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oSiqi i luoro onoHeHTa. IoKropa rexHiuHux uayx

Ma[rrrH 3a paxyHoK cTBopeHHr, Aoc,' A)KeHHr I BnpOBaAXeHHq y npaKT[IKy

BI4roroBreHH.rI Ta eKcnJryaratlii serrarora6apr4TTlr4x xBr4JrboBr4x 3y6'Iacrl4x nepeAaq

(BfX3lI) 3 ypaxyBaHHqM lx rorrcrpy rrr.r ssux i rexHolori.rHr4x oco6rzBocrefi, a rarolx

ynon po6orz. Pogs'sgaHHq uiei saaaqi BHKoHaHe 3a paxyHor pealisauii TeoperuirHr4x,

erclepr,rMeHTanbH[x ra Br4po6Huqrlx Aoc:riAxeHt Aeralefi BfX3II, ge o6rpyHronano

MareMarfiqHi uo4e:ri $yurqiouynauur rx erer,Ienrie, po3po6neHo Merolr4Ky (pi:r.rvuoro

MoAenroBaHHr npoueciB esaeMolii, AocliAxeso HanpyxeHo-Ae$oprrloeaHuii craH, B

rovy uucri  g roHi roHrarry AHo(iB feHeparopa xBHJn 3 rHyqKnrM rolecov. 3a

pe3ynbraraMr4 .qocliAxeur po3po6JreHo, Br4foroBreHo i ycniuto ercnnyaryerrcl 16

rerurora6aplrrur{x xBrrJrboBr4x peayrropin, ulo Ao3Bonr4rlo AocrfHyTrl sHa.lHoi

eKoHoMii varepiarrlnux ra Br4po6Hr,rqux pecypciB.

Amrya,rruicrs reMu ra o6rpyHrouanicrb HayroBlrx noJrolr(eHr, rrorcHro€Tr,ct

cyqacHr4Mr4 reHAeHuiqr4u Io niABr4[leHHr eHepferr4rrHoi efrerrunuocri ra :Hfixeunq

MarepianoMicrrocri 4era-,refi eneKTpoMexaHivHrax npuaoAie saxxux MarxuH, u-lo

MicrtrB nepegavi is serr4rorNlr4 nepeAaBanbHr4Mu HucraMu. Bnpona4xeni Ha cboro.qHi y

nphBoAr4 noryxHHX N4au H nepena.r i . :orpeva 3y6.{acri  nlaHerapui. MarcTb 3HaqHufi

KoeQiui€Hr 3anoBHeHHr r{oprycy \rerarroN4. a si l-rarc 3HaqHy Macy. no6yAoBa Tx y

6ararocryniuuacrorlry BrrKoHaHHi o6yvouroe 3HaqHi MexaHiuui erparra, a BiITaK

HIl3bKy eHeprerrvny eQerrzBHicrL npuBoAis. 3HaqHo MeH[e tlo rrpeui n npunogax

nory)KHlrx Marrrr4H xBr4Jr6oei nepe4aui, He 3Ba)Karoqr4 Ha ix BiAoMi nepeBarr.{ - MeHrxy

flpoqeHr<a Bralucraea OlexcaH.qponuqa Ha lucepraqifi Hy po6ory

3no6yBaqa CyKOBA Marccnma IeHHaaiiioeu.ra

<<O1ryyumyaauun napa,vempie eeturcoza6apumHl& xautbolttx sy6uacmux nepedau

npuaodie nomyl{Hux MaMUH>>, rpelcraBneHy Ha 3.qo6yrr.[ HayKoBoro cryneHq

KaHAvAara rexniqnr.rx HayK 3a cneuialtuicrro 05.02.02 - Ma[r,lHo3HaBcrBo

lraceprauifina po6ora Cyroaa M.f. npucerveua po:n'r:auuro arryalruoi saga.rr
ni4wtqeuur rexHi.rFroro pinHl ra eQexrneuocri $ynrrlioHyeaH Hl npueo4ia noryxHr4x



HaBaHTaxeHicrt 3y6uiB qepes Ha6araro 6insury lx r<insricrr y :aven;reHui, ueHmy

vacy i ra6apufr{, MeHrxy ruyuHicru ra 6ilnuy nrasHicru po6orlr. IJe nolcurcerucr

nounpeHHflr\ ,r  BHKoHaH X .4orenep aoc, ' l iaxeuu xBl4rboBhx nepeaaq ua arperar n ir

Hu3bKI4MI'l ra Cepe4Hiutl Ha BaHTaxeH Ht l\',|14, tlto N,'licrqrr xy,ravxonufi feHeparop xBl{nb

Ta nryvxufi ryltxoeufi lilurtlnutlt<. IlepeueceHul ul4x p*ynbrarlB Ha

BaxKOHaBaHTaxeHi xsI4ILogi nepe4avi O6Me)KyeTLct 3aCTOcyBaHH.[M cnpOU]SHIIX

niAxoris Ao aHani3y Hanpy)KeHo-.qeQopuoeaHoro craHy eneMeHrie sy6uacroro

3aqeflreHHq rHyqKOrO Ta xopcTKoro K6nic, nl6 ltpllBoAflrbcn y B3aeMolilo AI4SKSBLIM

feHeparopoM xBr4r b Ha xopcrKll x n iAurtl n u tl rax.

