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Jlerko 3aMeTHTh NPUHOUNNAIBHYI0 BO3MOKHOCTH PACIPOCTPaHEHNUS M3JI0KEHHHX pac-
geTHHX CXeM Ha Bce 000JIOYKM, /I KOTOPHX MaTpunil I'puHA MOTYT GHTH mpeBapUTEILHO
paccauras corjacuo [1)2].

Mocrymuna 1 VI 1971
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IPOEKTHPOBAHIE AHN30TPOIIHBIX KOJIBIIEBBIX IIJIACTUH
C IPUMEHEHHEM 4YHCJEHHBIX METOJOB

I'. H., Bpvslatasun
(Boazozpad)

PaccmaTpmBaroTcsi ABe 3aauM ONTUMAIBHOTO NPOEKTHPOBAHMA KOHIEHTPUIECKAX
KOJIBIEBHX IIJIACTHH M3 AHN30TPONHOTO KOMIIO3WTHOTO MaTepmajia, HATPY;KEHHEIX DPaBHO-
MeDHHIM aBJIE€HNEM p IO BHYTPeHHeMY Ju60 BHemHeMy KOHTYpPYy. C moMompio mpomemnyphl
MOCTPOEHNs PANMOHATHHEX MPOEKTOB [1; 2] 3anmcanH pemeHus, He ABIAIOMUEcs ONTHMATb-
HEIMH, KOTODHE 3aTeM YJIYYMAKTCA YHCIEHHO.

Marepran cauTaeTcs COCTOSIIUM W3 CBA3YIOIIET0, aPMUPOBAHHOTO TOHKHMM BHICOKO-
NPOYHEIMM BOJIOKHAMN; IIPH COCTABIEHWN OCHOBHHX yPaBHEHHH OH PACCMATPUBAETCSA KaK
CIJIOMHAS aHM30TPONHAA cpena. BoJOKHA OpHMEHTHPOBAHH B PafuaJbHOM (1) M OKPYIKHOM
(2) nampaBienusx. OGbeMHEe MHTEHCHBHOCTH apMUPOBAHMA 0003HAUEHH s;, s — DTO He-
OTpUIaTeJIbHEE BEJIWYMHEL, CyMMa KOTODPHX He JIOJKHA IPEBHINATh HEKOTOPOTO 3HAYEHUS
s*, ompefienAeMOT0 U3 TEXHOIOTHIECKHX COO0paKeHMit.

IIpuHUMaeTcs1, 9TO PAfUAIbHOe 07 M OKPY;KHOE Oy HANPSIKEHUs CBSA3AHH C COOTBET-

CTBYIOIMUME JeQOPMANUAME €1, £ M NHTEHCUBHOCTAMHI apPMUPOBAHUS JIWHEAHOR B3aBHCIMO-
CTBIO

o3 = Es;g; (i=1,9 (1)
roe E — mocTosHHas MaTepnaJIa.

JledopManuu CcYMTAIOTCA OTPAHMYIEHHEIMH HEKOTODOR NpefeNbHON BenwdmHO# &*.

IIpu paguycax miacTueH a, b (a < b) U mOCTOsAHHOM Tonmukue H 06beM apMaTypH 3a-
NICHIBAETCS B BH[E

b
V=2nH 81 (s1+ s2) rdr (2)

a

YT06H pemenus: GBUIM NPUTORHHE Ui MATePHAIOB C JTIOGEMN 3HAYEHNAMH ITOCTOSHHHIX
E, s*, ¢*, BBOfIATCA GespasMepHBEle BEINYMHHL
e;=¢;/e% [;=s;/28* n1;=0;/2Es"e"
qg= p/2Es*e*s W =V | nHa%s* 3)
3a KOTOPHIMHM COXPAHAITCS Te jKe Ha3BaHWsd, 9TO M JJIA COOTBETCTBYIOIINX Pa3MePHHX.
TlepeMenHHe e;, T;, §; ABIANTCA QyHKOUAMU GespasmepHOTo pagmyca p = r/a.
CornacHo 3aKOHY (1) MHTEHCHBHOCTY apPMUPOBAHNS MOKHO BHDA3HTh Uepe3 HaIpsKe-

