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Po3ryisiHyTO NPUHIMIK OOYMCIICHHS BHYTPILIHIX 3YCHJIb KPYrOBOrO CKIHYEHHOIO €JIEMEHTA HalliBaHaJiTUYHOTO
merony ckinueHHuX enemeHTiB (HMCE) Ha OCHOBI OTpUMaHMX KOMIIOHEHT TEH30pa HAlpy>KeHb Ta OCOOJIMBOCTI
MiX0y, 110 TOB’A3aHI i3 BUKOPHCTaHHSAM MOMEHTHOI cxemu ckinHoro enemeHta (MCCE). Otpumano ¢opmyin
BU3HAYCHHS [OB3I0BXKHIX, TIEPEPI3yI0OYNX CHII, STHHAIBHUX Ta KPYTUIBHUX MOMEHTIB.

KarouoBi caoBa: Tia oOepraHHs, BHYTPIIIHI 3yCHIJUIS, HaliBaHAJITHMYHUI METOJ CKIHYEHHHX EJIEMEHTIB,
MOB3/IOBKHI CHJIM, TIEPEPi3yIodi CHIIM, 3TMHAIbHI MOMEHTH, KPYTHIIbHI MOMEHTH.

Beryn. OcobnuBe wicuie, cepell po3MaiTTsi 00’€KTIB, MO PO3MIISIAIOTHCS 32 JOIOMOIO0
aHAIITHYHMX 1 YMCEJBHUX METO/IB, 3aliMaloTh Tila 00EpTaHHS CKIaAHOI (OpMHU Ta CTPYKTYpH
MONIEPEYHOr0 Tepepizy, 0 YTBOPEHI PyXOM Jesikoi TBIPHOI MOBEPXHI B3JIOBXK 3aMKHYTOI abo
HE3aMKHYTOI HamnpsIMHOI Oe3 po3pHBiB. BuIineHHI reoMeTpUYHUI KaCc BUKOPHUCTOBYETHCS B
SIKOCTI MPUPOJHUX KOHCTPYKIIiH, By3JB Ta JieTanedl B OyIIBHHITBI i PI3HOMaHITHUX OOJIACTIX
MalMHoOyAyBaHHs. [Ipukinagamu 00’€KTIB MOXYTh CIYXHTH OallITOBI TpajiMpHi, BOIOHAITIPHI
Oanity, TMMOBI TPyOH, pe3epByapH Pi3HOTO MPU3HAYCHHSI, 3aXHUCHI OOOJIOHKH SIIEPHUX PEAKTOPIB,
PI3HOMAHITHI BY3JIM Ta JIETalli €HEPreTUYHOro 1 TPAHCIOPTHOTO MAIIMHOOYIyBaHHS, TOKPHUTTS,
(byHIaMEeHTH TPOMHKCIIOBUX 1 LUBUIBHUX OyIiBedb Ta Cropya, TyHenm i T.. JloctaTHbO Bennka
PO3IIOBCIO/PKEHICTh 3a3HaueHUX (GopM B OymiBelNbHI Ta MalIMHOOYIIBENIBHIN rany3six 3 OJHOTO
00Ky, Ta MOXJIMBICTh 3HAYHOTO CHPOILICHHS pPO3B’S3YIOYMX CIIBBIJIHOIIEHb 33 PaxyHOK
ypaxyBaHHS X T€OMETPUYHHMX OCOOJMBOCTEH 3 IHINOro, Ja€ MiJACTaBy JUisi PO3POOKH Ta
BUKOPHCTaHHS pi3HMX Monudikaniidi merony ckindeHuux enementiB (MCE). HaniBananiTHanuii
meron ckinyeHHux einementiB (HMCE) € oaHuM 3 Takux IiAXOAIB, SIKMH OTPUMAaB IIHPOKE
PO3IIOBCIO[DKEHHST Ul PO3B’s3aHHS 3ajad, 00 €KTaMM SIKMX € MPHU3MATH4HI TiIa Ta Tina
obepTaHHs CKJIaJHOI (POPMH Ta CTPYKTYpH TorepedHoro nepepisy. Bucoka edekrusricte HMCE
JUIi BU3HAYEHOTo KoJia 00’€KTiB Oysia MpOIEeMOHCTpOBaHa B oOiacti cratudHoro [3,6] Tta
JnuHamidHOTO [4, 9] aHaii3y, KOHTUHYaJIbHOI MEXaHIKH pYyHHYBaHHS B yMOBaX IMOB3y4ocTi [2],
JIOCITI/DKEHHST TPOLIECIB  HEJiHIMHOrO /eOpMyBaHHS 3ali300€TOHHMX KOHCTPYKUii [5],
MPOTHO3YBAaHHsI YTBOPEHHs TPIIMH Ta 1X PO3BUTKY [l], aHamizy MOBENIHKM KOHCTPYKIIH 3
ypaxyBaHHsIM X B3a€MOIii 3 IpyHTOBOIO ocHoBoto [ 10, 11].