V aucepraui i  Cyxoea M.f.  noaa.,rsruoro po3Bl4rKy orprMana reopit po3paxyHKy

ra KoHCTpyroBaHHr AeTarlei BucoKOHaBaHTaxeHI4X BfX3II iS AIaCKOsIaM reHepaTOpOM

XBItJrb. TeOpeuuuurr4 Ta eKqnept4MeHTanbHI4M IUJITXOM nlABI4lIeHO TOqHICT6

po3paxyHKy 3yclrnb y 3y6qacroMy ga'lenreHHi 3 ypaxyBaHHqM Ba€MoAii AlrcKoBoro

feHepaTopa xBIlJrb Ta fHyqKofo Koneca, B[3Har]eHo fpaHI{qHl yMoBI4 npotBy

iHrep<fepenUii Ta IrpocKaKyBaHHt 3y6lliB, Bnepme pospo6neHo inlareltartlqui uo.4eli

HanpyxeHo-AeQopuonaHoro cTaHy fHytIKoro KOJIeca, npeAcTaBJIeHOfO y BufntAi

gauevreHoi no roputx UlrninApu'{Hoi o6oJroHKH i nos'q3aHux : Herc sy6vacroro ra

utni[LoBofo ninuie. EKcnepI4MeHTanbHo BcraHoBreHo, uo I(KI Aocni.qxyBaH14x

lrepelaq ua6ynae 3HaqeHL 0,87...0,92, ulo sa6araro nepeBl4ulye uei noKa3HHK Anq

6ararocryniuuacrl4x nllaHerapHxx fiepeAaq, nolxHpeHux y [pI4BoAax noryxHl'Ix

MarrprH. 3acrocoeaHi ni.qXoAIr Ao3BOIqtoTL BBa)KaTI4 oCHosHi HayKoBi nOIOxeHHrI,

Br4cHoBKt4 ra peKoMeHIaUii, orpuuani B ATceprauiiiHifi po6ori, o6rpyHroBaHI4Mu.

Hayrcona HoBu3Ha ra 4oc.roeipHicrs orplrrrranux pe3yJrr,TaTiy. Httyxoaa

HoBu3HT nonrfae y roAar buoMy po3Bhrr{y reopii BaeMoaii Aeralefi BlX3fI ra

ereNaeHris ii sy6uacroro 3aqerleHHfl y tlpoueci nepeAaBaHHt HaBaHTaxeHHq.

flpu qsovy 3a paxyHoK BI4KoHaHHq reoperl4tlHl4x AocnuxeHb yAocKoHaneHo

MaTeMaTtlqHy MoAenb pg3fiO.qiny HaBaHTa]KeHHt a Sy6uacrolry 3a!re neHHi BfX3Il,

rluM AoctfHyTO ypaxyBaHHt po3noAiny 3yCHnb nO uI4pI4Hi 3y6rIacTOrO BiHUq 3anexHo

eia dar i l  3aqenreHHr, la,reNH icrs ocboBhx 3ychnb B taqen,resHi aiA roaHirxHsoro

HaBaHTaXeHHrr, xrBr4AKocTefi pyxy ToqoK fHyqKofo Koneca y paAlan6HoMy Ta KonoBoMy

Hairp.sMKy, KoB3aHHt s roqui KoHTaKry 3y6lliB. 3anponouosani po:paxynxoei utogeli

Ao3BOJrr4nu BcTaHoBt4Tu rpaHlrqHi yMOBI4 BiACyTHocri inrepQepen[ii, npocraxyBaHHs

Ta 3aKJrr.IHIoBaHHq 3y6UiB y 3aqeIIJIeHHi. Bneprue p63po6neHa MaTeMaTIpIHa MoAenb

HanpyxeHo-Aerpoprr,Ioeanoro cTaHy fHyrtKofo KoJreca Bfx3II, rKoro BpaxoBaHo



cyMicHr4fi Brrnr4B 83aeMo4ii :y6uactoro ra ruliusororo eiuqie, ulo noe'qsaHi

qu,riunpuuuoro o6orosrorc Ha BeJItlquHy HanpyxeHb i aeQopvauifi rHyqKofo Koneca.

llpu sr4roHaHHi Teoperl,IrlHux AocliANeur nltropucraHi MeroAlI Bulrloi

MareMaTr{Kr.r, reopii npyxnocri Ta 6y1isenrHoi uexaniru, cyvaori M9TOAI{

MaTeMaTI{rtHOfO MOAenIOBaHul. ExCnepltl.lenra,rrsi AOC,riAxeHHq Cn,'laHOBaHl Ta

o6po6neui i: enropucrauHtM ocHoB Teopll lHxeHepHoro eKcnepl'IMeHry, MeroalB

po3po6neHr4x Bfx3ll BHKOHaHO B HarypanLHy Benulrr4Hy Ha yHlBepcanbHr{x creH.4ax y

npoMr4cJroBr4x yMoBax. Atts o6pobleuux orpl4MaHux reoperl'rlHux ra

eKcnepu M eHTiutbH 14 x AaHhx :acrOcosaHi cyuacHi nporpavHi KoMnneKcl4. OnucaHi

MeTOArr, 3aCO6r4 Ta iHCrpytreuru Br4KoHaHH.s IOCliANesr, pa3oM i3 3aAOBinrHOIO (5,5%)

s6ixHicrro orplrMaHI4x TeopeTuqHhX Ta eKcnept,rMeHTaJ'IbH l4x pery,rsrarie. larOrl

MoxJrr4BicTr BBaxaTr4 c$opMynboBaHi el4cHOsrn docmOaipuuuu, a 3aIIpOnoHoBaHl

peKoMeHAaull o orpy Hmo6 aH turt u.

f lparruuue 3HaqeHHfl orp Marlux pery,ruraria nortrae a yrouHeHui Meronis

crarrrcrriKt4. AocriAxeH Hc QielluHux MoAenefi BI'lKoHaHo is

eneKTporeH3oMerpii, ulo 3a6e3 eqeHa cyqacHl'IM OCHaUIeHH'M Ta

o6naAHaHHqM. [ocligxenrr eHepreruqHoi e$errunnocri

Aeraneii BfXll :

3or<peva, 3allponoHoBaHa y3araJlbHeHa MareMarl4r{Ha MoAenb 3y6qacroro

3arrenJreHH.q B|X3II Ao3Bonfle Br43Har{arr4 rpaHlrrIHi yMoBI4 npotBy iHrepSepeuuii ra

npocKaKyBaHHq 3y6IliB, r{I4M 3a6e3neqyerbct cnpouleHHt IIpouecy npoeKryBaHHc

BfX3n 3a paxyHoK 3MeHIrIeHHt

po3paxyHKoBi. Ilorasauo, uo 6inq

sy6vacruM BiHueM, Tpe6a nepeA6aqaru nlasur.rfr nepexlA, rqo Ao3BOnte BpaxyBaTll

BcraHoBJIeHe niA 'Iac reoperl4uHI4x Aocnia)KeHb 3pocraHHt B Ilifi 3oHi HopManbHl4x

HanDvxeHr,.

