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Pedepar:

1. CroropHi my>ke BeslvKe 3Ha4Y€HHS y CBITi NPUIiNS€eThCS PO3BUTKY aTOMHUX CTaHLiN Majioi noTy>kHocTi (ACMII).
YkpaiHa 3i CBOIM BeJIMKMM MallMHOOYiBHMM MOTEHIiaJIOM Mae 3aiHSTH JOCTOMHE Miclie cepel] BUPOOHUKIB
HeoOxigHoro ayng ACMII o6nagHaHHg. OJHMM 3 OCHOBHUX €JIEMEHTIB peaKTOPHOi ycTaHOBKY (PY) € maporenepaTtop
(TIT"). B po60Ti BUKOHAHO aHami3 ctany po3pooku ACMII, icHyrounx koHcTpyKuii [1T'. 3 aHami3y BUKOpUCTaHUX
KOHCTpyKUii1 [T 3po6s1eHO BUCHOBOK, 110 HaKbinbl NpuitHATHUM € I1I" 3 KoakciasbHUMM 3MilOBUKaMU. Y SIKOCTI
Marepiany TENI000MiHHUX TPyOOK BUKOPUCTOBYIOTHCSI TATAHOBI CIIJIaBU. 33 IPOTOTHUII KOHCTPYKLii BU6paHO
BepTukanbHuil I 3 meperpiBom napu, 10 BUKOPUCTOBYETLCA Y epHiN eHepreTuyHin ycranosui KJIT-40C.
3anponoHoBaHo KOHCTpyKLito 1, sika He Mae HemoJiKiB NpIMoTOYHMX [1I' Ta 03BOJISE 3MiMICHIOBATU IPOLYBKY, SIKA
CYTTEBO CIIPOLIye BOJHO-XIMIYHUI pesxuM. [IpoBeieHO po3paxyHKOBE CIIiBCTABJIEHHS! Pi3HUX CXE€M MapOTypOiHHUX
YCTaHOBOK, SIKE [10Ka3aJI0 NiABUILEHHS a6COMOTHOrO eyeKTpruyHoro KKJI 3 yckiafiHEHHSIM TEIJIOBOI CXEMU 32
PaxyHOK BUKOPUCTaHHS PEreHepaTUBHUX Mifirpisayis, IPOMDKHOIO Cernaparopy Ta rneperpisada napu. IlokasaHo,