Hus u gedopmanuu {; = Ti/e:;. OCHOBHBI® BeJIMUMHH Tj, Ty, €1, €2 YAOBIETBOPAIT YCIOBUAM
PaBHOBECHSI W COBMECTHOCTH

T = pdu/dp + T, ex — pdeg/dp 4+ g 4)
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¥ OTPAHUYEHUSM B BUJie HEPaBeHCTB, OmpefessaeMbiM TPeOOBaHMAMH IIOJOKNTEILHOCTH HH-
TeHCUBHOCTEHl ApPMUPOBAHMSA ¥ OIPAHWICHHOCTH AedopManuil B CyMMapHONH MHTEHCHBHOCTH
apMUpOBaHUA

Ti/e; >0, e<.1l, Ti/ea-t+Te/ea<<2 (5)

Badaua 1. Ha Buyrpennem koutype (p = 1) pelicTByeT paBHOMEpHOe JaBJIeHHe ¢,
BHEIIHUHA KOHTYD (0 = 2) cBo6GogeH. IIpoeKTUpPyeTCcss KOMBIEBAas IIACTHHA, MMeIOasa Haml-
MeHbIINiT 06beM apMaTyphl U BEIIEP/KUBAIOMASA 3aJaHHYI0 HATPYSKY.

Kaxr morkasano B [%], ucmonbs3yst pemeHne 3aJauu TEOPUU YIPYTOCTH JJisi U30TPOIHOTO
KOJIbI@A, MOKHO IOCTPOUTH PANMUOHANBHEI IIPOEKT AHMW30TPOMHOTO Tejad, OIpefeipseMBIi
caeqyomumMy QYHKIMAMA, NPUHIMAeMBIMU 3[{eCh 33 HAYaJIbHOE NPHUOIMKEeHUe

W == —08/02 402 =1 (6)
T° = e = 0.8/ Pz + 0.2§ €2° =1

IIpomenypa moxydeHns 3TuX QYHKIWHA HECYmeCTBeHHA [JIs HACTOAMETO M3JIO0KEeHWs,
IOCKOJBKY JIETKO YOemUTBCS HemocpefcTBeHHO, 4To (6) [eiiCTBUTeTBHO YHAOBIETBOPSET
cooTHOmeHUsM (4), (5). I'pannunble 3Hauennsa GYHKIUH T1° TAKIKE COTIACYIOTCH € 3aXAHHEM
croco6oM HATPYKEHMs KOJblla: Ha BHemIHeM KOHTYpe JaBlieHne OTCyTCTByeT n 11°(2) = 0, Ha
BHYTPeHHEM KOHType 3ajaHO faBjenme g u T1 (1) = —0.6. Urak, gna pasnenus ¢ = 0.6
¢yHKuMN (6) OnpenensaOT PanMOHANIBHE MPOEKT, KOTOPHH GyReT YIydmaThesa INCIeHHBIM

METOfIOM, YTOGH PN HeM3MEeHHOM 3HAUeHWM ¢ HailTu HO-
——— =T~ BHe QYHKIUA T1, Ty, €1, €z M BEIPAKAIONMECS Yepe3 HUX
{s, maromue MeHbIee 3HaUeHNEe QYHKIMOHAMA (4).

Ias naganpbHOTO MpHOAMKeHys (6) OTHOCUTEIBHEIR
obreM apmaType W° = 3.

Pemenne 3agaun mpons3BOAMIOCH METOOM JIOKAIb-
0.5 meix Bapmanmii [3]. Orpesox [1,2] mepemennoit pasbm-

: Basicst Ha 100 paBHHEIX dacTeil, HempepbIBHEE (GHYHKOUM
3aMeHeHBl [NUCKpPEeTHHMH, a AuddepeHnUanbHEE COOT-
HOIIEHUsI — KOHEYHO-PA3HOCTHHEIMH. B mepBomM mnuxae
BapbUPOBAHMA (QYHKOWEU MOJYYadM TpuUpamenme kb =
0 = 0.01, B mocmemmem % = 0.0004. IIpegmociemnnit

NUKJ BapbupoBamua ¢ marom k= 0.00167 pan snage-

! 1.5 4 Hue W, Bcero ma 0.5% mpeBHmamee OKOHYATENBHOE,
Our. 1 paBHoe W — 2.427. DKoHOMMA B o0beMe apMaTypH IO

CPaBHEHMIO C MCXONHHIM IIPOEKTOM cocraBiaser 19%.