Exclepr.rveurarsui roc:riANesHl, euroHaui Ha creHAax y BI4po6Huql'x yMoBax,

noKa3a,lr{, nlo KKA HaTypHt4x 3pa3KiB Bfx3fl npu nor'l iHan bHoMy HaBaHraxeHHl,

HeBerr4Kr4x ra cepe4Hix r{acTorax o6epTaHHr feHepaTopa xBr4nL cKJraAa€ 0,92...0,90.

flpu :6insueHHi HaBaHrD(eHnq eAei'Ii, KKI :HuxyerBcq Ha 3010, npu urouy

s6i,rr eHHq qacToTfi O6epTaHHt reHepaTopa xBI4nI' npI43BOII4Tb Ao nOAaJILl oro

3HuxeHHq KK.4 Ao 0,87.

MATCMATI4qHOi

B14KOprrcraHHtM

peecrpaullrHLlM

po3paxyHKy ra KoHcrpyIoRaHHtl

n ine uleHui Tx eHeprert lqHoi

rpyAoMicrKocri gllrotonleus.q ra

erfexruruocri,

BIATaK BaprocTl.

.4T4CKOBHM feHepaTopoM xBllnb!

rHuxeHui N4arepia[oMicrKocri.

HeBr3HarteHocri ra rilrxocri irepaqifi npl4

Topuq o6onoHKI4 rHyrlKoro Koneca, s'eAHaHoro is



3a pesy:rrarauu AocliANeur Ha IIpAT (HKM3) po3po6neHo ra eurorosreHo 16

xBr.rJrboBr4x pelyxropin 3aran6Holo Macolo noHaA 112 r, npu vor,ry rpy,qouicrrtcrr

Br4roroBJreHHt 3HI,rxeHa ua 4250 HoplvIofoAI4H (30,8 %), MflaroNaicrricrr ua 77,2 r (40,7

%), eronovivuufi e$er<r ei4 enpoea1xeHHt cK,'laAae nou44 2,2 MnH. rpH. (npo uo

crna4eui siAnosiaHi arru). I [e ,{oBoAI.Irb npanouipHicrs ecix ttoHcrpyxropcbKl{x ra

rexso:roriquux piurenr, HayKoBo o6rpyHToBaHI4x n Auceprauii.

Crpyrrypa ra suicr po6orn. flpegcraueua Aucepraul.s e pyKoflrlcoM, Mlcrl4TI'

rcryn, n'rm po:4irin, B[cHoBKI4, AoAarKI4. f]osHlafr o6cxr ltlcepraqii craHogurb 246 c:rop ,

s rxux 149 crop. ocHoBHoro reKctry, 7 ra6tmut ua 5 crop., 58 pucynxie ua 53 crop., cnucor<

nireparypra s 218 rxeper ua 27 crop., tlort4pu Aorarxr'r Ha 53 crop.

3ara,rssa xapaKTepIrcrl{rca po6orn.
y ncryui HaBeAeHo 3aranbHy xapaKTeprtcrt4Ky po6orlr, apryMeHToBaHo

arrya:nuicrr relrLr AocliAxeHHt, BcraHoBleso fioro ruery i sagavi, o6rpyHroeauo

HayKoBy HoBr{3Hy ra npaKTurIHe 3HarreHHq o.qepxaHl4x pery,rsrarin.

Y nepurouy porgiai "O6rpyu'rynaHHq rocrirNeHb xBI4rIboBI4x nepeAarl Anq

npuno4ir rrory)r(Hllx uauus" BI4KoHaHo aHan13 cyqacHoro craHy aocJll.4xeHb

xBr4nLoBI4x nepeAarr, 3a3HarJeHo rx neperarn, nopinHruo s iHuIrN{u rHnaMIr :y6uacrtlx

nepenaq. cepea f lK11x sucoxi nepeaasaasHi qhc,qa B onHoMy cryneHi. 6araronapuicrr

sy6uacrono 3aqerreHHq i eucora HaBaHTaxyBarrHa sAarHicrt, oAHi g uairparqux

r,racora6apnrui rroKa3HxKz, Hlzsrxa [yN,rHicrb ra BI4coKa n,rasuicru po6orl'r. Bo4Houac

noKa3aHo, llo siAoN,rrafi pieeur 4ocnigxeH6 npaKTl4tlHo He oxonJtoe BfX3Il, ocKlJI6KI4

ocsoeHi nrapo6uuqrnolt xeu,ruoni nepe4avi npu:uaveHi rnt nepeAa'{i eirnocHo

HeBerhKl.rx HaBaHTaxeHb (ao 5000 H'\ ' r) .  uo craro npl4t lHHolo cnpoueHHt niaxoaie ao

po3paxyHKy HanpyxeHo-re$opvoeaHoro craHy rHyqKoro Koneca ra BI43HaeeHH.s

napaMerpiB :y6uacroro 3aqenJleHHt. He AocniAxeHo esaeN4oAiIo pont'IKoBoro

rcHeparopa xBrrJrb 3 fHyqKxM KonecoM ra BItnHBy fioro sa napaMerpl4 3aqenreHHq,

ocri ,rsrcu nourapeHi nepelaui vicrsru ry,rarxoenfi  reHeparop ra ruyvrcufi  rylrxoult i i

