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AHOTALIA  [lpusedeni  pesyriomamu  OOUUCTIOBANbHUX — EKCNEPUMEHMIE 3  GU3HAUEHHS  3AKOHOMIPDHOCMEU  6NIUBY
CKIHUEHHOECNIEMEHMHO20 MOOENIO8AHHS KOHMAKMHOT 63A€MO0Il  OAHOAJCHUX NOAUYb HA CHEKMp GIACHUX YACMOM KOJIUBAHb
JIONAMKOBUX 6iHYI6 pobouux Konic mypoOin. Bcmanoeneno, wo HezanedicHo 6i0 ymog exchiyamayii 0eueyna i chieBiOHOuleHHs
2e0MEMPUYHUX POIMIDIE TONAMOK CNOCIO MOOENIOBAHHS He MAE CYMMEBO20 6NAUBY HA GLACHI YACMOMU KOAUBAHb.

Knrwwuosi cnosa: nonamrosuti sineysb, 6AHOANCHA NOIKA, CKIHUEHHUL efleMeHm, 8IACHA Yacmoma KOJIUGAHb.

AHHOTAIIUA [Ipusedenvt pe3ynvmamvl Gbl4UCIUMENbHBIX IKCHEPUMEHNOE NO ONPeOeNeHut0 3aKOHOMEPHOCHeN  GIUusHUA
KOHEYHOINEMEHMHO20 MOOEIUPOBAHUS  KOHMAKIMHO20 63AUMOO0eliCmEUs OAHOAJNCHbIX NOJOK HA CHEeKMmp COOCMBEHHBIX YaCHmOom
KOIe0aHUll TONAMOYHBIX 8EHYO8 padoyux Koec mypouH. YCmaHo81eHo, Yo He3d8UCUMO O YCI08ULL IKCNIYAMAyul 08ueamens u
COOMHOUIEHUSI  2COMEMPUYECKUX PA3MePO8 JONAMOK CHOCOO MOOeIUpOBaHUsl He O0KA3bleaem CYWeCmBeHH020 6GIUAHUL Ha
cobcmeennvle uacmomsl Koaebanuil.

Knrouesvie cnosa: nonamounulii geney, OAHOANCHASL NOJIKA, KOHEYHBIU dNIeMeHM, COOCMBEHHAsL Yacmoma Koiedanull

VARIANTS OF THE CONSIDERATION OF THE CONTACT INTERACTION IN
THE SHROUDS FOR THE MODAL ANALYSIS OF THE TURBINE BLADING BY
FINITE ELEMENT METHOD

YA. D. KRUGLII

G. S. Pisarenko Institute for Problems of Strength of the National Academy of Sciences of Ukraine, Kyiv, UKRAINE

ABSTRACT This paper presents the computational investigation on the influence of the finite element simulation method of contact
interaction between shrouds on the natural frequency spectrum of blade rows.

In the simulation of blade rows we assumed their structural rotational symmetry. The problem is solved using the finite element
method. Three approaches to taking into account the contact interaction between shrouds are considered: 1. Applying of the
compatibility conditions of nodal displacements at the nodes where non-zero contact pressures are observed; 2. Development of
elastic elements (the values of the stiffness coefficient correspond to those of the contact pressure at the corresponding nodes);
3. Combination of the first and second approaches.

Based on the performed computational experiments, the regularities of influence of the simulation method of contact interaction
between blade shrouds on the natural frequency spectrum of turbine blade rows have been established, which are characterized by
different twists of airfoils and different ratio of its length L to the chord b of the end section. It has been found that the type of
simulation of contact interaction between shrouds and the aspect ratio of blades slightly affect the values of natural frequencies of
the considered blade rows, and their maximum difference under the operating conditions chosen does not exceed 5.6%.

Keywords: blade assembly, shroud, finite element, natural frequency of vibration

BBenenue B OTOM Cllydae XapakTepa KOHTAKTHOTO B3aWMOJEHCTBUS
MOJIOK CYIIECTBEHHO 3aBHCHUT CIEKTP COOCTBEHHBIX

