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BBEQEHUE

CIPOUTENBCTBO MHOTHX HPOMBIIITEHHBIX OOBEKTOR B 1id-
CTOSHIIES BPEMSI HEBO3MOXHO 0€3 yUeTa ¥ix peakiluu Ha guHa-
MUYECKME Harpysku. Mccienoparue X HMpOYHOCTH 3KCHEpU-
MEHTANIbHBIM# METOHAMU 083 TIyOOKOro TeOopeTHYeCKOro aHa-
38 HE NAET HEOOXOMMMOTO PE3YIILTATA, HECMOTPS HA OIpOM-
HBIC MATCPHUaNnbHBIE 3aTpaTel. OCHOBBL MTUHAMKYECKOrO PacueTa
KEeNE300CTOHHBIX KOHCTPYKIHI ObM paszpaboTarisl A.A. TBO3-
AeBBIM. TTpe/UIOKEHABIE UM KeCTKOIIACTUYSCKIIT METOI Ha-
BICA NPHMCHEHUE B Ipakruke pacyera. OnHaxko o6racTs mpu-
JTOKCHUA TTOMYICHHLIX DEIlleHUid OTPaHuIHBAIACE KOHCTPYK-
UUAMH, TOMYCKAIOIIMMI JOCTATOMHO OOABIINME IUIACTUYECKHE
nedopmaitma. Teopds TUHAMUKY Kee300eTOHHBIX KOHCTPVK-
LM ¥ COBCPLICHCTBOBAHNE METOTOB WX PACUETA ITOTYLUITI Pas-
BUTHC B TPYAAX KPYITHBIX POCCHICKIX yuelibrx: P.O. bakuposa,
B.H. Xapunukoro, A.B. 3aderacpa, B.A. Kornspersckoro,
B.Y1. Maitoposa, I'.11. Tlonosa, H.H. Monosa, B.C, Pacroprye-
Ba, A.L. Capreana vt ap. CoBpeMeHHRBIE METONE TUHAMMUYE CKO-
IO pacacTa KEae300eTOHHLIX KOHCTPYKUMIA [TPEAITONATAIOT, Ha-
pARY ¢ aHANHUTUUCCKUIMH PEIICHMAMU, MCTIONL30BAHME YHUCHEH -
HBIX PacIeToB, YTO AACT BO3MOXHOCTD TTPOBECTH PACUYET KOHCT-
PYKIMI BEChMa CIIOXKHON (HOPMBI 1 OIIPe/IeHUTh WX HATIPSLKCH -
HO-IeDOPMUPOBAHHOE COCTOSHHUE BO BCEM TUATIA30HE 11POIHO-
CTHBIX CBOWCTB MaTepPHATIOB.

Comepkarue 1 PpACHOTOXKEHNAE MATePHAIa B TANHON KHATE B
OCHOBHOM COOTBETCTBYET COBPEMEHHOMY I1IpEACTABIEHUIO O Me-
TOAAX PACYCTA NPOYHOCTH KENE300ETOHHBIX KOHCTPYKIMIL IIPH
JUHAMHUICCKMX HarpysKax. B mepsoit rrase mpuBesielinl pesyp-
TATBI IKCHICPUMEHTANIBHLIX UCCICTOBAH I MOIEICH peakTopHO-
ro orieneHus ADC na neicTBue BO3AYUIHON YIAPHOM BOJIHE



BBEIEAVE

(BYB) or HemHero B3priBa. PaceMOTpeHbl cllyyan, KOIga Ha
CoopyxeHue ideidcteyer BYB or 1ByX 11ocnegoBarenbHO mpoBe-
AEHHBIX B3pLIBOB. VICCIenoBanucs MOmen, 3aKPEIINIEHHBIC Ha
TTOBEPXHOCTA 3EMIM M 3aLMyONeHHBIE B IIeCUaHsli Ipynr. Bo
BTOPOM ¥ TPEThHEeil INaBaX pacCMOTPEHEL PACUeTHEIE MO Oe-
TOHA, apMaTyPEl U Kee300eTOHA C TPelUMHAMHU, [TO3BOAAIONTIE
MOIOCIHNPOBaTL NMOBEAEHUE KENEe300eTOHA B YCIOBHAX KParKo-
BPCMCHHOTO TUHAMUUECKOTO HarpyxXkeHus. B yerseproin miase
PAcCMOTPEHBI OCODEHHOCTH JUHAMIUYCCKOTO PAcTieTa Kemne3o-
OCTOHHBIX KOHCTPYKIMIT METOHOM KOHETHOTO 3MemMerrra. TIpu-
BENCHBI TTPWUMCPBL Pacdera JWHCHHEIX W IIPOCTPaHCTREHHBIX
KENE300€TOIHBIX KOHCTPYKLIH 1a AeiicTere BYB.