110 KOKHUI 3axin npuBoauThb 1o nigsuimenHs KK npubausHo Ha 1 %. Po3po6sieHO MEeTOAMKY TEXHIKO-



€KOHOMiYHOro po3paxyHky [1I'. [lns ontumizanii 3a Kputepiem MiHiMyMy IIpHBeJ€HUX BUTPAT HEOOXiTHO BU3HAUNTH
BapTicTb [1I' Ta BUTpaTH eseKTpoeHeprii Ha LMPKYJILII0 TeIJIOHOCIS Ta pob04oro Tijia yepes Hporo. s
BM3HAUEHHS BAPTOCTi PO3P06IEHO KOHCTPYKLiMHUI po3paxyHOK [1I', a came po3mipiB OCHOBHUX IOT0O €JIEMEHTIB!
Ter1006MiHHUX TPYOOK (TOT), unniHgpUYHOI YaCTUHY, KPUILIKY, IHUIIA Ta IATPyOKy Kopmycy. [TokasaHo, 1o
PO3IJISIHYTa KOHCTPYKILisl Ma€e TIeBHi OCOOGIMBOCTI, a caMe [1J1s BUBHAUYE€HHSI OCHOBHUMX pPO3MipiB Tpeba 3aaBaty IsTh
napaMeTpiB, 3aMiCTb YOTUPHOX [JIs1 PELITU TeIyIo0OMiHHUX anapartis: giameTtp TOT, kpok posrauryBaHHs TOT y
BEPTHKAIbHOMY Ta TOPU30HTAJIbHOMY HalPsIMKax, IIBUAKICTb )KMBUIbHOI Bogu B TOT Ta IBMIKICTh TEIJIOHOCIA Y
MDKTpy6HOMY nIpocTopi. OCTaHHIN NapaMeTp BU3HAYA€ KiJIbKICTb PsfiB KOHLIEHTPUYHUX 3Mi€BUKIB, Ki CKIaal0Th
71011y TEeTI000MiHy. IIpu po3po61ii aIropuTMy TEIJIOBOIO PO3PaxXyHKYy IpoaHasizoBaHi pisHi popmymnu s
BU3HAYEHHS Koe(illieHTiB TEMNJIO0Biavi IPY NOIlepeYHOMY OOTiKaHHI TENJIOHOCIEM FOPU3OHTAJILHUX 3Mi€BUKIB Ta
IIpU MPOTiKaHHi po60YOro Tijla B TEIJIOOOMIHHUX TPYOKax Ha ITSITU [iIsTHKaX TeroooMiny. [IpoBesieHO BapiaHTHI
PO3paxyHKU [171s1 BUBHAUE€HHS BIIJIMBY OCHOBHMX KOHCTPYKTMBHUX I1apaMeTpiB Ha IOy Tery1ooominy [T
Po3p0o6s1€HO METOAMKY TiipaBIiYHOro PO3paxyHKy TEIJIOOOMIHHOI [I0BEPXHi Ta AiJITHOK JO Ta MicJIsl IOBEepxHi
ter1oo6Miny y I1I'. TTpoBeieHO BapiaHTHI pO3paxyHKHU 1151 BUBHAYEHHS! BIUIMBY KOHCTPYKTUBHUX [TapaMeTpiB Ha
rigpasinivyHuil onip naporeHeparopy. JocuimkeHo YMOBH, sIKi 3a6€3MeUyI0Th rifjpaBiliuHy CTiiiKiCTb po60TU
IIPSIMOTOYHOrO NaporeHepaTtopy. [IpoBeeHo aHali3 MaTeMaTUYHOI MOJIEI, SIKa MOSICHIOE BUHUKHEHHS
rimpaBJigyHOI HECTIMKOCTI B KaHaJi 3 1Boda3HUM POOOYUM TiJIOM. 3p0o6seHo di3nyHe MMOsSCHEHHSI BUKOPUCTAHHS
IpOCEesIbHOI Aoy Ha BXifHINM OingHI 171 3a1106iraHHs BUHMKHEHHS HeCTiKocTi. [TokazaHo, 1110 J0AaTKOBU OMip
MOXKe OyTH 3a6e31e4eHNI NEBHUMU PO3MipaMy >XUBUJIbHOI TPYOKH, SIKA MiBOAUTD BOAY [I0 TEMJIO0OMiHHOI TPYyOKHU.
B pesysibTarti aHasizy yMOBU JOCATHEHHS TifIpaBilivyHOI CTIMKOCTI BUSBJIEHO HEJIOCTATHIO BU3SHAYEHICTS 11i€i
HEPIBHOCTI. 3alpOIIOHOBAHO BU3HAYATU JOLATKOBUH OIIp Yepe3 BpaxyBaHHS MOXKJIMBOTO BiIXWJIEHHS PO3MipiB
TEIJIOOOMIHHUX TPYO, SIKi cepel;, pO3IJISIHYTUX [TapaMeTpiB, Haibiblle BIVIMBAIOTh HA PO3PaXyHKOBUM TiflpaBIliuyHAN
onip TOT. [IpoBeneHO onTUMi3allilo OCHOBHUX KOHCTPYKTUBHUX MapameTpiB npsamoTo4yHoro [1I'. [Tpu po3paxyHKy
BaprocTi [1I' 6ys10 BpaxoBaHo BUTparu Ha 3BapioBanHs TOT. lle 103BOMAM BU3HAYNTH oNlTUMabHUM fiametp TOT
3a MiHIMyMOM NpUBEAEHUX BUTpaT. ONTUMasbHa WBUAKICTb XKUBUIBbHOI Bogu Ha Bxogi B TOT gopisnioe 0.71 M /c.
BusHaueHo, 0 TOBIIMHA KiJIbLIEBOTO 3a30Py MK KOPIIyCOM Ta LIAXTOIO 4J1s1 IPOXOAY TEIJIOHOCISI BU3HAYAETLCS 3

YMOBU MiHIMyMY TiipaBjliYHOrO ONIOPY [IPY BUXOZi TEIJIOHOCIS 3 IaTPyOKYy.