B coBpeMeHHOM TypOOCTPOCHHH MOJOYHOE  KOJICOAHUI HCCIICAYEMOTO JIOMATOYHOTO BEHIIA.
OaHTaXMpOBaHWE PabOYMX JOMATOK TYpPOWH MOIYYHIIO B HACTOsIIIEee BpeMs npu W3yYCHUH
MIUPOKOE TPHUMEHEHHWE Kak CIMoco0  TOBBINICHHS  BHUOPAIMOHHBIX XapaKTEPHUCTHK JIOTIATOYHBIX BEHIIOB B
HaJEKHOCTH M pabOTOCTIOCOOHOCTH WX BEHIIOB 3a CUET  CHIy JOPOTOCTOSIIIMX HATYpHBIX UX WCTBITAaHUH, Oonee
YMEHBIIICHNST  YYBCTBUTEIHHOCTH K  BO3OYKIEHUIO  IIMPOKOE TMPUMEHEHHE TTOTYIHII BBIYMCIIMTENbHBIN
KojeOaHui TyTeM OOBEAMHEHHUsS JIOMATOK B 3aMKHYTYHO  JKCIIEpUMEHT, KOTOPBIi OCHOBBIBAETCS Ha
Ha KPYT CUCTEMY WJIH MaKEThI. HCITOJB30BAaHMM METOJa KOHEUHBIX DJJEMEHTOB. B
[pu pemennn 3agauu o0 KojeOaHHAX BeHIOB ¢  paborax [1-10] MCHONB30BANKCh MOJETH JIOMATOYHBIX
MMOJIOYHOM OaHIaXHOH CBS3bIO0 JIONATOK HEOOXOAMMO  BEHIIOB, OCHOBaHHBIE Ha TPEXMEPHBIX KOHEYHBIX
YUIHTHIBATH BO3MOYKHOCTH HECTAOMILHOCTH WX  OJEeMEHTax, KOTOphle MOTyT Hambojiee TOYHO OIHCATh
TUHAMUYECKHAX CBOMCTB. OT KOHKPETHO PEaln3yIOMIEroCcsl  CIIOKHYI0 UX Teomerprto. OIHAKO TpPHU 3TOM OCTaeTcs
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OTKPBITBIM BONPOC: KaK MPaBHIBHO 3a7aTh KOHTAKTHOE
B3aMMOJICHCTBHE B OaHNAXHOHW CBS3M JIONATOK TIPH
pacueTax COOCTBEHHBIX YacTOT KONeOaHWH, Belpb
MPUCYTCTBHE KOHTAKTHBIX JJIEMEHTOB NPHUBOIUT K
HETMHEWHOCTH 3aJadu? KaK JIMHEeaph30BaTh CHUCTEMY?
AHanu3 NpeJCTaBICHHBIX B YKa3aHHBIX paboTax Mojeneit

IIOKa3bIBacCT, qTo CYHIECTBYCT Tpru BapuaHTa
MOJCINPOBAHUA KOHTaKTHOT'O B3aPIMOHCI>iCTBPI5[
6aH,I[a)KHLIX II0JIOK: 1 - HaKJ1IaJbIBaHUEC YCJIOBI/Iﬁ

COBMECTHOCTH MEPEMEIIECHUI Ha y3JIbI, B KOTOPBIX HMEET
MECTO HeHyJeBOoe KOHTAaKTHOe paBieHue [2, 3, 5, 9];
2 - HaKJIaJbIBAHUC 3TUX KE YCHOBI/Iﬁ Ha BCIO KOHTAKTHYIO
MOBEPXHOCTh, MPEATNOJIaras, 4To BCE Y3Jbl BXOISIT BO
B3ammojeiicteue [3]; 3 - co3maHMe MeXay y3laMu
ynpyrux 3neMmesTos [1, 4, 10].

Leas padoTsI

PacuerHoe wWcclieoBaHHME —BIMSHUSA — CcHocoOa
KOHEYHORJIEMEHTHOTO  MOJIETUPOBAHUS KOHTaKTHOTO
B3aUMOJICHCTBUS 0aHIaXHBIX TIOJOK Ha CIEKTp

COOCTBEHHBIX YaCTOT KOJIeOAHUI JIOMATOYHBIX BCHIIOB.