IIporpamma GBlia cocTaBiena Ha askike AJITOM, cuer npomsBenen Ha mamuue «MuHCK-22.

Ha ¢ur. 1 npencraBnens pyaruunu {q, {p, OMpenensionye NHTEHCUBHOCTH apMUPOBaHNA
B PafMaJbHOM W OKDPY/KHOM HAampaBJICHNAX MIJIs OKOHIATEIBHOTO NPOeKTa (IYHKTUDP — Ha-
9aiapHHI rpaguk 3tux GyHKIMI cormacHo (6)).

Badaua 2. Ha BHemHeM KOHType miacTuHH (0 = 2) ReHCTBYyeT paBHOMEDHOE HAaBJie-
HUe g, BHYyTpeHHUit KOHTYD (p = 1) cBoGomeH. IIpoeKTUpYyeTcs: MIACTAHA, I KOTOPOR ma-
pamerp ¢ mpuHMMAaeT HauOOJIbiIee 3HAYEHWE, T. €. [IACTHHA, ONTUMAJIbHAA 10 MPOYHOCTHU.
O6bem apMaTypH He HOJKEH HPEBBINIATH MAKCHMAIHHO BO3MOMKHOTO 3HAYeHWs, PaBHOIO 3.

3Becren onTUMANBLHEI 10 Macce PABHONPOYHEIN HPOeKT (cM. [2]), KoTopHi mpu Ges-
pasmepHoM maBieHun ¢° — 0.375 umeer oGvem apmaTypH W° = 1.5 m XxapakTepusyeTcs
CIEeRYIOmMIMN QYHRIUAMI:

71° = 0.5/p? — 0.5 = — =—1 (7)
T° = —0.5/p%? — 0.5 = e® = —1

Jlerxo y6enurbcs, 9T0 9T QYHKIUMH YAOBIETBOPAOT COOTHOMEHNAM (4), (5) m rpamnny-
HEIM YCJIOBHUAM NaHHOU 3ajgadu. OTmpaBisiachk oT pyHKMi (7), Kak 0T HA9aIbHOTO mpubim-
JeHns, HeoOXOAUMO BapbUPOBATH MX TaKUM 06pas3oM, ITOOH (GYHKOWOHAN ¢ = —T; (2)
MpUHAN HauGosbiee sHaYeHNe. JTOT QYHKIMOHAM, ONPeNeJTeHHHN Ha GYHKOUAX T1, es (0C-
TaabHBIE BHIDAKAIOTCA Yepe3 BTH JiBe, YTO MOKHO BHAeTh u3 (4), (5)), He ABAsAETCA afIUTUB-
mEIM. B ¢BA3U ¢ 3THM METOR JIOKAJIBHHX Bapuanuii B JAaHHOM CIydae HENPUMEHUM, U g pe-
MeHNs 3a7a49¥ ACIOJb30BANCA CIACNYIOMUE ANTOPUTM YIYIMIeHNs QYHKIMoHANA.

OTpe3ox m3MeHeHUs HesaBUcuMoi nepemenHoit [1,2] pas6uBaercsa ma 100 pasubx 9a-
creit Toukamu P (0 << k < 100). Bmecto HempepHBHEX (yHRUEA BBOIATCA AUCKPETHHE,
HAanpuMep BMECTO OCHOBHHIX (yHKmui T1 (p) W ep (p) paccmarpmBapoTcs ¢ynrmum T [K],
e [k], tne v [k] = —11 (0;), e [k] = —e2 (p}) (3HAK MMHYC BBefieH JJs TOTO, YTOOH Baphbu-
pyeMile QYHKIUE OBIJIM IOJOUTENBHHIME). IIpousBojHBe 3THX (GYHKIMI 3aMEHEHH <ie-
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BEIMW» OTHOIIEHWSME KOHEYHHIX pa3HOCTeil, Hampmmep dti/dp mpu p = p, 3aMeHeHO Ha
— (t [k¥] — 7 [k — 1])/100. CooTHOmeHNs (4), (5) M BHpaKeHMe IJIA 06HEMa apMATypH me-
pemmcaHbl TaK, 9TO B HAX BXONAT TOIBKO ¢ymKmuu T [k], e [k], HavanpHOe mpubmmxenne
KOTODHIX T°, ¢° HaiifleHo u3 (7). OTOpaBIAACH OT 3THX (YHKOW, CTPOMM IepBoe IIPOGHOE
upubamxenne Ty, IpugaBas sHaYeHMI0 GYHKIUK T Ipupamenne npu k = 100