CydacHI METOIMKH, SKI OpIEHTOBaHI Ha PO3PAaXyHOK IIMPOKOIO KIAaCy KOHCTPYKLIH, IIO
CKJIaJIAl0THCS 3 MACUBHHX 1 TOHKOCTIHHHMX €JIEMEHTIB, TIOBUHHI TIOPSJ] 3 BUCOKOIO TOYHICTIO OIHCY
HaIpyXeHo-1e()OpMOBAHOTO CTaHy O00’€KTIB ckiamHoi (OpPMH Ta CTPYKTYpH, 3a0e3redyBarH
BUCOKY UIBHJKICTH 30DKHOCTI JIO TOYHOTO PIIICHHS TPH MiHIMAJIbHUX YHCEIBbHUX BHUTPATAX.
3aBisKM BBEACHHIO JIOIATKOBUX TiMOTE3, IO HE 3MEHIIYIOTh TOYHICTh anpoOKCHUMAIl,
NpeZICTaBIIeHHIO iepopMaliiil 1 HarpyXeHb B (pi3UYHUX TEPMIHAX Ta Y BIAMIOBIHOCTI O MOMEHTHOI
cxemu ckindenHoro eiemerra (MCCE) [7, 8] BraeTbcs 3 OfHIET CTOPOHM YHUKHYTH TPYAOMICTKOL
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TPOLIE/YPY YUCENIBHOTO IHTErPYBAaHHS MO IUIOLII MONEPEYHOro MEPEeTHHY CKIHUYEHHOTO eJleMEHTa
(CE), 3 iH1I0i - 30epertu BUCOKY e(heKTHBHICTh POCTOPOBOI IUCKPETH3ALIiL.

He3Bakatoun Ha BeNUKY KUIBKICTh IMyOJNiKAaLli, MPHUCBSYECHUX HAIMIBAHATITUYHOMY METOIY
CKIHUEHHUX EJIEMEHTIB,[TUTAHHS BM3HAYEHHS BHYTPIIIHIX 3YCHJb, SIKI 4aCTO € KOMIIOHEHTHHUMH
YUHHUKAMH KPHUTEPIiB MILHOCTI, L0 3aKNaJeHi 10 JepKaBHUX OYyIiBeJIbHHX HOPM, HEHAJICKHO
3anuiiarTeesi no3a yearoto. Bukopucranus HMCE y noeananni i3 MCCE crBoprotoTh Jiesiki
MareMaTH4Hi 0COOIMBOCTI OOYHUCIICHHS BHYTPIIIHIX MOB3IOBXKHIX, EPEPI3YI0UYNX CHJI T MOMEHTIB.