IockoapKy KHAMra TOJLKHA HE TONBKO (GMUKCAPOBATH COBPE-
MEHHBIN YPOBEHB, MOCTUIHYTBIH ITO Py BOTTPOCOR, HO U OOPH-
COBaTh NEPCIEKTHBY CHO PA3BUATHS, aRTOPEl COYIIM BO3SMOXHBIM
KPATKO OCBATHTE B IIOPHIAKE ITOCTAHOBKM U HPEABapUTEIBEHOTO
HCCIENOBAHVS TIPOONCMBI, CBA3AHHBIC ¢ PacyeTOM KOHCTPYK-
LM 13 OSTOHHBIX W XeNe3008TOHHLIX IIAT NPY B3aNMOLSCT-
BUY ¢ MOJCTBHLIMU CHapsg/laMHU, B TOM YUCHE COMCPIKATUMMMU
B3PBIBHOC BEINECTBO. B IIHTOH INaBe W3MAraercsd MareMaTude-
CKad MOACAb, HO3BONAIONIA B paMKax MEXAHHKW CIUTOIHOM
CpElibl PAaCCUMTRIBATE HAIPSKEHHOS M NedOPMUPOBAHHOE CO-
CTOSHUE M Pa3pylICHWE B TBEPABIX TEHAaX MIPU NUHAMMUCCKHX
HaTpy3kax. Paspaboranmas Ha €C OCHOBE METOAUKA UAET BO3-
MOXHOCTh PACCYMTHIBATHL B TIONHON TPEXMEPHOU MMOCTAHOBKE
YOAPHOC B3aUMOJAEHCTBHE TBEPULIX N (DOPMUPYEMDBIX TN ¢ KOH-
CTPYKHMAMW, COCTOSIIUMHM M3 CIOEB OeTOHA, XKene300eToHa 1
[CCYaHOTO TPyHTa. 1IpyUBeAcHE pe3yIbTATH MCCACHOBAHMS Ke -
N€300ETOHHERIX CTeH OOCTPOMKHI peakTopHOoTo oTacieHus ADC
Ha JIEIICTBUC OT JIETAINETO NpeaMeTa. B HIecToil IiaBe IMPUBO-
AUTCS MOAUDUKAINA METO/1A KOHSUHBIX J€MCHTOB JIId perme-
HUA 34789 BLICOKOCKOPOCTHOTO yaapa 1ehopMUPYEMEIX TBEp-
ABIX T€)I A MPEACTABICHEI HEKOTOPHIE 1IPUMEPE! €70 UCIIQIb30-
BAHWS. B 9acTHOCTH, IpMBEISHBI AHANU3 B3aUMOnecTBusl cde-
PIICCKOrO YAAPHMKA ¢ CUCTEMOM IPOCTPAHCTBEHHO-pasHECeH-



‘BBEfJEHME

HBIX MUILNEHEH M PacdeT YAapHOTO B3auMONCHCTBIS YACTHIL C
3KPAHUPOBAHHEIM B3PbIBYATEIM BEITECTBOM.

ABTOpH HE TIPETEHAYIOT HA MCUCPIIBIBAIOIIYIO ONHOTY W3-
JIOXCHMS COBPEMEHHBIX METOA OB MTPOYHOCTHBIX PACYETOB JKelie-
300€TOHHBIX KOHCTPYKUMT B yCHOBMSIX V/IApa M B3PHIBA, OIPa-
HMYABIINMCH JIULIE O0JaCThIO HAYKHM, B KOTOPOIT OHU Hauboiee
3aMHTCPECOBAHEL. MBI 3apaHee duaronapum YuTarenei 3a Kpy-
THHECKUE TOXETAHU ¥ 3aMEYaHKUA B HATI a,1pec.

16}



FJIABA 1

9KCMEPUMEHTAJIbHBIE UCCNEQOBAHUS
MPOCTPAHCTBEHHbIX XXENE3OBETOHHbIX
KOHCTPYKUMI HA AEACTBUE BO3QYLUHON
YOAPHOMW BOJIHD!