[kl = [k] (k=0,1,2,...,99), 1,![100] = t°[100] + &

Ecim a1a ¢yHKOUA yROBIETBOpsieT BCeM OrPaHMYeHHAM R (OHpelessieMHIM YCIOBHA-
mu (4), (5), TPAaHMYHEIME YCJIOBHAME U OTPaHHYeHHeM Ha oObem apmarypu W < 3), To cum-
TaeM ee IePBHIM HCTHHHHIM Ipubimxenmem tl. Hakmoe HoBOoe mpoGHOe mMpuOamMiKeHHme Ha-
9pHaeM CTPOMTH C TOTo, uTo T [100] mpupaeTcs moI0KATENHHOE IPUPANeHTe, B CBA3H C 9THM
dyrrmuonan ¢ = 7 [100] = 11 (p100) B TaKOM mpomec-
ce HE MOJKeT YMEHBIATBCH.

|
Ha ¢ur. 2 XupHHMH IHHHAMEH YCIOBHO H306pa- WL, € e
JKeHO MCTHHHOe NpubamxeHme mis OyHenuit T [k],
¢ [k], ToEKnME nMHEEAME — npoGHOe npUbIMIKeHne, IPo- &

Iecc MOCTPOEHMS KOTOPOTO JOIIEeN X0 TOYKM k = j — 1, |
OYHKTHPOM — BO3MOKHEIE BADHAHTHI IIOCTPOCHNS mPO6-

HOro mpubmmxenna Bj — 1. Ecan npn; mo6om BEGOpe A
3HaUYeHNH B Touke j — 1 orpammueHms R Ha mpoGHEIe
¢YHKIUH, IpOBepsieMEble B TOYKE j, He BRIIOIHAIOTCA, TO
Bce mMpo6HOe NpHOIIsKeHne (TOHKMEe JHHWH) OTGpacH- |
BaeTcs M NMPONECC BAPHUPOBAHNA HAUMHACTCA CHAdama | ' £, Pr
(upm MeHbImIEM 3HaUeHHM mara k), oTmpaBIAACh OT moO- =
CIeHeTO MCTUHHOTO UPHMOMIKEeHNs (KUPHBEE JWHNM).

Ecanm e B Touke j ycnoBusaA B BHIIOJHEHH, IPOM3BO- D 2

JAUTCS WX IPOBEPKA B TOUKe j — 1; B ciydae ymoBier- ur.

BODEeHHA WX W B 9TOH TOYKe NPOGHOe NpuUOIMKEeHne

CYNTACTCA MCTUHHEIM, IIOCKOJIBKY JieBee 3TOH TOYKM 3HAYeHNA (QYHKIUA M UX TPOM3BOM-
HBIX He H3MeHSJNCH, B IPOTHBHOM CIyJae IePeXoinM K TOUKe j — 2.

Ilepe6op BapmaHTOB, IPOM3BOAMMEL TaKNM 06pa3oM, He obecrednBaeT CPaBHEHMSA BCEX
GyHKOUI, 6IUBKUX K TAHHOMY MCTHHHOMY IPHGJIMKEHNI0, TAK YTO HEJIb3S YTBEDKIATH, 9TO
ONMCaHHHI mpomecc 00A3aTelbHO IPMBEIET K MAKCHMAILHOMY 3HAYEHNIO (YHKIMOHANIA.
OpHAKO OH IPUBOANT K YIAYIIMEHUI0 GYHKINO-
Halla, KOTOPOe HA MPAKTHKE MOKET 0Ka3aThCs
BeChMa CYMECTBEHHBIM.