niaruunnr.m. He.qocrarHso roc,'riAxeso 3aJrexHicrb KKA B|X3II sia ii

r{oHcrpy r(TH BHl4x napaverpie. [nr icuytovnx neperaq He ecraHosreHi t lexi

iHrep$epeuqii ra MoxJrLIBono npocKaKyBaHHl sy6uin nir HaeaHraNeHHru. Bi4cyrui

o6rpynronani pexoveu4aqii ra HaAiiiui rexniqsi piueunr, u1o ao3Bontlorb ycyuyrl4

inrepQepeuqiro i npocnaxyeauul ay6uie, 3HV3L1'tn ocboBi clrnu I eHeprerl4rlHl BTparII,

nireuur.rrr4 HaBaHraxyBa,'Iruy s4aruicrr Bfx3fl. Banyyv y 3HaHHqx npo MeroAl4

po3paxyHKy ra npufiouu KoHcrpyIoBaHHq BfX3il pI43BoAI'lrb Ao 3ByxeHHt raJly3i ii

Br4Kopr4craHHr y BOKKr{x MaIUI{Hax, ocxillxtl nelltrora6apurui xeuruosi peAyKToplr,



pO3pO6neHi 3 BuKOpuCTaHHqM KJIaCIIqHHX MeTOAIB Ha npaKTUUl BI4tBIqloTbCq

Henpaue3AarHIrM14.

V apyrouy posairi "O6rpynrynauHt KoHcrpyKrI4BHo-cI'InoBI4x napave'rpin y

leQopuonanouy xBtrnboBoMy :y6uacrouy ga.{en,leHHi" Br4KOHaHa Oqiura rpatrltuurzx

yMoB Moxnr4Bofo nporBy iurepsepeuuii i npocxaryaaunr sy6uin y xBl4ilboBoMy

la.{en,teHHi.  uo npau1gc 3 Al4cKoBhM reHeparopol\4 xel t l r .  !oc, l iaxeHHr anrouasi  la

paxyHoK eKcnepr4MeHra;rtnoi ouiurn AeoopMauifi 3y6uiB fHyqKoFo KoJIeca i3

Br4KOpuCTaHH.f,M TeH3oMeTpii i: euxopracTaHHqM po3po6neHoi Qi:uunoi r',lo4e.lri

rHyrrxoro Kor,reca 3 KoH'r'porlbHlrM 3y6ueM, AeQopMauii tKoro 6yno BI4MiptHo. llpu

UboMy OopMa nepepisy r(oHrponbHoro 3y6Ue npufiHtra-rpaneuelna,rbsoto- ue:viHuon

nO Bcifi ll.rptrHi sy6uacroro eiHqs i3a paxyHox Ilboro 3a6e3neqeHa MO)t(JII4BlcTb

BCTaHOBneHHq reH3ope3l{cropie ro scifi urupl'rHi KOHTpO"ILHO|O 3y6Uq, UO AanO nOBHy

inifopuauiro npo fioro AeoopMauirc no Bcifi ll-rraplrHi 3y6qacrofo eiH{s. floxasaHo, IlIo

exur i  nprzrryuteHHt 3a6e3neqyrcTb Bt lcoKy roqHiCTb i  AOcroeipHicru perynurar ie

eKcneplrMeHTy nopinnffro 3 BiAOMl4Mr4 MeTOAuKaMr4. Pospo6leHo MeToAI4Ky

MO,4enroBaHHr cunoBoi B3aeMoAii 3y6uiB y AeoopMoBaHoMy 3y6qacToMy 3arle[neHHl

Brx3[, uto Ma€ prA repeBaf y nopiamnHi 3 icHyro..rr4Mr4. Macnra6He MoaeJ]rcBaHHt

Aerf opuauii sy6a xopcrroro Koneca BHKoHaHo 3 ABaAU.sTun .sTr4KpaTHlrM 3oulb[eHHqM

M9TSAOM TeH3oMeTpii KoHTporlbHor6 3y6a i fiofo MOAeni, UIO Ao3BoJInno BcraHoBI{TI{

po:nogin 3yclrJrb y xBl4jlboBoMy 3y6qacroMy 3ar{enreHHi 6esnocepegulo 3a

noKa3aHHsMLI nuuipronaltuo'i anaparypu. Pospo6lenHr yAocKoHaneHl4x Qisuuulrx i

MaTeMafl{qHr4x Mo4enefi lo3B6nfino yTor{Hl4Tr.t p*ynbTaTl4 TeOpeTI'lqHI4x Ta

eKcrrepr4MeHTaJ16Hux AocJIiAxeHb cunOBoi 83aeMOAii eneMeHTiB 3yOqacT6ro

3AIICIIJIEHH' BIX3II.

Tperifr po3aiJl "[oc:ri4NeHHl KiHeMarllKlt Ae$opMoBaHofo 3y6r]acroro

3aqerrJreHHt BeJII4Kofa6apHTHOi xBI{nbOBOi nepegavi" MicTI4Tb ei.qnOeiAHi AOcniA}(eHHt,

rKr4Mr.r roKa3aHo, I]Io y Blx3n 3a rxupoKr4x 3y6.racrr.rx eiuuie ((50...60)n) i ee:rurux

HaBaHTalKeHb, po3n6Ain K9JIOBI4X 3a3oplB y XBrIJIboBoMy 3y6'lagToN{y 3aqeIIJIeHH i crae

HepiBHoMipHr.{M 3a [rr.rpr4Horo siHuq. 3a pi:uuui y Kin6Kocri 3y6rliB xopcrKoro ra

rHyitKoro 3y6.IacTLIx Konic y 2 ttrT., I]i 3a3opu Mo)l(yTb npl4fiMaT]'l BiA'eMHi 3HaqeHHq, xlo

o3Harlae ix iHrepQepeuqirc, tKa cTae npl4t{l4HOlo ix gaKlrltutoeauHq Ta pOcKaKyBaHHt y