1.1. OGiume cRefeHMS O Harpyske
OT BO3JAYLUHOWN YAaPHOU BOJIHDI

B3pBIBHBIC BO3mMEHCTBHS B OBINEM Cliyyae HECTANWOHAPHDL
BO BPCMEHH 1 NpocTpaHerse. [IprHuMas BoO BHEMAaHUE OpUEH-
TARHIO B3PLIBA, MOXKIIO OTMETHTb TPU HAMOOJIEE BePOITHBIX
Cny4asd: BO3AYIIHBIN B3PBEIB, HA3SMHBIA BIPEIB ¥ [TOX3EMUEBIN
B3PEIB.

T BO3TYIHOTO BappiBa XapakrepHa chepmieckas viiapHas
BOJIHa, KOTODad MOCTHUIaeT TIOBEPXHOCTH 3eMIM M OTPOKACTCH
or Hee. [Ha HexkoTopom paccTosHHH OT SMMUIICHTPA B3PEBA
(GpOnTEI MauaoImet M OTPAKEHHOW BOMH HAKIANBBAIOTCH. B
PE3YNBTaTE UETO 0OPA3YETCS TONOBHASA, PACIIPOCTPAHSIONAAC
BIOJNIb MOBEPXHOCTH 3¢MITH, yIapHAas BOJIHA C IIPAKTHICCKI Bep-
THKAIbHbIM DPOHTOM. 30HY, B KOTOPOI PACTIPOCTPAHIETCS TO-
JIOBHA BOJIHA, NPUHATO HA3BIBATE HAJLHEH 30HOIM.

Xapaxiep BOSAYIUHOM YIapHON BONHEI (BYB) mrpu HazeMm-
HOM B3DLIBC COOTBETCTBYET JA/(bHEH 30HE BO3MYITHOrO B3PhiBA.
Taxmy obpasoM, xax npu BO3IYIIHOM, Tak u ITPU HA3EMIUIOM
B3PBIBax OOBITHO pacCMaTpusaior BYR, PaclpOCTPAHSTIOINVIOCS
OT SHULIEHTPA ¢ BEPTUKATBHEIM GpOHTOM. XapakTepHas Kap-
THHA BOJNHOOOPA30BAHIA NPU HA3EMHOM B3phIBE [IOKA3aHa HA
puc. 1.1,

1



[naga 1. SKCNEPUMEHTATTBHBIF WCCRENOBAHKA. .
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I'panuna pasnena

TonoeHas BogaA

P\ S CKanBHBIA TPYHT

Puc. 1.1. Cxcma 00pa3oBaHmsg yIAPHLIX BOJH NPH HAZEMHOM BIpbIBE
A — uccnemyeMulit OOBEKT; B — SHHLCHTP BIPBHIBA; D, -
CKOpoCcTh Qpponta BYB; P* — yipyras (neporyHAg) BONHA
renepuporarnasg BYB; 6+9 §* — nonepeanas (propuynasg
BOJIHa, TcHepupoBardas BYB: P — ynpyrag (fponoiasHas
STIMUEHTPRABIAS CEHCMOB3PLIBHAS BOIHA; S ~ nolepeyHas
3NALEHTPANbHAS CeHCMOB3PbIBHAN BONHA, S — OTpaxkeH
Had 3MHNCHTPANDHAN CEVCMOBIPLIBHAL BOJHA, Ke — BOIHE
Pcues

Bosaymnas ymapHas BOJIHA, PACNPOCTPAILLICH OT IITHICH-
TPpa B3PBIBA, 3AMCIJIICTCA, AABJICHUE HA (DPOHTE C PACCTOSHIEM
CHIDKAETCS, Bosira cxxaTas, BOIHUKAIOUIAS ITPH 2TOM, B MSITKOM
(BepXHeM) CIIOC IPYHTA OTPAXAETCA OT IPaHMIE pasnena, Gop-
MHUPYACH B rOJIOBHYIO YAAPHYIO BOIHY.