Ilo onmcaHHOMY aJTOPUTMY COCTaBIEHA
nporpamma Ha sskike AJITOJI um mpomsBeneH
pacuer Ha Mamuue BICM-4 BI] MI'Y. Oxosn-
gqaTenbpHble rpadurn QyHKmui G u {p m30-
Opasxensl Ha ¢ur. 3. PaspHBHOCTH QyHKIUI
{o HE MPOTUBOpPEYNT CYMECTBY 3ajfadm, IIO-
CKOJIbKY MHTEHCUBHOCTH apMHDOBAHHS B OK-
PY/XHOM HAmpaBJE€HMM BIOJHE MOKET OHITH
- usMeHeHa CKaukoM. OYHKIOUH e, e; W3MEHH-

— JUCh HEe3HAYNTENHHO, NPUIEM IPAKTHIECKH
Z, MOKHO CYNTATh e; = —1, Tak 9T0 rpaduk AIA
JIaeT IOJIHOEe IpefcTaBiIeHHe 06 OKOHYA-
- —— "% TeJbHOM BapHaHTe OCHOBHOH BapbHpyeMoil
7 dyHKRINM T1, HAYAIBHHIA BU KOTOPOit M300pa-
A AeH nyaktupom (1° = — §:°).
7 15 2 IMar BapsupoBanus uamensmcsa ot 0.01
mo 0.61-107¢, HauGonpmee 3HaueHme ¢yHK-
@ur. 3 nuonana g = 0.621, o6seM apmaTypH BO3DOC
no W = 2.57.
™ MoJKHO HOKAa3aTh, 9TO PACCMOTPEHHAs 3aJada MMeeT TOYHOE pemeHwme, famomee abco-
JIIOTHO ONTHMAJBHBIA ITPOEKT

P

n=1p—1=-0"% et =—1

O6pemTapMaTypEH TaKOrO IPOEKTA PaBeH IpPefeJbHO BO3MOYKHOMY w* = 3, npou-
HocTh ¢* — 0.75: Ha ¢ur. 3 TyHKTUPHbE IMHAN H300DPaKA0T 3aBUCHMOCTD I HeIPepEIB-
Hrx ¢yErmmin 0.53;*, 0.5{,*. CpaBHmWBasg ¢ HOJYyYeHHHIM YUCIEHHHIM PeIeHneM, MOKHO
3aKJIOUATH, 9T0 OHO IPUBOJUT K Pa3pHBHOH GyHKOUNA {p, BeChMa OTIAMIHOM oT Lo*.
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KoxugecTBeHHEE Pe3yabTaTH YUCIEHHOTO DPEIIeHMs cJefdyeT NPU3HATH yHOBIETBOPU-
TeILHEIMA: yeJbHAS MPOYHOCTE ¢/ W IPOEKTa, MOCTPOSHHOTO YNCIeHHHM METOIOM, NPUMep-
HO paBHA YNEJBHOI MPOYHOCTU ONTHMAIHHOTO, OTHOCUTENBHHA Helo60p 1Mo IPOYHOCTH CO-
crasaseT 17%, mo o6peMmy apMaTypH — 149%; 0 CPaBHEHUIO ¢ HAYaJIbHHIM IPHOIIKeHIEM
(7) upourocTh Bo3pociaa Ha 65%.

Hocrymuma 3V 1971
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0 JEQOPMUPYEMOCTHN IT'PYHTOB IIP CJIOKHOM HAIPAKEHHOM
COCTOAHNN

M. H. 3axapos, H., H. Heaujenro
(Mocrsa)

OKCIepUMeRTAIbHO MCCAeIOBAHE BO3MOKHOCTH npumeHeHus teopuu I'enku — Hagawm
IpH CHOKHOM HATPYKeHHU TPYHTOB. J[14 mecka W CyIVIMEKA BapPYIIeHHOH CTPYKTYpPH mo-
nyJeHo, 9TO HeoOxopumHble npegnochaky Teopun ek — Hamau BHIONHAIOTCA Npu CIOMK-
HOM HArPDY;KeBWW Ha AOCTATOYHO IIMABHHIX IIyTSAX HATPYKEeHUS.