H3n0:xeHne 0CHOBHOTO MaTepuaa

B xadectBe OOBEKTOB WCCIENOBAHAN OBLIHA
BBIOpaHbl JIONATOYHBIE BEHIBI 4-ii CTymeHW LMIMHIpPA
HHU3KOTO JaBJeHWs NapoBoW TypOuHbl (Benen 1) u
TypOuHbsl cpemHero namienus (TCH) AI'TH O-18T
(BeHel 2), JIOIATKM KOTOPBIX CHaOeHbl Z-00pa3HbIMU
OaHi@KHBIMM ~ TOJIKAMH.  Takod  BBIOOp  BEHIIOB
00BsCHIETCS CIEOYIOIIUMH O0CTOSTENbCTBaMH.  Bo-
MEPBBIX, MX JIOMATKH XapaKTEPH3YIOTCSA CYIIECTBEHHON
pasHuIlell OTHOUIeHWsI JUIMHBI L mepa Kk Xopue b
KOHIIEBOTO cedeHHs. Bo-BTOpeIX, B [3] mpencTaBieHBI
HEKOTOpBIE IAaHHBIC PACUYETHBIX M AIKCIEPHUMEHTAIBHBIX
HCCIIeA0BaHUN HarpsHKeHHO-1e(OpMUPOBaHHOTO
COCTOSIHUS (HAC) paccMmarpuBaeMbBIX BEHIIOB, 4TO
MIO3BOJISIET NIPOBECTH CPaBHEHHE IIOJYyIaeMbIX B JJaHHOH
paboTe pe3ysbTaTOB UCCIEAOBAHUII ¢ MPUBEICHHBIMH B
YKa3aHHBIX paboTax.

Paccmotpum HEKOTOpBIE KOHCTPYKTHBHBIE
0COOEHHOCTH BBIOPaHHBIX BEHLIOB, (DPArMEHTHI KOTOPBIX
IIpUBEJICHBI Ha puc. 1.

Benen 1 cocroutr u3 90 nmonaTtok, mepo KOTOPBIX
IUTHHOW 628 MM XapakTepu3yeTcsi OOJNBIION 3aKpyTKOM.
Benen 2 Bxitogaer 136 nonarok ¢ anuHoM nepa 117 mm
HE3HAYUTENbHOH 3akpyTku. OTHOMmEeHne L/b s omaTok
BBEIOpAHHBIX BEHIIOB PaBHO 6.3 ¥ 3.7 COOTBETCTBEHHO.

IIpu MonenupoBaHUK BBHIOPAHHBIX JIOMATOYHBIX
BEHIIOB IIPEAIOJarajach X KOHCTPYKTHBHAsI IOBOPOTHAS
cumMmerpuad. B aToM chmywae ompemeneHHe  uX
xapaktepuctuk HJIC, B TOM ducie U cCIEKTpa
COOCTBEHHBIX KOJICOaHMI, OCYIIECTBISIETCS Ha OCHOBE
paccMOTpPEeHUsI OTAEIBHOTO TIEpHOJa B BHUJIE OXHON MM
HECKOJIbKHX JIONIATOK C COOTBETCTBYIOIUMH TPAaHHYHBIMU
yclIoBUAMHU. B maHHOM ciiydae paccMaTpUBAJICS MEPUOJ,
COCTOSIIHIN U3 OJHOM JomaTku (puc.2).

a o
Puc.l — @paemenmor nonamounsix éenyos 1 (a) u
2 (6) ¢ KOHeuHO-3IeMEHMHOU CEMKOU

Cl1
2
1 C
. K i
C2

a 7]

Puc. 2 — Cxemul pazpesa 6anoasxicnou
NOAKU (a) U MOOENUPOBAHUS CONPANCEHUSA
KOHMAKMHBIX NOBEPXHOCmel cOCeOHUX noaox (0)

B npeanonoxeHun xKecTKOM 3aleNKH JIONATOK B
IMICKe ONpEACIIOIIAM MOMEHTOM B  OIpPEIeIICHUH
TPaHUYHBIX  YCIIOBHH  SIBISIETCA  MOJEIHPOBAHUE
O0aHZAXKHON CBS3W JIOMATOK, a HMCHHO: COMPSDKCHUS
KOHTAaKTHBIX TOBepxHOcTeW K cocemHMX OaHIaKHBIX
moJiok. JIims MomenupoBaHus GaHIAKHOW CBS3M JIOTIATOK
WCIIONb30BaJlaCh ~ METOJIMKA,  omucaHHas B [3].
[IponemoncTpupyeM 53T0 Ha mpumepe Z-oOpa3Hol
OannaxxHoi monku. OHa pa3pe3aercs Kak NOKa3aHO Ha
puc. 2,a TakuMm 00pa3oM, 94TOOBI y3Iibl ee yacTeit 1 u 2 Ha
noBepxHocTu paspe3a C coBmajgand. 3aTeM dYacTb 2
repeMeIanach B OWIMHAPHYECKOW CHCTEMEe KOOpAWHAT
Ha yrol, paBHBEIA 277N, Tae N — YWCIIO JIOIATOK BEHIIA,
YTO Ha pHC. 2,0 TOKa3aHO CcTpenkoil. Takum obpaszom
o0ecrieunBascs HATAT MO KOHTAKTHBIM HMOBEPXHOCTSIM K
0aHZaXHBIX TIOJIOK, a HA MMOBEpXHOCTAX paspe3a Cl u C2
3aJaBAINCh YCJIOBUS compsbkeHus (puc. 2, 6). OOmwmid
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Bug KD  wmopeneld  mepuonoB  paccMaTpuUBaEMbIX
JIOTIATOYHBIX BEHIIOB NMPUBEACH Ha pHC. 3.