BHyTpimHi 3ycMuIII  TOHKOCTIHHMX  eJIeMeHTIB Tijl 00epTaHHS B  paMKax
HANBAaHAJITHYHOI0 MeTOy CKiHYeHHUX ejieMeHTiB. OCOOIMBOCTI BU3HAUYEHHS BHYTPIIIHIX
3ycwib B 0a3oBux ckiHueHHHX ejemeHTax HMCE mnokaxemMo Ha TpHKIaai HEOAHOPIAHOI
JKOPCTKOI 3amieMiIeHOT KOHIYHOI 000JI0HKH JUMOBOI TpyOu. [Ipu 1pomMy B3IOBXK pajialibHOrO
HAINpPSIMKY PUHAMA€EMO JIBa CKIHYEHHUX EJIEMEHTH, a B3JIOBXK TBIPHOI KIIbKICTh €IIEMEHTIB MOXE
OyTH OBIJIBHOIO.

BusHauagbHMMM TapaMeTpaMH HampyKeHO-Ie(OpMOBAaHOrO CTaHy OHMMOBOI TpyOH €
NepeMillleHHs] BY3JiB CITKOBOI 00JacTi Ta HampyXKeHHs, W0 JII0Th B LEHTPAaX CKiHYCHHUX
€JIEMEHTIB.

Ha puc. 1 (a), (06) HaBeleHO NpHKIAX PO3PAXYHKOBOI CXeMHU JMMOBOI TpyOM 1 TOKa3aHi
HANpPYXEHHs, 10 AilI0Th HA HECKIHYEHHO Masiuii 00’€M, BUIIJICHHH HABKOJO TOYKH B IIEHTPI
CKIHYEHHOrO enieMeHTa. KOMIIOHeHTH HampyXeHb IOJAIOThCS B OCAX MICLEBOI CHCTEMH
koopauHaT O XX, .
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Puc. 1. Po3paxyHkoBa cxema

BigmiTuMo, 110 HANpY)XEHHS, sIKi MAlOTh OJJHAKOBI 1HAEKCH HE 3aBXKAU € HOPMAIBHUMHU IO
BiJTHOIIICHHIO JIO IUIOIIAJIOK, SIKI € TPaHsSMH CKIHYCHHHX eneMeHTIB. Lle  BigHOCHTBCS 1 110
HAMpPYXEHb 3 PiI3HUMU iHICKcaMu. BOHM He 3aBXKAW € JOTHYHUMH HAMPYKEHHAMH 10 THX )K€
CaMuX IUIONIAJI0K. BUKIIFOUEHHS CKITaIat0Th JIMIIC HAIPYKEHHS, 1110 MArOTh iHIEKC 3.

3yCHIIAMH, 0 TOTPeOYIOTh BU3HAUEHHS €: IIOTOHHI HOPMAaITbHi M N, Ta Nj, IO Aif0Th
B3I0OBXK ocel Ojx, Ta O\x; BiANOBIgHO; MOTOHHA Tepepis3yroda cmna (), HampsiMiIeHA
HEepHEeHIUKYIApHO 10 oci O, ; MOTOHHA Cuiia 3CYBY S|, IIO i€ B3IOBXK OCi, HOPMaJIbHOI 10
O,x, Ta IIOTOHHA CUJIA 3CYBY S, IO Ji€ B310BX oci O, X, ; MOTOHHI 3THHATIbHI MOMEHTH M5,

Ta M3, , mo Airote B miomuHax Ojx;x, Ta O,x;X3 BiANOBiJHO, TOTOHHI KPyTHIbHI MOMEHTH

M3, MY, mo nirote B miommHax Oyxx; Ta OjX|X,, BiANOBiAHO. 3yCHILIs, WO Ail0Th HA

rpaHsx CKIHYEHHOTrO eJIeMEeHTa, I0Ka3aHi Ha puc. 2.
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Ha puc. 3 300paxeHi cKiaioBi HaNpyKeHb o? 1a

012 , 110 BHUKIIMKAIOTH ITOI'OHHE HOPMAJIBHE 3YCHUILIA

N,. 3ycumns N, gie B3moBK oci  Ox,,
HEPNEHANKYIAPHO OO IIIOMAIKH, HOPMAIIIO A0 AKOI
€ Bick O)x, . HopmaneHy cuny N, MOXHa 3HaiTH K
CyMy CKJIaJOBUX 3yCHJIb, OTPUMAHHX Bl KOXKHOI
KOMIIOHEHTH HaIPy/KEHb.