CoBpemesHHEe METOAH pacdeTa B MEXAaHWKE TPYHTOB OCHOBHIBAJOTCA HA NpoCTeiimei
pedopmanmonnoit Teopuu I'enku — Hapmawm

Sij = Getij ™)

rae S;j — JeBUaTOp HaNDPDKOHUH, €;; — AeBUaTOp AedopManuii, Gg — cerymuii MOAYTb
KPUBOil 3aBHCUMOCTY MHTEHCHBHOCTHM HAIPSKEHWHA OT WHTEHCUBHOCTU RedopMmaruii.

Cobmromenne UCXOTHHX MPENOCHUIOR 9Toit Teopuu [!] (coBmamesuwe raaBHEX oceil TeH-
30POB HaNpsyKeHWH u fedopManuii u mogobue MX /eBHATOPOB) UCCAENOBAHO IIPHU CIOMKHOM
Harpy)KeHUM TPYHTOB, B TOM 9WCJe IIPH U3MeHeHWU HAIpPaBIEHUs OCeil TIABHHX HAMpPs-
skeHuit. Taras IoCTaHOBKA MCCIENOBAHUA OMPENlENIsIETCS TeM, YTO HATPY;KEeHUe DIIeMeHTa
TPYHTOBOTO MAaCCHBa SIBISETCS, KAK IPABUJIO, CIOMKHHM. B TO jke BpeMa DKcCIepuMeBTamZb-
HHle HCCIelOBAHUA CIO0KHOTO HArPYKeHHs TIDYHTOB B HACTOSIIEE BPEMs IOYTH OTCYTCT-
BYIOT.

OKCIepuMeHTH ITOCTaBJeHH Ha MOJHX MUIMHAPUIECKHX 00pasnax I'PYHTA, HATPYIKEH-
HHIX 0CeBOH CWJOH M TUAPOCTATHYECKUM MaBIEeHNEM, HEOLWHAKOBHM BHYTPH U CHAPYIKU
o6pasnoB. Pasnugnble xoMOMHADUMYU DTHX HATPY30K IO3BOJAKT UCCAENOBATH AedopMmanun
IPYHTa KaK B yCJIOBHUAX IPOCTOTO, TAK ¥ CJIOMKHOIO HATpyKeHus. IlpuimokeHue Ha TOp-
oax KPYTAIEro MOMeHTa IPUBOAUT K U3MEHEHUIO IOJIOMKeHWs oceil INTaBHEIX HaIPsiKeHI
01 4 O3.

DKCIePUMEHTANIBHASL YCTAHOBKA I03BOJsAJIA WCOHTHBATL 00pasmil BEICOTOR 80w,
BHYTPEHHUM U BHEITHUM guamMeTpoM 35 u 60 mwm cOOTBeTCTBeHHO. I puioyKenne BepTUKATbHOMK
HArPY3KU U KPYTAMEr0o MOMEHTa OCYIIECTBISIOCH MEXAHUYeCKUMY CUCTeMaMu, a THIPO-
CTaTU9eCKOTO [IaBJIeHUS — CKATHIM BO3NYXOM dYepe3 INIUIEepPHH YW pe3nHOBHe 000J0YKH.
Bepruranbuas pedopmanmusa ofpasma u3MepANach WHAUKATOPOM dYacOBOTO THIA, COEMH-
HEHHHEIM ¢ HarPpy309HHIM ITTOKOM, ¢ TO9HOCTBIO 0.01 wmm. Pammanbpmas u rTamremmuaabHAs
TeopManuy OIpefeNsJuch M0 U3MEeHeHUAM HAPYKHOTO W BHYTPEHHEIro MuaMeTpoB obpas-
na, usMepsAeMbx 1o 00beMy TJINIepPUHA BO BHYTPEHHEH U HAPYIKHOHM IONOCTAX npubopa
¢ TogHOCTHI0 10 0.05 cm®. YrumoBas medopmamus ompefenanach IO Teolle3ndecKoMy JuMOy,
3aKPEIVIEHHOMY HA HATPY304HOM INTOKE, ¢ TOYHOCTHI0 1o 0°02’. BagaBaeMile HATPY3KH GUK-
CHPOBaJuCh 00PA3MOBHIMU MAaHOMETPAMHI U AUHAMOMETPOM ¢ meHoil memenuit 0.05 xa/cm?.