3arlenneHHi. Tyr no6yAOnauo i AocliAxeso y3aranbHeHy MaTeMaTI'IqHy MOIenb Ba€MoAii

3yOUlB y Bl Xil l, tKa craJla lxepenoM orpl4MaHHl llpaK I llqHu .JHa.lt1Mn,\ ) Lvrvb, uru

Ao3BOnetorb BHKrruqh I h norBy iHrepoepeHuil  3y6uiB np npoeKryBaHHi nepeaaqi.

o3y6UiB BfX3fI, oTp14MaHHt npaKTr{qHo3HAqI,IMITX yMoB, UI

BuxOnasi TeOpeTI4tIHi Ta eKCneptjMeHTanbHi AocniAxeHHe KiHeMaruqHI4x npgqeclB y



3y6qacToMy 3aqenJleHHi BfX3lI, AO3BoJII4JII4 Bu3HarluTII IIIBI{.4KOoTI roqox rHytlKoro

Kojreca B paAia.r'ILHoMy i t<o:ronouy Haflp.sMKax 3 ypaxyBaHHqM fiol-o Ae$opvaUii;i, a

TaKOX rrrBHAKiCrt KOSsaHHq Sy6UiA y 3arlenneHHi 4nr pi:nrzx sas sy6vacroro

3arrenJreHHr. Ha OCHOei BllKoHaHuX AOc,riAxenu c0OpuynrOnauo ptA npaKTI4qHo

3Haq MhX peKOMeH.tlaUif i  utono Bh3HaqeHHt reoMeTputlHHX napaMeTpie erteveHrie

nepeAaqi npr4 [poeKTyBaHHi, a raKox ypaxyBaHHs eKcnnyaTauifiHr4x rrr.rHHI4KiB 3 MeTO]O

niABr4rqeHHs ii eHepretrvHoi eQexrunuocri.

Y uerneprolry po3AiJIi "[ocnigxeutrlt HanpyxeHo-AeQopMoBaHoro craHy

Bfx3ll" BuBqeHo, 3oKpeMa, Bnnr4B KpaitoBofo e$eKTy Ha HarpyxeHlrfi craH o6oloHrtl

fHyqKofo Koneca, i nora-:aHo, Iuo MaKcI'lManbHi HanpyxeHHq, noBrt3aHi 3 KpafioBl4M

eQeKToM, Malorl Mictle B oKoni Toput o6oJroHKI4 nHyrlKoro Koreca, uo cnonyqeHtrfi i3

sy6vacrul,t eiHueN'r. lloxasaHo, I{o BKa3aHy xouqeHrpaqirc HanpyxeHb .4olllnbHo

3H14xyBart4.  3acTocoByruq np KoHcrpytogaHHi nJraaHhi l  nepexia y cnonyqeHHi

o6oroHKI.{ fHyrrKoFo Koneca i3 ii:y6uacrr'rlr eiHueN'{. Teoperuuuuun rocniAxeHHqMl4

BCTaHOBIeHO, ulo Hanpy)KeHHq po3Trry Ha6yBaroTb Mar(cr4MyMy niA.iac npoxoAxeHHq

noB3 po3paxyHKoBrlfi flepepi3 BenlrKoi oci feHepaTopa xBrrrlb, a uarclrlrar;si

Hanpy)KeHHr crLIcKaHHJt, sirnosiAHo, niA qac [poxoAxeHHt ManoT oci reHeparopa

xBr4lrb. IIOKa3aHo, 1116 3Hfin<eHH.q MaKcuMa,rlbHt4x 3Har{eHb HanpyxeHb 3rnHy AO piBHs

MaKCHMaJIsHI4X HanpyxeHL KpyqeHHt MOXS cTaTLl npI4qllHOIO 3a6e3neqeHHq 6inb[

pauioHanbHoro HanpyxeHo-AeQopuonanoro craHy rHyrlKoro Koneca I Moxe

3aOe3fle.II4TLI niABI4Ir]eHHt HeciBHOi 3AaTHocTi KoJIeca Ha rIBepTb. BI'trOnani

IOCniAxeHHr cranr.r A)r(epenoM Anr oTprrMaHHr [paKTr4rtHo 3HaquMr4x peKoMeHAauifi

r{O,4O KoHCTpyIoBaHHq FHyqKOfo Koneca Bfx3fl, UIo AO3Bonr}OTb 3HrI3l4TI4 BIlJllrB [oro

ach\4e-rpHrlHHX nesopMaui i l  l lJ lexo\4 :6irsrreHHq f ioro xopcrrocr i  B o6nacr i

BaeMOAii 3 AI4SK9BIIM reHepaTopoM xBHJIb 3a paxyHoK BCTaHoBJIeHHt npocTaBoqHoro

Kinbur Ha BHyrpiutHif i  noBepxHi rHyr. lKoro Koreca.

v n'aronry po3Ai",ri "Harypni eKcnepr4N,reHTaJr[,H I AOCJIA)r(eHHq xBl.lIboBI.Ix

3y6qacTr.rx nepelall CTOS6BHO noTy)(HI4X Ilpl4BoAiB Mam1aH" BTIK6HaHO AocIiAxeHHq

Bnnr.lBy KoHCTpyKTr.rBHr4X napaMeTpiB 3aqenneHHfl Ha iHTepQepeHllilo Ta eHepfeTITqHy

ebeKruBHicT6 B|X3IL floxa-:auo, ilto 6inq ropUiB fHyrlKofo KoJleca Ha BXoAi ra BI4xoIi