CKOpOCTD SITHHEHTPANLHON CeHCMOB3PHIBHON BOTHB MOXKET
SHAYUTCABIHO TPEBEICHTE CKOopocTb (GrpobTa BYB. Hanpasne-
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1.1. Oﬁume: CBELEHUA 0 HarpysKe

HHE, XapaxTcp PasBHTUA ¥ CKOPOCTh IMPOIABIDKEHMA CelicMo-
B3PBIBIIbIX BOIH OMPEAS/AIOTCA FPYHTOBBIME VCIOBHAMM, MOLII-
HOCTBIO B3PHIBA, 4 TAKXKE MECTOM E€TO PACIIONOXKEHIA. YIIpouas
CXeMY, MOXHO MPBEACTABUTH ITOCHEACTBUI B3phLBA B BUIE IIOCIIE-
HOBATCIBHOCTH ABYX I'PYIT YAaPHBIX BouH. CHAYama Ha cOopy-
KEHHE NECACTBYHOT CeHCMOB3PHBHBIC yaapHEe Boxner (CBYB),
BKIIIOTA BOZHUKAIOMIME HA [PAHHUIIAX PA3NENa MOBCPXHOCTITHIE
BOJIHEL Penea u JIspa. 3ateM — BO3MyluHAA yrapHas BOJTHA.

Jnst ceMeMOB3PEIBHOM BOJHBI HAMOOIEE 3AMETHB! TICPBEHIE
Tpu (hasel xomebanust rpyura. Ha puc. 1.2 mokasatia BeaoCH-
rpaMMa, B COOTBETCTBUM ¢ KOTOPOM ObUTM ITPOBEICHDLI paCUeTL
MAaCCOBOMN CKOPOCTU M ITPOIOAKUTETEHOCTH HUKIIOB KOJCOaAHI
IpyHTa, CBeAeHHbBIC B 1a0J. 1.1, rie g, — CKOpOCTE TPOXOIBHON
BOJIHBI, [IpHILATAA I KONCOAIWi B 3aBUCUMOCTH 01 ILIOTHO-
CTHl TpyliTa ¥ HaBjeHns Ha @poure BYB u paccuurammas mwrs
CPEOHEH IMIOTHOCTH FPYHTA, 0 — IDIOTHOCTH TPYHTA.

B pabotax, CBA3AHHRIX ¢ KMHEMATHYECKHM ABAJIU30OM CO-
OPYXCHWISI { W, W, W — CMeIIeHue, CKOPOCTh U YCKOpEHHE COoOT-

BETCTBEHHO) ITp1 BHEIMTHEM TWHAMUYESCKOM BO3ASHCTBHH, 0CO-
00e MECTO YIETEHO IKCTIEPUMEHTAILHBIM UcCe oBaamsaM, Or-
METHM, YTO YCKOPEHHAS TIPOBEPKA HEeCYIIEH ¢rocobHOCTH KOH-
CTPYKIIMI 3TaHUE ¥ COOPYXKeHMI HA CeMCMUUCCKOe BO3ACHCT-
BHE MOXKET OBITH OCYIIECIBACHA € ITIOMOIIBIO B3PbIBOB. DTOT Me-
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Prc. 1.2, Beaocurpamma ceiiCMOB3pBIBHOM BOMIH
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[aga 1. AKCTIEPUMEHTATTbHbIE UCCTIEOBAHMS..

Tadmua |.1

T revHTa AP, () Maccorad cko-
Py kI1a ! POCTE, 1 {CM/C)