30KpeMa, KOMITOHEHTA HATPYKEHb G2 TaK Camo,
Ak 1 N,, HanpsmieHa B3#oBk oci Ojx,, TOMYy

CKJIaZIoBa Ng) HOTOHHOI HOpMalbHOI cuid N,

Puc. 2. 3ycuiuis Ha rpaHsX CKiHYEHHOT O

22
eIIeMEeHTa BUKJIMKaHa HAIPYXEHHAM O 3HAaXOOUTHCA SK

JIOOYTOK o> na JIOBXHHY A tutomiajku (puc. 3 (a)).
KomrioHeHTa HanpyxeHb o2, mo xie mapanenbHo 10 oci Opx;, Ha INIONIMHI 3 HOPMAJITIO

O\x,, TakoX Ja€ BKJIaJ B HOpMajbHy cuily N,. Ilo3HauuMo CKIaZoBy HOpPMAaJIbHOI CHIIH,

BUKJIMKaHY HaIpPyKEHHIM o' yepe3 Néz) (puc. 3 (0)). Pemta KOMIOHEHTIB HANpYXEHb HE

JIal0Th BKJaJ B HOpPMaJlbHy cuily N, .

©6)

Puc. 3. Cxema po3raliyBaHHs 3yCHIIb

TakuM uyMHOM, ITOTOHHA HOpMallbHa cuna N, Moxe OyTH 3Haili/ieHa SK cyma:
V(O] 2

N, =N,  + Ny~ (1)
AHaNOriYHUM YUHOM MOYKHA 3BECTH 1 PEIUTY 3yCHJIb.
[ponenypy Bu3HA4YEHHS 3yCWIb MOXHa (OpMaii3yBaTH, SKIIO IMONEPEAHHO BH3HAUYUTH

. . Ol]
(hi3M4YHI KOMIIOHEHTH HAIPYXEeHb G
0¥ ii
c = @)

Jl11 BU3HauUCHHS CKJIAJ0BUX HANPYXEHb, [0 JAIOTh BKIAAU B 3yCHIUIA, HEOOXIJHO MEepeHTH
. Ol] . . .
BiJi KOMIIOHEHT HaIpYyXe€Hb G , 3aJaHUX B MICLEBIH cucTeMi KoopauHaT O)xX,X3 10

ne g" - KOMIIOHEHTH METPMYHOTO TEH30pa.

I/ “
KOMIIOHEHT Halpy)K€Hb G , BU3HAUEHUX B OCAX cUCTEMU KoopauHaT O,y 'x,x; (puc. 3).
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ITepeTBOpeHHsST KOMIIOHEHT HANpYKEeHb i3 OJHOI CHCTEMH KOOPIHMHAT B IHINY, MOXYTb OyTH
OTpUMaHi Ha OCHOBI 3arajibHUX MPAaBWJI IUIIXOM MOJBIHHOTO MEPEMHOXEHHS Ha TEH30p

MIEPETBOPEHHS C} KOOPJMHATHUX CHCTEM:!

kl
— w0 kl

i)
o =c¢c *o =c 2—. (3)

Komrmonentu teHzopa ¢, mo CyTi, € KOCHHYCaMH 1 CHHYCaMHu KYTiB MiX BiAIIOBIJHUMHU

j b
ocsiMu cucteM O x;x,x3 Ta Oy xyX3.
3okpema cll =cosa, c% =0, c12 =sina, C22 =1, Clln =cosa., Cén =0. Pewra