Kax mnoxazanu wuccrnenoBaHusi, MNPOBEICHHBIE B
pabore [11] wucmonb3oBaHWe 8-y3IOBBIX KOHEYHBIX
JJIEMEHTOB  o0ecreunBaeT HEO0OXOJUMYI  TOYHOCTh
pacueroB mpu crymenun KO-cetku. BBuay cnoxxnoctu
reOMETpHH OaHJAKHOW TMONKH, I co3fmaHus ee KO
Mozenmn B TporpaMMHOM Komimiekce ANSYS Opum
HCIOJIF30BAHBI TeTpadJpUYECKUe MOTU(DHUKAIIAN
SOLIDA45. Kak BumHO U3 puc. 3, KO cetka GaHmaxHON
MIOJIKA B IEJIOM SBIJIAETCS PAaBHOMEPHOM, OJHAKO B 30HE
KOHTaKTa OHA U3MeIbYanach.

IlepBpiM 3Tamom pacyera SIBIASICTCS ONpEAeTICHHE
KOHTAKTHOTO JIaBJIeHUs B OaHJIA)KHOM COCIMHEHHUH ITyTEM
peleHus CTaTUYECKON KOHTaKTHOM 3a71aun c
HCITOJIB30BaHUEM KOHEYHOI'0  DJIEMEHTa  THIIA
«IOBEPXHOCTb-IIOBEPXHOCTbY»,  KOTOPBII MO3BOJISIET
IOy YUTh XapaKTEPUCTUKH HJAC epuoa,
BO3HHUKAIOIIETO npu B3aMMOJCHCTBUU JIBYX
nmoBepxHocte. B  pesynprare pemieHus yKa3zaHHOM
3a/la4il KpoMe JaBJICHUH, BO3HUKAIONIUX Ha KOHTAKTHBIX
MIOBEPXHOCTSIX, MOJKHO OTPENENIUTh TaKue
XapaKTepUCTUKH TPHU  COOTBETCTBYIOIIMX  YCIOBHSX
COMNPSDKEHHUS] TOJIOK: 3a30p — HyJIEeBbIe KOHTAKTHBIE
NaBJICHUS, HATAT — TPOHUKHOBEHHE IIOBEPXHOCTEH W
3HAYEHMS] KOHTAKTHBIX JIABIICHUM; CKOJIbKEHUE U TPEHHUE
— TIOJISI TPEHUS U CKOJIBKEHUSI.

a)

Puc.3 — Buo KD moodenu nepuodog 10namouHvix

eéenyos 1 (a) u 2 (6)

B pesynbrare pemieHus cTaTUMECKOH KOHTaKTHOM
3aJa4d  OMpENENEHBl  pACHpeieNeHus  KOHTAKTHBIX
JaBICHUH B OaHIaKHOM COEIMHEHHH TIPH Pa3IMYHbIX
YCIOBUSIX OKCIUIyaTallid JBUTATeNs, MPUMEP KOTOPBIX

JUIsl  BBIOpDAQHHBIX JIOIATOYHBIX BEHIIOB MIPUBEJICH
Ha puc. 4.
us MpeacTaBIeHHBIX Ha puc. 4  (a)

pacripesienieHiii  KOHTaKTHBIX JaBJICHUA B OaHAaXHOU
TIOJIKE CIIEYeT, YTO IPH OTCYTCTBHU LEHTPOOESIKHBIX CHII
Ui BeHHa | HeHyleBble KOHTaKTHBIC JIABJICHHS
COCPEIOTOYEHbI B OYEHb Y3KOW 30HE BEpXHEH KPOMKH
MOJKH, W WX 3HAa4YeHWs HeBbIcokue. Ilpu yuere
LEHTPOOSKHBIX CWJI IUIOMIAAb KOHTAKTUPOBAaHHMSA U
3HAUEHMsl JABJICHUH JUIi 3TOTO BEHIA CYLIECTBEHHO
yBenuuuBaetcs (cM. puc.4 (6)).

