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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYEHO AOCiIPKEHHIO BIUIMBY IIOMKOIKE€Hb KOHCTPYKTUBHUX €JIEMEHTIB [IapOBOi
Typ6iHM Ha napameTpu Bibpallii, 0 BUHMKAIOTH Iif yac ii excryaratii Ta peMoHTi. barato enemeHTiB
€HepreTUYHOro ob6JIaiHaHHS, 30KpemMa JIOIaTKu i poTopu TypOiH, B peajlbHUX YMOBaX eKCIUIyaTallii 3a3HaloTh
CIIiZIbHOI 2060 pO3AiNbHOI Iii MEXaHIYHOro HaBaHTaXXEHHS (CTaTUYHOrO i IMHAMIYHOTO), TEMIIEPATypU Ta
arpecuBHOro cepenosuia. HaciigkoM Takoro HaBaHTaKEHHA € IIOCTYIIOBE HAKOIIMYEHHS PO3CiIHOTO BTOMHOTO
MIOIIKOKEHHSI, IO IPU3BOIUTD 10 BUHMKHEHHS] BTOMHHX | TEpPMOBTOMHUX TPIlllH, KOPO3ifHOTO PO3TPiCKyBaHHS
Ta IHIIMX BUAIB MOIIKOIKEeHb. [Ipy HOCSITHEeHH] TPIMHOIO KPUTUYHOTO pO3Mipy BUHUKae Hebeseka pyHHYBaHHS
TOTO YU iHIIOTO eJIeMEHTA KOHCTPYKIi 3 KaTacTpodiyHMMHU HacligKaMu 118 Beiel Typ6iHu. Tomy po3pobiieHHs
METO/IiB, SIKi Jal0Th 3MOTY BYaCHO AiarHOCTYBATH TaKy TPIlIMHY, € aKTyaJbHOIO IPAKTUYHOIO TPOGJIEMOIO.

BusiBiieHHS IOIKO/KE€Hb B KOHCTPYKTUBHUX €JIEMEHTax [1apoBoi TYpOiHU € CKIIAJHUM 3aBIaHHSIM, PO3B'I3aHHS



SIKOTO CYTIPOBOJIKY€EThCS 3HAYHUMU TEOPETUYHMMMU i MPAaKTUYHUMU TPYIHOLIAMU. BUKOpUCTaHHS JIOKAJIbHUX
HEpYyMHIBHUX METO/iB AiarHOCTUKY MOLIKO/IKEHb MOXJINBE JIULIE TIiJ] Yac IIPOBeJeHHsI PEMOHTHUX POOIT i moTpedye
3HAYHUX BUTPAT 4Yacy. Bibpauiiini MeTony AiarHOCTUKY [1J1s1 BUSIBJIEHHS [IOIIKOI)KEHb B 00€PTOBUX BajlaX IapOBUX
TypOiH € IPaKTUYHO €QMHUM CIIOCOOOM 3aI106iraHHs TeXHiuHiN KatacTpodi. BibpauiiiHa giarHocTuka
MIOLIKOJI)KEHHS, SIKa [PYHTYEThCA HA TOMY, 110 IMHAMIYHI XapaKTePUCTUKY HEMOWKOIPKEHOrO Tijla Ta Tija 3
MIOPYLIEHOIO CYLIJIbHICTIO CYTTEBO BiIPi3HSIOTHCS, MA€ M€PEBary HaJl JIOKAJIbLHUMU METOLAMU JiarHOCTUKY,
OCKiJIbKM BOHA € iHTErpajibHOI0, TOOTO XapaKTepuaye CTaH 00'€KTa B LIIJIOMY i TOMY IOTpebye 3HaYHO MEHIIIE 4acy
1151 OTPUMAHHS Pe3yJIbTaTy [iarHOCTUKU rabapUTHUX KOHCTPYKLiH (POTOPU Typ6iHM) 260 YNCTIEHHUX
KOHCTPYKTUBHUX €JIEMEHTIB (JIonaTKu Typ6iHu). PisHULS JUHAMIYHMX XapaKTepUCTUK Tijia, 3yMOBJIEHa 3MiHOIO 110r0
SKOPCTKOCTI, MO>X€ BUKOPHUCTOBYBATUCS /115 [iaTHOCTYBaHHSI OMIKOJKEHHS (HallpyuKJal, TPillMHA BTOMU) Ta
BM3HAYEHHS 10r0 NapaMeTpiB (PO3MipiB Ta MiclenosoxxeHnHs). [Juceprallis CKJIaJaeThcs 3i BCTYIy, YOTUPbOX
PO37isiB, y SKMX BUKJIAJIEHO OCHOBHI HAyKOBi Pe3yJIbTaT POOOTH, 3arajibHUX BUCHOBKIB, CIIUCKY BUKOPUCTAHUX
IpKepeJi Ta JoJaTKiB. Y BCTYIIi OGIPYHTOBAHO Cy4YaCHUU CTaH MIpobJeMH, 0 PO3IJISAA€THCS B IUCEPTaLiiHIN
nocigxeHHs. [lepmuii po3ia NPpUCBSYEHO OISy CTaHy IPOOJIEMHU Ta OOIPYHTYBAHHIO HANPSIMY NOCJIiIKEHb
IyceprauiiHoi po6oTu. [IpoBeneHo aHali3 JiTepaTypHUX AKepesl i pO3KpUTO Cy4acHUM CTaH HOCiIKeHb, 10
CTOCYIOTbCS TEMU JiICEPTaLlifiHOi poO6OTHU. Y APyromy po3aiji fucepTaliiiHoi po60TH 3alpOIIOHOBAHO YMCEJIbHO-
AQHAJIITUYHY PO3PAXyHKOBY MOJIEJIb JIONATKU TypOiHU 3 TPIlIMHOIO, sIKa Ja€ 3MOTy IPOTHO3YyBaTH BILIUB [1apAMETPiB
KpanoBOi IOBEPXHEBOI TPIIIMHY Ta TEOMETPUYHMX [TAPAMETPIB JIONATKU Ha ii BJIaCHI 4aCTOTU KOJIMBAHb,
XapaKTepUCTUKY JeMIIpyBaHHS i CIIEKTP KOJIMBaHb. AIEKBATHICTb MOJeJIi i TBEPI)KEHO [IOPiBHSHHSIM 3
pe3yJbTaTaMu €KCIIEPUMEHTIB. Ha OCHOBI aHaMiTUYHUX AOCIiIKEHb, BAKOHAHUX i3 BUKOPUCTaHHSIM
3aIPONIOHOBAHOI MOJIeJli, TPOJAEMOHCTPOBAHO JOCTAaTHLO BUCOKUM PiBEHb UYTJIMBOCTI PO3IJISIHYTUX METOIIB
BiOPOIiarHOCTUKM [1J1sI BUSIBJIEHHSI IIOPIiBHSIHO HEBEJIMKUX TPIllIUH, PO3MIp SIKMX HE CTAHOBUTH 3arpo3u IJIs1