KOMIIOHEHT 3 1HJeKCaMH, 110 IOPiBHIOIOTH TPHOM, PiBHI Hymo

J .
[MpumycTumo, 1Mo 3aKOH PO3MOLUICHHS HAIPY)KEHHSI © B MeXaX KOXHOTO CKIHYEHHOT'0
€JIEMEHTA MPEJICTABIISIE COOOO JiHIHHY QYHKIIIO:

e & o ]
c =c +6c5_k:G +0k xk, 4)
Ox
0 o
Je ¢ - HalpY)XCHHS B IIEHTPI CKIHYEHHOT'O eJIEMEHTY, G - HOXiAHI BiJ HAIIPY)KEHb.
Toni 3ycniist 1o HAaIPYKEHHSIX MOXKHA 3Ha171TH i3 CIiBBiTHOIIICHB:
1, . N 1 o
5 (02720 22" 5 02" 022
N, = I c +0] J c dx1 =0 s
_1 1
2 2
1, o e 1 . -
5 (033" 373 5 0373 033
N3 = I c +0] I c dx' =c s
1 1
2 2
5 (ol'2" ol'2 5 ol 012
0, = I c +0] X! ldx! = IG ' =c s
1 _1
2 2
1 N 1 -
5 (ol'3" oI'3 5 ol'3 ol'3
05 = I c +o; x'ix'= IG dx'=¢ %)
1 _1
2 2
1 N 1 .. -
5 (031 371 5 031 031
o= I c +0] ¥ lax! = I c dx' =o s
1 1
2 2
1 . 1 -
5 (033" ¢33 5 0373 033
MP = |lc +o dx!' = 20 = L
2 = Ao X axs = § o1 qdx =--061
2 2
1 . 1 N
5 (02720 22 5 0272 022
My = I G +01 X )cldx1 = J‘GJ xfdx1 :Lc,l , (6)
2 2
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Bpaxosyroun (3), a TAKOX IPUAMAIOYH 0 YBATH, IO KOMIOHEHTU METPUYHOTO TEH30pY g

Ta KOMIIOHEHTU TEH30pY MEPETBOPEHHS c’j HE 3MIHIOIOTBCS B MEXaX CKIHYEHHOTO €JIeMEHTa,

3YCHIUIS MOYKHA BU3HAYMTH YePe3 KOMIIOHEHTH HANPyKeHb 67 3a hopMynamu:

N, = leC/% Clz _ leci C13
2T ki T [k i
g &g g &g
Q _ lec}c C12 Q _ lec,lc 3 Q _ leci Cll
b = O3 = 01 = ;
] ] "k Il
‘/g g ‘/g g ‘/g 8
oflel ¢ ot ¢} oflel ¢ oMl of
MK[J._L* , M 1 s M 1 M — 1 %2, 7
2 7o w0 BT AT 33 T [k - (7)
g8 & g8 & g 8 g8 8

BucHoBku. TakuM 4YWHOM, BHKOPHCTaHHS HAIiBaHAJITUMHOIO METONY CKIHUEHHHX
€JIEMEHTIB 13 3aJIy4eHHSM TMpPOLEAYpP MOMEHTHOI CXEMH CKIHYEHHOTo eJieMeHTa MoTpeldye
MEBHUX MATEMAaTUYHUX YTOUYHEHb CTaHIapTHUX (opMyn oOuucieHHs BHyTpinHiX 3ycuib CE,
110 1 OyJI0 IPOJIEMOHCTPOBAHO B MPEACTABIICHIH POOOTI.
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Conooeitl 11, Cmpueyn P.JL, Illoskiscoka B.B., Muponuenxo A.O.
OCOBJIMBOCTI BUBHAYEHHS BHYTPIIIHIX 3YCHJIb B BA3OBUX CKIHYEHHUX EJIEMEHTAX
HMCE

Po3ryisiHyTO NPUHIMIK OOYMCIICHHS BHYTPILIHIX 3yCHJIb KPYroBOrO CKIHYEHHOTO €JIEMEHTA HalliBaHaJiTUYHOTO
merony ckinueHHuX enemeHTiB (HMCE) Ha OCHOBI OTpUMaHMX KOMIIOHEHT TEH30pa HAlpy>KeHb Ta OCOOJIMBOCTI
MiX0y, 110 TOB’A3aHI i3 BUKOPHCTaHHSAM MOMEHTHOI cxemu ckinHoro enemeHta (MCCE). Otpumano ¢dopmyin
BU3HAYCHHS [OB3I0BXKHIX, TIEPEPI3yI0OUYNX CHII, STHHAIBHUX Ta KPYTUIBHUX MOMEHTIB.