us MpeaCTaBICHHBIX Ha puc. 4 (a)
pacnpenielieHnii KOHTaKTHBIX JaBICHHH B OaHAaXHOU
TMOJIKE CIIEIYeT, YTO MPH OTCYTCTBHU LIEHTPOOSKHBIX CHII

JJIA  BCHIA 1 HCHYJICBBIC KOHTAKTHBIC  JIaBJICHUSA
COCpPEZOTOUYEHBl B OUYEHb Y3KOH 30HE BEPXHEH KPOMKH
IIOJIJKM, MW HX 3HAUYCHHUA HCBBICOKHC. HpI/I yuere

LHEHTPOOCIKHBIX CHJI IUIONIA[b KOHTAKTUPOBAHUSA W
3HAUEHHsl JABJCHUH JUIi 3TOTO BEHI[A CYIIECTBEHHO
yBenmmuuBaeTcs (cM.puc.4 (0)).

Roneom °

2)

Puc.4 — Pacnpedenenue konmaxmuozo 0agieHust s
eenyog 1 (a,6) u 2 (8,2) npu ckopocmu epaujerus
pabouezo koneca w, pasuoii 0 (a,8); 50 06/c (seney 1) (6)
u 612 06/c (seney 2) (2)

Jlnst BeHIa 2 Tpy ydeTe AeUCTBUS HEHTPOOSIKHBIX
CHJI TIPOUCXOJMT TepepaclpeesieHue MaKCHUMAaJIbHbBIX
3HaYEHUI KOHTAKTHOTO JaBJICHUS C HHKHEH YacTH MOJIKU
K BepxHei ee KpoMmke. IIpum 3ToM miomanp KOHTaKTa
0CTaeTCsl MPUMEPHO TaKOM K€, KaK B CIy4ae OTCYTCTBHS
LIEHTPOOCIKHON CHIIBI, @ 3HAYCHHUS KOHTAKTHOTO JaBIICHHS
BO3pacCTaloT.

BropbsiM 3Tanom uccienoBaHus ABISETCS 3a7aHUE
YCIOBHH KOHTAaKTHOTO B3aMMOJCHCTBHS OaHIaXKHBIX
mojok. B nmaHHOW paboTe, ydmThIBas €€ IOCTaHOBKY,
ObUTH PACCMOTPCHBI YKa3aHHBIC BBINIC TPU BapUaHTa
MOJETUPOBAHUS KOHTAKTHOI'O B3aWMOJEUCTBUS MOJIOK.
s ux peavzanuy OCyIIECTBISIIOCH CIEAYIOLIEE:
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Bapuant 1. HaknagsiBanue YCIIOBUH
COBMECTHOCTH  MEPEMEIIEHHH C  HCIHOJIb30BAHUEM
nponenypsl COUPLING (xkomanna CP) B mporpammHOM
koMmiuiekce ANSYS 1o BceM HampaBleHHSIM B y3iax
MOBEPXHOCTEH  OaHJaXHBIX  IOJIOK, B  KOTOPBIX
HaOMofaeTcss  HEHYJIEeBOE€  3HA4YCHHWE  KOHTAKTHOI'O
naBieHUs (CM. puc. 4).

Bapuant 2. Co3gaHue ynpyrux 3JIEMEHTOB THIA
COMBIN14 B mporpamMHoM koMiekce ANSYS mexy
y3aMM, B  KOTOPBIX  HaOIIONAIOTCS  HEHYJIECBBHIE
KOHTAKTHBIC JIaBIICHHUS. 3HaueHuss KodpduIeHTa
KECTKOCTH KaXIOr0 TaKOTO 3JIEMEHTa COOTBETCTBYET
3HAQYEHUSIM KOHTAKTHOTO JaBJIEHHS B COOTBETCTBYIOIUX

y3max. Ilpum 9TOoM mpenmonaraeTcss BO3MOXHOCTh
pacTsDKeHUS M CXKaTUs IO BCEM OCSIM  JEKapTOBOW
CHCTEMBI KOOP/UHAT.

Bapmarr 3.  KomMOWHHpOBaHHBIH  CIIOCOO

npumerernss COMBIN14 u COUPLING, xotopsrii
MpPEAINoJaraeT CO3JaHue YIPYTHUX JIEMEHTOB MEXIy
y3nmamMu 1o JAByM ctemeHsMm cBoboapl (UX m UY).