11iJliCHOCTI JIONIaTKU. BUKOHAHO MOPIBHAIBHUI aHaJIi3 YyTIMBOCTI BiOpalliliHMX XapaKTepPUCTUK [IOIKOIKEHHS

IOCJiIKyBaHi BibpaliliHi XapaKTepUCTUKU. Y TPETbOMY PO3[iJi JucepTauiiHoi poOOTH 3alIpOIIOHOBAHO YUCEJIbHO-
AQHAJIITUYHY PO3PAXyHKOBY MOJEJIb IJ1s1 BUBHAYEHHS 3MiHM BJIACHMX YACTOT IONEPEYHUX KOJIMBaHb POTOPIB IapPOBOi
Typ6iHu. Ha OCHOBI aHaJIITUYHUX JOCIiIKeHb, BUKOHAHUX i3 BUKOPHCTAaHHSM 3aIIPOIIOHOBAHOI MOJIeJIi
IIPE/ICTABJIEHO PE3YJIbTaTU MOZEIOBAHHS MTONIEPEYHMX KOJIMBAHb POTOPIB i BaJIONPOBOAY TYPOiHM 3 KPallOBOIO
[IOINePEeYHOI0 TPIMKUHOI0. Ha OCHOBI IUX AOCiI)KEHb pO3p006I€HO METOOVKU BiOpaLifiHOI AiarTHOCTUKYU
MOUIKOJPKEHb POTOPIB TypOiHM Ha eTalli iXHbOro PEMOHTY Ta BaJIONPOBOJY TypOiHM Mif| yac eKcIuTyaTauii. ¥
YeTBEPTOMY PO3iJi frucepTaliiiHoi po60TH ITpeJCTaBIeHO METOAUKY OLIIHKY e(PEeKTUBHOCT] 3aIIPOIIOHOBAHUX
METO/IiB Bi6pOIiarHOCTUKM IOIIKOPKEHHS JIONATOK i pOTOPiB TypOiH, 110 IPYHTYEThCS HA NIONIEPENHBO 3aAaHiN
BEJINYMHI 3MiHM iHGOPMaLiITHOI XapaKTePUCTUKHU MOLIKOKEHHS, sIKa IOBUHHA MePEBUILYBAaTH TOXMUOKY TECTY Ta

BI/Il'[a,H,KOBi YMHHUKN METONVIKN €EKCIIEPDUMEHTY.