Hecku meynecn 30 | 0,01 9,0

p=1600—1800 xr/nM’ 50 0,02 14,0

a,= 500 m/c 100 (0,03 28.0

TsKensie CYIIMHKNA,

TTEIAHEL CPEIHEH NOTHIOCTH 30 0,007 6,4

p=1600—1900 gr/m’ 50 | 0,013 10,7

a,= 900 m/c 100 0,028 21,36

Hecuannkn {30 | 0,0014 1,45

2= 2100—-2500 xkr/m’ 50 | 0,0027 2.53

a,= 3000 M/c 100 ,007 4,63

WM3BeCcTHARA 30 (),()00?:“ - 0,73

£ =2300-2600 K /™’ 50 | 0,0003 1,27

a,= 3300 m/c 100 | 0,0012 2,50

101 cumTaercst 3QGEKTUBHLIM ¥ IEPCIeKTUBHEM, (OQUeBHIHO
UTO TAHHLIE, ITOIYICHHBIE TpY UCHBITAHUAX HATYPhI Ha ACHCT-
BHEC B3PBIBHBIX BOJIH, IPEACTABIAOT 3HAYUTEIBHDII HHTEPEC.
Ha puc. 1.3 moxazaHLI cxeMa DKCIEPUMeHTa W BHOpOTpam-
MBI [PYIITA, NOAYICHHBIC IIPW KMCIILITAHUAX COOPYXKEHHWS Ha
aciicteue CBYB [20}. 3apsan pacnomarancsa B JIWHHIO Ha pac-
CTOSTHHU TPpeX MeTpos o1 obbekta. Obutuii sec BB pasen 33 kr.
Kak BugrO 3 puc. 1.6, rpadguKyu CKOpOCTEH MOAVIEHRl B BU/IE
KPUBBIX, BKITIOUAKIHX TPH OIMPEISHE HHBIX TTOTYROIHEL.
3HAUUTEITBHEIC MACCOBBIE CKOPOCTH { & =5—6 ¢m/c) | 13] Mo-
IYT BRI3BATEL PASPVILCHUA OOBIYHEBIX CTPOMTEABHEIX OOBEKTOB.
CpaBrHeHue BpeMenu npuxonaa K oobekTy CBYB u BYB noxa-
3BIBACT, YTO 3ANECpXKa BO3AVINHOM BOTHE MOXET OBITH 31AYH-
TENBHON. DTa 3alepXKa VBeIHYHBACTCA ¢ YBEAWYEHHUEM ILIOT-
HOCTH TPYHTA W 3ABUCUT OT PACCTOAHUS 10 MeCTa BIPHIBA.
CroxHag 3a/71a9a OTIEHKW HECYIICH CNOCOOHOCTH COOpYKe-
HUS ITPHU OTHOKPATHOM ¥ HEOMTHOKPATHOM MTHMHAMHWYECKOM BO3-
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11 Cbtume caenchms o Harpyake
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Puc. 1.3. BubporpaMmMel TpVHTa (BIPBIBHEIE KATICYIBI pACTONOKEHEI E
DSLA. BO3OYIHATEND Ha raydnne 0,6 M) [20]

JIEVCTBUM (B YaCTHOCTH OT IIOCiieHOBaTe1bHOTO neiicteng CBYB
i BYB) nosrxHa OrITH 00ecIIeueya HEKOTOPhIM HAbOPOM JaH-
HBIX, OTPaXKAKMTHX Ka9CCTBEHITHC M KOJIMYECTBCHHDLIC XaPaKTe-
PUCTHKW TTpOTIecca.

CyaiecTByeT 3IMTIUMPWYECKAas 3aBHCUMOCTb, TIO3BOIAIOLIA
RBIABMTE HEOOXOMITMOCTE yuera neiictrus CBVB:

- M
R 2150, (1.1)

T§
ne 7 — BeC TpOTHMOBOTO 3Keupanciita BB 81, R — nmpuseseH-
HEII paiuyc, 3a 1peuciamu kotoporo CBYB He BoI3bIBACT 1MO-
PAKCHIT OObCKTA.

PaccMmoTpuM napaMeTprl B3pBIBOB, KOIA Bec 3apaxa g,=10T;
¢,=10° 1: ¢,=10" T (BeC 3apsiia SKBUBICHTEH TpoTHNY). [lepe-
X0om K IpYIHM MOLIHOCTAM MOXKET OHTH [MPOBEASH HA OCHOBA-
1MW 3aK0Ha TI0A00MA, COTMIACHO KOTOPOMY IIPY B3PBIBAX B Ol-
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I'naga 1. IKCIEPUMEHTANBHBIE UCCTIEACBAHKA. .

HOH 1 TOM XKE CPEJIE 3aPAMOB Pa3iuIHON MOITHOCTH ¢, 1 g, 00U~
HAKOBBIC napamerpsl BYB Habmomarorcst Ha paccrosmuu R, w
R, nponopMoHANIBHO OTHOUIEHMIO KOPHEN KYOUYeCKHX U3 Beca
3apAIOB!

& _ 4
R2 3 q2

Ira HOPMYIIa UCIIONB3YST s TAKKE IIPY BBIIICI/ICHIAX BpE-
MEHHM TIpHX0OAa (POHTE BOJHEL, NPOTOCKHICIBHOCTH (A3
CXATUA W TPYTUX TapaMeTPOB.