Bennuuupl  kO3(QUIMEHTa  KECTKOCTH  KaXJOro
JJIEMEHTa COBNAJAIOT CO 3HAYCHUAMH  KOHTAKTHOTO
JABJICHUS B COOTBETCTBYIOIIMX  y3/max.  Takxke

MPOU3BOJUIIOCH HAKIaJbIBAHHE YCIOBHH COBMECTHOCTH
MepeMEeIeHHH B paJiaibHOM HalpaBlICHHH (BIOJIb Iepa
nonatkd, UZ) Ha y37bl, B KOTOPBIX HaOuomaeTcs
HEHYJIeBOE 3HAU€HHE KOHTAKTHOTO IABJICHHUS.

O0cyxneHue pe3yJjbTaToB

C ucnonp3oBanueM pazpaboraHHeix KO mopneneit
MEPHOIOB  BBHIOPAHHBIX JIOMATOYHBIX BEHIOB  OBLIH
IIPOBEACHBI BBIYUCJIIUTCIIbHBIC OKCIICPUMEHTBI 10
YCTaHOBJICHUTIO BIIMAHUA BapuaHTa MOACIMPOBaHUA
KOHTAKTHOTO B3aMMOJICHCTBUS OaHIAXKHBIX IOJIOK Ha
CHEKTP COOCTBEHHBIX YaCTOT KOJIEOAHHIA.

[MonyueHHble 3HA4YeHUS] COOCTBEHHBIX YACTOT
KoneGaHuil p,, paccMaTpUBacMbIX BEHIIOB, Te M, N —
YHCJIO  Y3JIOBBIX  JHAMETPOB U OKPYXKHOCTEH
COOTBCTCTBCHHO, IJIA 1’1:0 IIp HEKOTOPBIX YacCTOTax
BpalleHus paboyero Koyeca MpUBEACHBI B Tabnuuax 1 u

2. 31mech ke yKa3aHbl 3HAYCHUS TTapaMeTpa
(1) (2)
g, =Lm"Lu 1009 (1)
m0

XapaKTepPU3yIOIIero  pa3jindue COOCTBEHHBIX YacTOT
KoJIeOaHuI, oTpeeIeHHBIX c HCII0JIb30BaHUEM
BapuaHToB | u 2.

AHanu3 TONYyYEHHBIX JAHHBIX BBIYHCIHTEIBHBIX
HKCIEPUMEHTOB TIO3BOJISIET CIIENIATh CIICAYIOIIIE BEIBOIBIL:

Bo-niepBbIX, COOCTBEHHBIE YacCTOTHI KaXIOH U3
paccMaTpuBaeMbIX  QopM  KoJeOaHWH  HCCIEeTyeMBIX
JIOTIATOYHBIX BEHIIOB HECYIIECTBEHHO 3aBUCST OT CIOc00a
MOI[eHI/IpOBaHI/IS{ KOHTAKTHOT' O B3aHMO}IeI710TBHH
OaHJaXHBIX TMOJIOK. [IpM 3TOM, 3a HCKIHOUCHHEM
OTHEIbHBIX thopm KoJieOaHuii, HaTmpuMep
cooTBeTcTBYfommx m=0, Hambojee BBHICOKHE 3HAYCHHS
COOCTBEHHBIX YaCTOT UMEIOT MECTO MPU HCIONB30BAHUH
BapHaHTa |, a Hanbolee HU3KHE — BapuaHTa 2.

Bo  BTOpRIX, HE  YCTAaHOBJICHO  BIIUSHHE
COOTHOIIIEHHSI TEOMETPUYESCKUX pa3MepoB JIOMATOK Ha
pa3nu4re COOCTBEHHBIX YacTOT KoJieOaHUi BeHIOB. Tak,
HalmpuMep eciu JIsS BeHIa | TpH  OTCYTCTBUH
IIEHTPOOEIKHBIX CHJI MAKCUMAJIbHOE 3HAUCHHUE TapameTpa
&n paBHO 2,5%, To s Benua 2 — 1,8%.