:y6uis is 3aqeflreHHr, Micrrr6cr 3oHr.r iHrepoepeHrlii 3y6rliB, i;1 sn11l4e Ha noKa3HI4KlI

nepeAaqi 3pocrae npr4 36inbr eHHi HaBaHraxeHHs. floKa3aHo, uto iHrepoepeHuilo no

IItr.rpHHi 3y6r{acTofo BiHqr fiiAcnr]oe 3aKpyrryBaHHr fHyqKofo KoJIeca, ToMy Ant

3MeHIIIeHH' ii nnluey ra ycyHeHHt qBt4ula [pocKaKyBaHHt :y6Uia Y 3arlenneHHi

ilrrrpr4Hy 3y6qacrofo siHus xoric cniA o6MexyBarr4 Berurrr4Horo (35 ...40)m. Yro'IHeHo



MeTOI BI43HaIIeHHq eHepfeTI4IIHI4X BTpaT y xBltJlboBlIX nepelaqax 3 AI4CKOBUM

feHepaTopoM xBt4rb [ur.sxoM ypaxyBaHHq Bnnr4By .qeoopMaqii fHyilKofo KoJIeca Ha

crlJtv. Teprs, y xBrrnboBoMy 3aqenireHHi. Ercnepuueuru, anxonaHi HaI HaTypHI4MI4

3pa3KaM14 BfX3II, noKa3aJIIt cnpaBeAn1aBicrb OTpuMaHI4x TeOpeTI4rIHo B]IcHoBKlB'

3OKpeMa eKcneptrMeHTanLHo niATBepAxeHO, UIO 3i s6illueHHqM TIaCTOTI'I O6epTaHHt

feHeparopa xBIlJIb ra MoMeHTy onopy Ha xopcTKoMy

3y6qacroMy 3aqenneHHi i reHeparopi xBllrlb,

rerrnoBr4lineHHq i reMfleparypa Macruna nepeAaqi. B

po36ixHicTb oTpr.rMaHux TeopeTurrHo Ta eKcneptMeHTalrbHo 3HaqeHr KK,{ nepegaui ne

nepeBr4uly€ 5%. Pos6ixHicr6 AaHI4x reopergqHl4x i ercnepnueura,'I6Hl4x Aocni4xeHb

ocboBr4x c\4J1 - 7yo. 3 ypaxynanurM oTpI{MaHXx p*yJ]braTiB CoOpMynI'oBaHo

peKoMeHAauii uloAo BHKoHaHTuI npoeKrHo-KoHcrpyKropcbKl4x po6ir BfX3lI'

OcnoeHi BncHoBKtt MicrqrL crr crun nepenlK orp14MaHHX pe3ynbrariB

BHKOHaHTX TeOpeTLIrtHI4X i exCneputteHTaJlbHl4x .tlOCIiAXeHb, a TaKOX npaKTl'lqHl

peKoMeHAaUi i  I IOAO KoHCrpyroBaHHf nepenaq.  tK i  HaBeAeHO y t {NgenbHOMy Bl4rnf ln i .

ulo IIiATBeplxy€ npaKTI4qHe 3Har{eHHt po6oTu.

cnucox BrrKoprrcTaHux AXepeJr Haniqye 218 nafirraeuyraHb l AocTaTHbo noBHo

oxofinroe orry6niKoBaHi pe3yJlbTaTt4 locniA)KeHb xBl4JI6oBI'lx nepeAar{ z 1966 no 2020

piK, B ToMy rII4cIi pO6oTI4 3aKSpAOHHI{X BqeHI{x. lloctzlaHnq MicTtTb 3raAyBaHHq B

QCHOBHOMy HayKoBfix crarefi ra MoHofpaoifi, aHaJri3y rareHriB npl4AineHo aelllo

MeHlre yBarri. Kilmicrt nocr.l;raHb Ha niApy'rHI4KI4 Ta HaBqanLHi noci6HuKl4 HeBeJIItKa.

AoAarru MicrqrL Sororpa$ii Aeranefi BnpoBaAXeHI4x y npoMllcnoBe

Br4po6HuuTBo Bfx3II y po3po6neHHi rnrax npufirr,raB yqacrL ArlcepraHr, p*ynbrarlI

TeH3oMeTpr4rrHr.rx AocniA)r(eHb po3po6neHr.rx Qi:uuHr,rx MoAenefr KoHTpoJIlHOfO 3y6a Ta

feHepaTopa XBLIJII' Ta fHyqKoro KoJIeca, Kalpl4 rxBxAKicHoi tporo:iiouxtz npoqecy

3aqerrJreHHr 3y6uiB HarypHono 3pa3Ka Bfx3n, cxeMr1 po3po6JleHofo aBropoM ra

BLIKOp14CTaHOfO TI4fIOBOfO BIlMlpruBaJlbHUr U Ljl luP)Artsnlrr, uAelvrvr Dl,l lvrrPrvDonD'

$ororpaoii creHAiB ra p$ynbraru creHroBI'IX Bl{npo6yBaHb, aKrl'l BnpoBa.qxeHHt y

cnopqAxeHHq, CXEM}I lproBaHb,B14MlproBaJIbHofo

Crynius anpo6auii  pe3y., ' tbrariB aocJl iaxeHb AocrarH bo noBHHfi Aaropov

orry6riKoBaHo 26 uayrorzx npaub, i3 Hr4x - 13 crarefi y Qaxonr.rx BLIAaHHqx, 5 y

Br.rAaHHrx, nlo BXoI.rrTb AO MixHapoAHoi HayKoMeTpr4'rHoi 6a3I4 AaHI4X scopus. 6

ny6niKauifi y iHrxl4x Br4AaHHrx, 2 nar.'i|lru Ynpainu Ha KopI4cHi MoAeni. HanegeHufi y

KOJreci 3pocranrb BTparl',l B

niABr4ulyerr,ct noryxHicrl'

po3Aini 3aAeKnapoBaHo, lUo

Br4po6Hr{IIrBo IIpAT

NOKA3HI4KAMI4 HOBI4X TA

"HKM3" is nopinHr,lluuura

6agosux xBHJTI'oBt4x peAyKToplB.

