCa. 

CTOCOBHO Koelf>iuieeTiB He3HlllHUI b n. c CJii.D. Bi.n3H3'1HTH, UlO 

BOHH DOBHHHi 6yrn BHlHa'leHi eKcnepHMCHTaJlbHO i, WBH.IJ.WC 38 ece, 

6y,!cy'Tb 3a.llCllC8TH ei.il MCX8Hi'HIHX BJJ8CntBOCTeH CHPkOro cepe.noeuw:a. 

rpa¢ii11uo (16) Ta (17) npe.tt.CTIWICHi ea puc. 4. 
'" r . . II 

,, ...... 

=· .11 '" ,, 
Puc.4. rpa1>iKH 4>YHKUiff a(z,i-) Ta a(z,r) 
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Bpaxoeyto'IH ocwey CHMeTpilO cnopy.D.H CHJJOCHOro THny .ZVUI. 
BHIT8,IIK)' BHKOpHCT8.HHll LUUliHD.pH'IHOI CHCTeMH K00p.D;HH3T Ta npu 
Bi.nCYTHOCTi Kpy'leHHll BHpa3H (I 0) npHiiMyrb BHrJIJl,JJ,: 

CT,."" CT-~k + 2 kcos2 a; CT. = CT-~k + 2 ksin2 a; r._ = 2k cos a sin a, (16) 
3 - 3 ~ 

;:i;e a - K)'T H3XHJJ}' uanpllMK)' Haii6inbworo ro11oeHoro HanpyxeuHH ;:i;o oci 

oz (3ane;KHicTb (17)). 
3ane)J(flOCTi (18) DOBHiCTIO BH3H3'-13IOTb po31lOJJ;iJI KOMROHemie 

uanpy»c.eHh 3B 'a3Horo cunKoro cepe;:i;oeuw.a y cnopy.zti CHJJOCHOro nmy. 
BHCHOBJC:H. B po6ori BH3Ha'ICHHii aHaniTH'IHHii 8Hpa3 KpHTepUI 

pisuoeam 3e'•3uoro cmncoro cepe.nosuw.a, mo spaxoeyc Mexaui11Hi 

BJiaCTHsocTi OCTaHHbOro, a CaMC nO'laTKOBe eanpyJKeHHll. 3CYBY ·~ Til K)'T 

BttyrpiWHbOro TepTJI <p • 

Ha OCHOBi reopii n.nacrH'-IHOCTi p038'Jl3aHa 38,ll.a'la npo po3no;ri.n 
KOMITOHemis uanpyJKeHb 3B'll3HOro CHDKOro cepe;:i;osuma y cnopy;:i;i 
CHJIOCHOro THny, JIK8 )];0380JUI.£ epaxosysaTH MCXaHi<cui BJI8CTHBOCTi 
cepe;:i;osuma Ta reoMeTpH'IHi napaMCTpH cnopy.11.u. IJ;e .ll.03BOJUI£ BH3Ha'lllTH 
30HH nopyweuea pisuoBarH cepe,n;osuw:a y cnopy.zti, mo cyrreao 
BDJIHBaKITb Ha YMOBH po388HTlllKCHHJI CHJIOCiB Ta 8H3Ha'IITTH .D.HHaMi'IHi 
HasairrrutcCHHJI Ha cTi.HKH caMHX cnopy;:i;. 
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