Tabmuma 1 — 3HadyeHMs COOCTBEHHBIX YaCTOT
KoyebaHuit p,, B 'l MccaeyeMbIx JIOMATOYHBIX BEHIIOB,
OTIpEJICIICHHBIC C UCTIOJIF30BAHUEM Pa3IMIHBIX BAPUAHTOB
MOJECITUPOBAHUSA KOHTAKTHOTO B3aUMOCHCTBUS, TpH =0

Benen 1 Benern 2

m Bapuant Bapuant e

8",,‘%) 0m’

1 2 3 1 2 | 3 | %
0 | 8995| 89,7 90 0,05 | 543 539 | 539 (0,76
1 1120,3| 117 | 118,6 | 1,45 611 607 607 (0,74
2 1149,4|147,6 | 1483 | 0,75 745 739 | 740 |0,82
3 1157,8 1568|1573 | 0,27 | 843 837 | 837 10,72
4 |161,7|161,2 | 161,5| 0,14 | 892 885 885 10,85
511649 |164,5|164,7| 0,09 | 918 911 911 0,82
6 |168,2]167,8| 168 | 0,08 | 935 927 | 928 | 0,9
7 | 171,8 | 171,3 | 171,6 | 0,11 948 941 941 10,83
8 [175,8]175,21175,5| 0,14 | 961 953 953 10,86
9 [180,21179,5]179,9| 0,18 | 973 965 966 [0,92
10| 1852 | 184,1 | 184,7 | 0,25 | 987 979 | 979 |0,86
15(214,7|212,8|216,2| 1,6 1080 | 1070 | 1070 | 0,9
20 | 248,1 | 244,5 | 250,7 | 2,5 1232 | 1217 | 1218 | 1,2
251267,91264,31269,6 | 1,95 | 1444 | 1421 | 1423 | 1,6
30 | 2694 | 266,1 | 270 1,45 | 1687 | 1658 | 1660 | 1,75
35| 264 [260,6 2643 | 14 1888 | 1862 | 1864 | 1,37
45 | 258,7 | 254,91 258,8 | 1,5 1990 | 1977 | 1979 | 1,4
Tabmuma 2 — 3HaueHHs COOCTBEHHBIX YacTOT

KosebaHuit p,,, B 'l HccaeqyeMbIx JIOMATOYHBIX BECHIIOB,
ONpENETIECHHBIE C UCIOJIb30BAHUEM PA3IMYHbBIX BAPUAHTOB

MOJICIUPOBAaHUA KOHTaKTHOTO B3aMMOJCHCTBHSA, TMIpH
®=50 06/c (Berer 1) u 612 06/c (Bener 2)
Benen 1 Benen 2

m Bapuanrt Bapuanr

€m %0 €m0

1 2 3 1 2 3

01135,67|130,95|130,69| 3,5 596 | 595 | 595 | 0,17
11167,95]|162,69|165,17| 3,1 658 | 650 | 651 1,2
21189,91|186,96| 187,43 | 1,5 783 | 767 | 767 | 2,0
3 (195,53]1192,92 (192,64 | 1,3 877 | 863 | 864 | 1,6
41199,231196,16|195,71| 1,5 925 | 916 | 917 | 0,97
5 1203,07(199,19 198,76 | 1,9 951 | 945 | 945 | 0,6
6 1207,521202,62| 202,3 | 2,3 968 | 963 | 963 | 0,5
7 1212,77| 206,68 | 206,55 | 2,8 981 | 977 | 978 | 0,4
8 (218,88 211,5 [211,65]| 3,3 993 1990 | 990 | 0,3
912259 |217,16| 217,6 | 3,9 | 1006 | 1003|1003 | 0,3
10| 233,8 | 223,7 [ 224,65| 4,3 1019 [ 1016|1016 | 0,3
15]281,88(267,22|271,03| 5,5 1112 |1101] 1101 0,99
20(318,11|306,49|310,88| 3,6 | 1301 | 1268|1269 | 2,5
25|326,18|318,15|321,24| 2,4 | 1472 | 1421|1423 | 3,5
301325,09(316,851319,29 | 2,5 | 1714 | 1643|1690 | 4,1
351320,93 (312,63 314,74 | 2,6 | 1919 | 1851|1888 | 3,5
451315,53|307,67|309,56| 2,5 | 2039 |2013|2020| 1,3
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HOBI PIIIIEHHA B CYUACHUX TEXHOJIOT'TAX

B Tperpux, y4er HeHTPOOCKHBIX CHII IPUBOIUT K
BO3PACTaHUIO PA3IMYUS COOCTBEHHBIX 9acTOT KoJjeOaHUi
paccMaTpuUBaeMBIX BEHIIOB. Tak, B JTOM clly4ae
MakCHUMaJbHOE 3HAYCHHWE Mapamerpa &, M BeHma 1
paBHa 5,5%, a Benna 2 — 4,1%. Takoe sBJICHHE MOXHO
OOBSICHUTD TeMm, 4TO LEHTPOOEIKHbIE CHJIBI
00yCIaBIUBAIOT YBEJIMYCHUE IUIOMIAJN KOHTAKTa, a JUIs
BapumaHTa | ¥ KOJHYecTBa Yy3JI0OB, Ha KOTOpHIC
HAKJIAJBIBAIOTCS CBSI3U, YTO MPUBOIUT K YKECTOUYCHHIO
MOJIEITN JIOTIATOYHOTO BEHIIA.