TEXH iKO- EKOHOMiqHI,I M 14

Auceprartii ra aBropeoepari nepe,rir ny6,rirauifi ra i;1 3Micr Bi,4noBilalorb reMi po6oru



i e rocrarHror4y o6crsi eigo6paxarorr ocuoeHi IloJIo)I{eHHt i uayrori pcynbraru, ulo

nuHeceui Ha 3axr4cr.

3ara,rsui 3ayBa)KeHHq:

l.  [err i  e, 'reMeHrt4 orrtnoBoro varepia,ry. HaBeAeHoro B po3nini l"  noaasi

HeAOcTaTHbo loriqso i noc,'IiAOeno - rax niApOSAil I .1 r,1icrurr saran6Hi eiAOltaocri

npo xBr{JrboBi nepega.ri, B niApo3Aini 1.2 :ager,lapoeaHo aHaai: BI4KoHaHttx

AocliAxeus ra Nteroaie po3paxyHKy xBltJ'IL'oBlrx nepeAaq, npore ryT 3HoBy

sycrpiuaorscl qini a6saqu garalruoi iu@opt'laUii, 3oKpeMa npo nepeBarll xBI4JlboBItx

lepeAaq, ra,'Iy3i ixHbofo 3acrocyBaHHt ra iH. - ue Jrlrne .qapMa:6inlurye o6c.rr po6ortl'

Te calre crocyerbct i iulrux pos4inie.

2. B rerccri po6orrz qacro 3ycrpiqaerscr repuiu "vacnra6slrii $arrop", npore

nOrCHeHH.[ qsOrO replriny He Aa€TbCt, lr i Ue eraSyrcTbct KOHKp9THI 3HaqeHHt UbOrO

@arropa, uexi fioro 3acrocyBaHH.f, ra BnJII4By.

3. B n. 2 eucFtosxis Ao pos4iny 1 cratauo, tuo aocri4 ocBoeHHq

eernrora6apurHrrx peAyxropin na fIpAT "HKM3" BIIrB:aBc, HeBAanl4M, ocxi,rsrr,l

enrorosreHi peAyKTopI4 3aKJII{HI4JIO, BOHI4 npaUOBanI4 HecTifrKO i uen,ranuo, a,re sri

caMe BaAlr lcHyloqux MeroAhK npoexTyBaHHt Ao ubofo npl43Benh - qirro He

BKa3y€TbCr, xoqa caMe ue o6yMoBnloe aKTyanbHicrb po6orlr.

4. Ha crop. 52 is noczraHHqM Ha ra6n. A.1 3atB,'IeHo, ulo B HeT BHeceHa

Kin6Kicrb nap 3y6IIiB, nto 3Haxoaqrbct y 3artenneHHi, a,'Ie B caMifi ra6nI4IIi HaBeIeHo

Br4COrH po3Maxy OCUunofpaMLI B MM. Przcynrin A.14 ra A.15, rxi 3faAylorEct Ha crop.

55, s roAarxax 3HafiTLI He BraJloct.

5. V po:air i  4 reoperuvHo o6rpyHroBaHo. uo npu npoeKryBaHHi AouinbHo

3a6e3neqyBar MaKcfiMarbHy t{pyrhnbHy ni lnarr aicru rHytlKoro Ko,reca nph

3a6e3ne.reHHi il viuHocri (crop. 128), ro6ro 3a6e3neqyBarr4 MiHiManI'Hy roBUlIlHy fioro

o6o,louru. !a.,ri (crop. 138) craeaHo, lrlo 3 Meroro BAocKoHaJreHHr KOHcrpyKrr4BHI4x

iparropie fHyrrKoro Koneca 3a Kpr4repirMr4 HaBaHrDr{yBanLHoi 3AarHocri i pecypcy

po6orr4 peKoMeHAoBaHo 3HI43tIrt4 roBUII4Hy rHyqKoro Koreca Ha 25..'30%. Tyr ue

yroqHroeTbcq na qxifi niAcraei MoxHa AoAaTKoBo 3MeHuyBaTx ToBUlI4Hy o$oloHxu qra

nonepenHbo Bl43HaqeHa 3 yMoBt4 MiuHocri .

6. Ha crop. 152 n y BI{cHoBKy 7 ao porai,'ry 5 po6oru 3aAeKnapoBaHo, uo

po36ixHicrb p€ynbrariB reopert4qHl4x ra eKcnepllMeHraJlbHux Aocni.qxeHb KKI

po3po6neHux BeJIHKofa6apItrHIlx xBI'lJrboBIrx peAyKropiB He nepeBl4nlye 5%. llpore

MeroAI{KH po3paxyHKoBolo BLI3HaqeHHr KK.{ po3po6JleHl'rx FepeAaq B po6ori He

HaBeAeHo, xoqa reoperl4qui ocHoet'{ Anq ii po3po6neHHt orpl4MaHl, 3oKpeMa, B po3rlnl



2, re roc:rirxeHo cl4noBy sgaeMorilo sy6uie y sa'IenreHHi ra n po:nili 3, 4e ntlrouaua

ouiuxa risenarl4qHI{x napaMerpin sauen:reuut, 3trKpeMa ureuAxocri rcoe:aH ur :y6qie.

7. Meroro po6orn nepeg6a'reuo ga paxyHoK BhKoHaHHe Aoclirxesr

ga6esrequru o6lpyHroBaHl4fr. vu6ip cTpyKrypl{ i napauerpia relnxona6apuruux

XBr4JrbOBr.rX sy6uacrux nepeAaq. flOCraetreHa iraera pea-ni:OeaHa 3a paxyltoK oTpI;lMaHHt

Mac By oKpeMHX peKoMeHAauif i  uroao po3paxyHKy i xoHcrpyr'osaHHq aeranefi  uhx

nepeAaq, npore xouqenrpoeauoi inxenepnoi Mero.qll KI't ii npoeKTyBaHHq 3

ypaxyBaHHtM orpuMaHl4x n 4tlcepraqii pesy:nraria He HaBereHo. Bo.qHoqac uzx

pesymrarin qinxou rocrarHbo nne po:po6,reuur KeplBHoro AoKyMeHry 3

lpoeKTyBaHHq Benr4Kora6apI4THrIX xBI.{JIF,oBI4x ay6uacrux nepeAarl, HanpI4KnaA

craHAapry ni4npueucrea.