Oco0nuBe Micue, cepest po3MaiTTs 00’ €KTIB, 110 PO3MIIIAIOTHCS 33 JOMOMOIOI0 aHATITUYHUX 1 YU CEIBHUX METO/IB,
3aiiMaloTh Tila 00epTaHHs CKJIaJHOT (POPMH Ta CTPYKTYPH MONEPEUHOro Mepepisy, o YTBOPEHI pyXoM JesKoi TBipHOT
MOBEPXHI B3/I0BX 3aMKHYTOI a00 He3aMKHYTOi HampsMHOI 0e3 po3puBiB. Buuinenuit reomerpuunuii kiac
BUKOPUCTOBYETHCS B SIKOCTI HPUPOJHIX KOHCTPYKLIHM, By3/iB Ta Jerajnedl B OyQiBHULTBI i pI3HOMaHITHUX 00NacTAX
MalMHOOYyBaHHA. JloCTaTHBO BEJIMKA PO3MOBCIOKEHICTh 3a3HadeHUX (opM B OyiBesIbHIN Ta MalMHOOYMIBENIbHIN
rajy3sx 3 OZIHOro OOKy, Ta MOXJIMBICTb 3HAYHOI'O CIPOILEHHS PO3B’A3yIOUYHUX CIIIBBIIHOLICHD 32 PaXyHOK YpaxyBaHHS
X reOMeTpUYHUX 0COOIMBOCTEH 3 IHIIOrO, JIa€ MiICTaBy Ui PO3POOKU Ta BUKOPUCTAHHS Pi3HUX Moaudikauiii MeTony
ckinuennux enementiB (MCE). HaniBananituunuii meton ckindennux einementiB (HMCE) € oqauM 3 Takux migXois,
SIKMH OTPUMAaB IIMPOKE PO3MOBCIOJDKEHHS Ul PO3B’s3aHHA 3a/1ad, 00’€KTaMH SKUX € NPU3MAaTU4YHI TiIa Ta Tija
o0epTaHHs CKJIaaHOI GOopMM Ta CTPYKTYpH HONEPEHHOro Iepepisy. 3aBAsKd BBEICHHIO IOJATKOBHX TiNOTE3, 110 HE
3MEHIIYIOTh TOYHICTh aINpPOKCUMALll, NpeicTaBieHHIO aedopMmauiidi i HampyxeHb B (I3MYHUX TepMiHaX Ta y
BIJNOBIAHOCTI /10 MOMEHTHOi cxemHu ckiHdeHHoro enemeHta (MCCE) Bnaerbcss 3 opiHi€] CTOPOHM YHUKHYTH
TPYJIOEMKOI MPOLEAYPH YHUCEIBHOIO IHTErPyBaHHA IO IUIOLI MONEPEYHOro nepeTuHy ckinyenHoro enementa (CE), 3
1HILOT - 30epertTi BUCOKY e(heKTUBHICTh POCTOPOBOI AU CKpETU3aLlii.