2. Today, the world attaches great importance to the development of low-power nuclear power plants (NPPs).
Ukraine with a large machine-building potential should take its rightful place among the manufacturers of
equipment necessary for AIPS. One of the main elements of a reactor plant (RP) is a steam generator (SG). The
paper analyzes the state of development of low-power NPPs, existing structures of SGs. From the analysis of the
used SG designs, it was concluded that the most acceptable is the SG with coaxial coils. Titanium alloys are used as
the material for the heat exchange tubes. A vertical steam generator with steam superheating used in the KLT-40S
NPP was chosen as a prototype of the design. The proposed design of SG does not have the drawbacks of direct-
flow SG and allows for blowing, which greatly simplifies the water-chemical regime. A computational comparison
of different schemes of steam turbine plants was carried out, which showed an increase in the absolute electrical
efficiency with a complication of the thermal scheme due to the use of regenerative heaters, an intermediate
separator and a steam superheater. It is shown that each measure leads to an increase in efficiency by about 1%.
The technique of technical and economic calculation of SG has been developed. To optimize according to the
criterion of the minimum of the reduced costs, it is necessary to determine the cost of the SG and the energy
consumption for the circulation of the coolant and the working fluid through it. To determine the cost, a structural
calculation of the SG has been developed, namely, the dimensions of its main elements: heat exchange tubes (HET),
cylindrical part, cover, bottom and housing branch pipe. It is shown that the design under consideration has
certain features, namely, to determine the main dimensions, it is necessary to set five parameters, instead of four
for the rest of the heat exchangers: the HET diameter, the HET positioning step in the vertical and horizontal
directions, the feed water velocity in the HET and the coolant velocity in the annular space. The last parameter
determines the number of rows of concentric coils that make up the heat transfer area. When developing an
algorithm for thermal calculation, various formulas for determining the heat transfer coefficients were analyzed



for the transverse flow of the coolant around horizontal coils and for the flow of the working fluid in the heat
exchange tubes at five heat transfer sections. Variant calculations were carried out to determine the influence of
the main design parameters on the SG heat exchange area. A method has been developed for the hydraulic
calculation of the heat-exchange surface and areas before and after the heat-exchange surface in the SG. Variant
calculations have been made to determine the effect of design parameters on the hydraulic resistance of the steam
generator. The conditions that ensure the hydraulic stability of the operation of a once-through steam generator
(OTSG) have been investigated. The analysis of the mathematical model that explains the occurrence of hydraulic
instability in a channel with a two-phase working fluid is carried out. A physical explanation is made for the use of
a throttling washer in the inlet section to prevent instability from occurring. It is shown that additional resistance
can be provided by certain dimensions of the feed tube supplying water to the HET. As a result of the analysis of
the conditions for achieving hydraulic stability, an insufficient certainty of this inequality was revealed. It is
proposed to determine the additional resistance, taking into account the possible deviation of the dimensions of
the HETs, which among the considered parameters most affect the calculated hydraulic resistance of the HET.
Optimization of the main design parameters of the OTSG was carried out. When calculating the cost of the SG, the
costs of welding HET were taken into account. This made it possible to determine the optimal diameter of the HET
based on the minimum of the reduced costs. The optimal speed of the feed water at the inlet to the HET is 0.71 m /
s. It was determined that the thickness of the annular gap between the casing and the shaft for the passage of the
coolant is determined from the condition of the minimum hydraulic resistance when the coolant leaves the nozzle.
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