8. Orpeui BI4cHoBKH 4o po6orn 4elqo rpoui:4xi ra lepeeauraxeui 1autlutl,

BK,,troqarcrb :aralsui $parra - Ue yrpyAHIOe cnpniiurrrr HaBeAeHoi y Htlx ocHoaHoT

iuSopruaqii uIoAo orprMaHI4x pe3ynbrarlB.

9.9acrusa pracynrie e aaropeipepari

rrracrura6 (puc. 2, puc. 5, puc. 8, puc. 9, puc. 12,

He.Iirxo - ui pucyHxu BaxKo ql]ralorLct.

MarorL Hepaqioua,rsno su6pauufr

puc. 18), a puc. 19 Ha4pyxonaHuil

10. Y rexcri 4racepraqifiHoi poOorlr sycrpiuarorrcx orpeui onlrcru, a raKox

HegHa.rHi repviHo:rori.rui uerouHocri, nyHxryauifiui ta crl4ricru'{Hi nolrluru.

BrasaHi ueAo,rixu He 3HL{)KytorL Hayxoeoi Ta lparruuuoi qiHnocri

Ir4ceprallifi Hoi po60114, BoHI4 Malorb paAIrIe peKoMenAauifi Hufi xapaKrep.

3ara,rrua ouisna Aucepra IIii:

1 . lucepraqifina po6ora 3ro6yBaqa Cyrona Marcuua leHHaAifiogu'ra

/BaHHr napaMerpie nelurora6aplrTHI4x xBI4JrboBIrx :y6uacrlrx nepeAaq<O6tpynryeauur

npuno4ie flory)I(Hl{x MaIrIlrH) e 3aBep eHolo xna:riQir<auifinolo HayKoBolo npaqerc I

eiAnosiAae nacnopry cnellianbHocri 05.02.02 - MaIrIr'lHo3HaBcrBo.

2. Y po6ori posn'rsauo aKryanbHy :a4auy nilnr'rl1eHH.q rexHi'{Horo piBHt ra

e$errunuocri SyHruionyeauur npuao4is rtoryxHrlx MaITII4H 3a paxyHoK crBopeHHq,

Aoc,riAxeHHs i snponagxeuur y npaKTIrKy nnpo6uuqrna ra eKcnnyarauli

nelrtrora6apurHux XBI4JI6OBIx :y6uaCrux flepeAaq 3 ypaxy BaHHt M Tx roucrpy ruaeHux

i rexHorori.rHtlx oco6rusocrefi .

3. OAepNaHi n guceprauii reoperuvui ra eKcnepltMeHra.,rrHi pe3yJlbrarl4 €

HOBr.rMr4, HayKOBO O6fpyHToBaHuMI4 Ta UIHHI,IMIJ Ant npaKTI4Kl4, MlcTqTL HoBl pllIIeHHt



rrloAo po3paxyHKy Ta KoHcrpyIoBaHHt BeJII4KOra6apI{THITX XBIJrbOBI,IX 3y6qaCTIIX

epenaq Ta IocniAXeHHff B3a€MoAii ix eJIeMeHTiB.

4. PeqeHsosaHy 4ucepraqiftny po6ory xapaKTepll3ye e.qnicrr suicry ra Aocrarr{t

qirrcicrr BuKraAeHHq rraarepiany. Arropetpepar y crucliil $opui ,4octarnLo noBHo

si.qo6parrae ouroeHi noroxeHHs ra BIIcHoBKI4 gracepraqii, cryniHr HoBIT3HI{ Ta

paKTr4qHe 3HaqeHHt orplrMaHl,tx p*ynmarir, ixHro cyrr i oco6racrufi BHecoK aBTopa.

Buuecesi :4o6yeavev Ha 3axucr orry6, 'r i roeani npaqi vicrrru AocrarHuo noeHi

eiAovocri npo ocroeui nayrori ra rparruvui peynbrarl{ orpr'rvaui y po6oti.

.{uceprarliro ra aaropeQepar Hanl4caHo yrpaiucrroto MoBoIo AocrarH['o fpaMorHo,

AOKJTaIHO IJIIOCTpOBaHO.

5. [uceprauifiHa po6ora siAnosiAae BI4MoraM nyuxria 9, 11, 12 "llopx4xy

npr4cyA)r(eHHt HayKoBrrx cryneHin" Ta BIIMofaM Miuicrepcrna ocsiru i uayru Yrpaiuu

nloAo KaH.qr{AarcEKI4x gncepraqifi, a ii a"erop, CyKOB Marcnu lennaAiftonuq,

3ACryzOSy€ npI4CyIXeHHt HayKOBOfO CryneHt KaIJAuIlajta TexHltIHIlx HayK 3a

cneuiamuicno 05.02.02 - MaIU{Ho3HaBcrBo.

OQti4ifinurt onoHeHm,
g.r.n. (sa cnerliaursicro 05.02.02), AoueHr, npo0ecop xa0e

TpaHcnoprHr4x rexuororifi ra ltexauiqsoi iuNenepii

Xepcoucrrcoi 4epxanuoi tr.topcrxoi axa.qerraii

Ilidnuc npo{t. B.O, Ilpo4euxa saceidvyn:

npopeKrop 3 HayKoBo-n

Xepconcr,roi .qepxaBHo

r.r.n., npoSecop

B.O. Ilpouenrco
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