2. The dissertation is devoted to the study of the influence of damage to the structural elements of a steam turbine
on the vibration parameters that arise during its operation and repair. Many elements of power equipment, in
particular turbine blades and rotors, in real operating conditions are subjected to joint or separate action of
mechanical load (static and dynamic), temperature and aggressive environment. The consequence of such loading
is the gradual accumulation of scattered fatigue damage, which leads to the appearance of fatigue and thermal
fatigue cracks, corrosion cracking and other types of damage. When a crack reaches a critical size, there is a
danger of destruction of a particular structural element with catastrophic consequences for the entire turbine.
Therefore, the development of methods that allow timely diagnosis of such a crack is an urgent practical problem.
Detection of damage in the structural elements of a steam turbine is a complex task, the solution of which is
accompanied by significant theoretical and practical difficulties. The use of local non-destructive methods of
damage diagnosis is possible only during repair work and requires significant time. Vibration diagnostic methods



for detecting damage in rotating shafts of steam turbines are practically the only way to prevent a technical
catastrophe. Vibration diagnostics of damage, which is based on the fact that the dynamic characteristics of an
undamaged body and a body with broken integrity differ significantly, has an advantage over local diagnostic
methods, since it is integral, i.e. characterizes the state of the object as a whole and therefore requires significantly
less time to obtain the result of the diagnosis of dimensional structures (turbine rotors) or numerous structural
elements (turbine blades). The difference in the dynamic characteristics of the body, due to a change in its
stiffness, can be used to diagnose damage (for example, fatigue cracks) and determine its parameters (size and
location). The dissertation consists of an introduction, four sections, which set out the main scientific results of
the work, general conclusions, a list of sources used and appendices. The introduction substantiates the current
state of the problem considered in the dissertation, its relevance and significance, formulates the goal and
objectives, object, subject and methods of scientific research. The first section is devoted to an overview of the
state of the problem and justification of the direction of research of the dissertation. An analysis of literary sources
is carried out and the current state of research related to the topic of the dissertation is revealed. In the second
section of the dissertation, a numerical-analytical calculation model of a turbine blade with a crack is proposed,
which allows predicting the influence of the parameters of the edge surface crack and the geometric parameters of
the blade on its natural oscillation frequencies, damping characteristics and oscillation spectrum. The adequacy of
the model is confirmed by comparison with the results of experiments. Based on analytical studies performed
using the proposed model, a sufficiently high level of sensitivity of the considered vibration diagnostics methods
for detecting relatively small cracks, the size of which does not pose a threat to the integrity of the blade, has been
demonstrated. A comparative analysis of the sensitivity of the vibration characteristics of turbine blade damage,
based on the relative change in its natural frequencies of oscillations, damping characteristics and the spectrum of
oscillations at the main resonance, has been performed. The influence of the crack parameters, namely its size and
location along the blade, as well as the blade stiffness, which changed due to a change in its length, on the
vibration characteristics under study has been shown. In the third section of the dissertation work, a numerical-
analytical calculation model is proposed to determine the change in the natural frequencies of transverse
oscillations of steam turbine rotors. Based on analytical studies performed using the proposed model, the results
of modeling transverse oscillations of rotors and turbine shafting with an edge transverse crack are presented.
Based on these studies, methods for vibration diagnostics of turbine rotor damage at the stage of their repair and
turbine shafting during operation have been developed. The fourth section of the dissertation presents a
methodology for assessing the effectiveness of the proposed methods for vibration diagnostics of turbine blade
and rotor damage, which is based on a pre-specified value of the change in the information characteristic of the
damage, which must exceed the test error and random factors of the experimental method.
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1. TTewko BiTamniii AHaTOIIOBUY

2. Vitaliy Peshko

KBasigikamis: . . u., rou,., 05.14.14
I,quTH(I)iKaTOp ORCID ID: 0000-0003-0610-1403
JoparkoBa indpopmanist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiickkui, 6ya. 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTugikarop ROR: He zacrocosyerscs

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Punpiok IMutpo BikropoBud

2. Dmitriy V. Rindyuk

KBasigikamis: . t. u., gou,, 05.18.12
InenTudikarop ORCID ID: 0000-0001-7770-7547
JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuyHuil yHiBepeuteT Ykpainn "KuiBchKuit

MOJITEXHIYHMI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BaacHoOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo oCBiTH i HayKu YKpaiHu



InenTudikarop ROR: He zacrocosyerscs

VIII. 3ak1104YHi BiZOMOCTI

BaacHe Ilpi3Bume Im's ITo-6aTbKOBI Heproycenko Ozbra [OpiiBHa
rOJIOBH pagu

BnacHe IlpizBume Im's I10o-6aTbKOBI Heproycenko Ozbra FOpiiBHa
TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBigaibHUH 32 MiZTOTOBKY Hocanb Onexkcanzp l0pinosny
00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