Paccmotpum  Temepb  9acTOTHBIE — (QYHKITUH
Pmn=f(m), KOTOpBIE OBLIN MOCTPOEHBI M IPHUBEICHBI Ha
puc. 5-6. BugHo, uTO WX BHJ AN  BEHIOB,
XapakTepU3YIONINXCS pa3nuyHOd BenuunHOH L/b, He
3aBUCHUT OT BapUAHTAa MOJCIMPOBAHMS KOHTAKTHOI'O
B3aUMOJICHCTBUS  OaHTAKHBIX IOJIOK, YTO XOPOIIO
corjacyeTcsi ¢ U3BECTHBIMU JaHHBIMU [3,5,11].

P, 11

300

250+

Puc. 5 — Yacmomnas ¢pynkyus éenya 1 npu 1 (A,A), 2
(O,m)u 3(0,8) apuarnmax mMoOenupo8aHuUst KOHMAKMHO2O0
83aumooeticmaus 0isi CKOpoCmu 8paujeust paboyezo
Koneca w, pastoui 0 (0,0,A); 50 06/c (m,e, A)

P, Ty

1800
1600
1400 +
1200 ~
1000

8004 &

T " T v T v T v T v T

0 10 20 30 40 50 60

Puc. 6 — Yacmommnas ¢pynxyus eéenya 2 npu 1 (AA), 2
(O,m)u 3(0,®) sapuanmax MoOeaUpoOBaHUss KOHMAKMHO2O
83aUMOOetCmBUs 0I5l CKOPOCMU 8PAUeHUss pabo4ezo
Koneca w, pasroti 0 (0,0,A); 612 06/c (m, e, A)

BrIBOABI

Ha ocHOBaHWHW BBHITIOJIHEHHBIX BBIYHACIUATEIBHBIX
9KCIEPUMEHTOB YCTaHOBJICHBI 3aKOHOMEPHOCTH BIUSHHSA
crioco0a MOJEIHPOBAaHMUS KOHTAKTHOTO B3aMMOJEHCTBUSA
0aHIXHBIX MOJIOK JIONATOK HAa CIEKTP COOCTBEHHBIX
4acToT KoJeOaHUH BEHIIOB TYPOWH, XapaKTEePH3YIOIIHXCS
Pa3NMUYHBIMA 3aKPYTKOW Tepa JIOMAaTOK M OTHOIICHHEM
€ro JUIMHBI L K Xop/e b KOHIIEBOTO CCUCHHSI.

YcTaHOBIIGHO, YTO BapuWaHT MOMACITHPOBAHUSL
KOHTAKTHOTO B3aMMOJEHCTBHA OaHOaXHBIX IIOJIOK HE
BIIHSCT Ha 3HAYCHUSA COOCTBEHHBIX 4acToT
paccMaTpUBacMBIX BEHIIOB, 2 MAKCHMaJbHAs X pa3HUIA

mpu  BBIOpAaHHBIX  YCJOBHUSIX  OKCIUIyaTalud  He
mpeBbImaeT 5,6%.

Hcxonst W3 pe3ylbTaTOB — aHAIM3a  JAHHBIX
BBIYHCIIMTEIBHBIX  OKCIIEPUMEHTOB  MOXKHO  CHENaTh
3aKIIOYCHHE,  YTO  JUI1  ONIpPEIeNeHHs  CIEeKTpa

COOCTBEHHBIX 4AacTOT KojeOaHuH OaHIaKUPOBAHHBIX
JIOTIATOYHBIX BEHIIOB OoJiee MPUEMIIEMBIM M (H3MUECKU

00OCHOBAaHHBIM  fBJSIETCS  CHOCOO0  MOJETHUPOBAHUSA
KOHTAKTHOTO B3aUMOJIEHUCTBHS MOJOK, OCHOBaHHBIM Ha
koMOuHUpoBaHHOM Hcnonb3oBaHmn COMBIN14  u
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