Hespaxaroun Ha BENUKY KUIbKICT IyOJTiKalliil, IPUCBAYEHNX HANIBAHAIITUYHOMY METO/Y CKIHYEHHMX E€JIEMEHTIB,
MUTAHHS BU3HAYEHHS BHYTPILIHIX 3yCHIIb, IKi YaCTO € KOMIIOHEHTHUMU YMHHUKAMU KPUTEPIiB MIl[HOCTI, 110 3aKJIa/IeHi
JI0 JiepskaBHUX OyAiBEIbHMX HOPM, HEHAJEKHO 3aJIMINAIOThCs 1o3a yBarow. Bukopucranns HMCE y noennanHi i3
MCCE cTBOpIOIOTh A€sAKI MaTeMaTH4YHi 0COOJMBOCTI OOYMCIICHHS BHYTPIIIHIX MOB3JOBXHIX, NEPEPi3ylounx CHI Ta
MOMEHTIB.

KarouoBi caoBa: Tia oOepraHHs, BHYTPIIIHI 3yCHIJUIS, HamiBaHAJITHYHUM METOJ CKIHYEHHHUX EJIEMEHTIB,
MOB3/IOBKHI CHJIM, TIEPEPi3yIodl CHIIM, 3TUHAIbHI MOMEHTH, KPYTHIIbHI MOMEHTH.

Solodei 1.1, Stryhun R.L., Shovkivska V.V., Myronchenko A.O.
DETERMINATION OF INTERNAL EFFORTS IN THE BASE FINITE ELEMENTS OF SAFEM

The principles of calculating the internal efforts of a circular finite element in the semi-analytical finite element
method (FEM) based on the obtained components of the stress tensor and the peculiarities of the approach associated
with the use of the moment scheme of the finite element (FEM) are considered. Formulas for determining longitudinal,
shear forces, bending and torque moments have been obtained.

A special place, among the variety of objects considered with the help of analytical and numerical methods, is
occupied by bodies of revolution of complex shape and cross-sectional structure, formed by the movement of some
creative surface along a closed or opened line without breaks. The selected geometric class is used as natural structures
of nodes and details in construction of mechanical engineering. The sufficiently wide distribution of the specified forms
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in the construction and machine-building industries, on the one hand, and the possibility of significantly simplifying the
solving relationships by taking into account their geometric features, on the other hand, provide a basis for the
development and use of various modifications of the finite element method (FEM). The semi-analytical finite element
method (SAFEM) is one such approach that has gained widespread use for solving problems whose objects are
prismatic bodies and bodies of revolution of complex shape and cross-sectional structure. Due to the introduction of
additional hypotheses that do not reduce the accuracy of the approximation, the representation of deformations and
stresses in physical terms and in accordance with the moment scheme of the finite element (MSFE), on the one hand, it
is possible to avoid the time-consuming procedure of numerical integration over the cross-sectional area of the finite
element (FE), on the other hand - maintain the high efficiency of 3D discretization.

Despite the large number of publications devoted to the semi-analytical method of finite elements, the question of
determining internal forces, which are often component factors of the strength criteria laid down in state building codes,
is inappropriately neglected. The use of SAFEM in combination with MSFE creates some mathematical features of
calculating internal longitudinal, shearing forces and moments.

Key words: bodies of revolution, internal efforts, semi-analytical finite elements method, longitudinal forces, shear
forces, bending moments, torque moments.
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Posenanymo npunyunu 0OYUCIEHH 6HYMPIUWHIX 3YCUTL KPY208020 CKIHYEHHO20 eleMeHma HaniéaHatimuyHo20 Memooy
ckinyennux enemenmie (HMCE) na ocHo6i ompumanux KOMROHEHN MeH30pa HAnpydiceHb ma 0cooau8ocmi nioxooy, ujo
noe’Asami i3 euKopucmaHHam momeHmuoi cxemu ckinnoeo enemenma (MCCE). Ompumano gopmyau eusHauenHs
1063006ICHIX, NEPEPI3YIOUUX CUI, 32UHATLHUX MA KPYMUTLHUX MOMEHIMIE.
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The principles of calculating the internal efforts of a circular finite element in the semi-analytical finite element method
(FEM) based on the obtained components of the stress tensor and the peculiarities of the approach associated with the
use of the moment scheme of the finite element (FEM) are considered. Formulas for determining longitudinal, shear
forces, bending and torque moments have been obtained.
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