Ckopocre npoasikenus dporta BYB oupenenaercs 3a8u-
CUMOCTRIO [17]:

(1.2)

D, =340,/1+0.83Ap,, (1.3)

e 340 — CKOpPOCTD 3BYKA B HEBOIMYILEHHOM BORAYVIIHOMN Cpe-
ne, M/C; Apy — maencinie Ha ¢ppoute BYB, MIla.

PacueTHoe BpeMs npuxona gporra BYB K o6bexty o1 MecTa
B3pLIBA;

=— (1.4)

Ime Ry — pacCIOSHHEE OT MECTa B3pHIBA A0 0OBEKTA, Dy — cko-
pocTs ¢ppoHra BYB.

PacyerHoe BpeMst MpUX0Ona SITULEHTPATLHOM BOTHE X 00h-
EKTY:

! ”*R“ (1.5)

rie Ry — paccrosive OT MECTa B3phiBA IO 0OBEKTA; 7, — CKO-
POCTb IPOTIONBION BOTHBL B TPYHTC, M/C.

Pesymerarel pacuyeToB CBEUCHB B TabA. 1.2, IIc upUBEReHE
TaHHbIe O napaMerpax BYB u naHO CpaBHEHME BPEeMClIM IPUXO-
na BYB u CBYB x 06hexTy 01 MecTa B3PEIBA.
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1.1. OBILMe CREAEHUA O Harpyske

Tabnawuia 1.2

e sapaaa, T g=10 g=10" g=10"
Haprenne Ha
¢porTe BYB, i 10 30 50 10 30 50 10 30 50
Kila |
Paccrognue i
0T MeCTa 245 1114 B850 |530 246 185 11140 530 397

B3pHIBa R, M

IIponoiku-
TEIBHOCTE
(ba3hI CKA-

i THY 7. C

0,092 0,068 0,058

0,108 0,147 0,126

0,427 0,317 0.271

f

| Pacgernoc
BpEMS TpH-
x0na BYB x
ODBEKTV 0T
MEC1a B3[bl-
Bal,,C

0,562 0,205 0,134

1,206 0,441 0,288

2,600 0,950 0,620

PacueTHOC
BpeMst TTpH-
xona JCYB
K 0OBEKTY OT
MECTA BANBI-
iBat,cC

$ TISCKY U

| CYIICCH
i
TKETbIE CYT-

JNUHKY, CPef-
HME TIHHDI

AeCHYAHHUKH

H3BECTHAKH

0,490 0,223 0,170 11,060 0,492 0,370

0.272 0.124 0,094
0.020 0,028 0,037
0,017 0,024 0,032

0,589 0,373 0,206
0,042 0,062 0.082
0.036 0,053 0,070

52,280 {060 0,794
{
{
E
1,127 0,589 0,441

0,091 0,132 0,177
0.078 0,113 0,152
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Inaea 1. GKCTEPUMEHTAITEH bIE UCCIERGBAHAA...

ponoaxenue tadbannm 1.2,

Pacuetrioe
BEMsl 331T43-
IbIBAN A
BYB nocae
DCVR, At ¢

UECKH #
Cynecn

THKEIIRIE CYT-

0,072—-0.018—0,036

0,{46-0,051-0,082

0,320—0,110-0,174

nrHKE cpe- | 0,290 0,081 0,040 0,617 0,168 0,082 | 1,473 0,361 0,179
HEC I'MHIBE

necuanmkn | 0,542 0,177 0,097 | 1,164 0,379 0,206 {2,509 0,818 0,443
m3kecTHAKY {0,545 0,181 0,102 | 1,170 0,388 0,218 12,522 0.837 0.468

Kar puaHO 13 Tabaumst |.2, Ha «PBIXIbIX> TPYHTAX CKOPOCTD
CEACMOBOJIHBL COM3MEPUMA CO CKOPOCTBIO BOIVIUTION BOIHET.
B srom cmydae mMoxkHO TOBOpHTE 0 pacuere COOpYXKEHMsE Ha meli-
¢TBue BYB 0e3 yucta KMHEMATHYECKOTO BO3OYKACHUS 110 TDVH-
TY.

ITpu peficteunrr BYB BO3HMKAeT CaoxHast THQpaxTiolLiHasg
KapTuhia B3apMoaecTBIsL. 1lone maBneHuii BO BpeMeHH 3as84-
CAT OT NMapaMCTPOB BOJTHEL, XapaKTePUCTUK O0LEKTA, Pa3MCPOB
W OPHUEHTANMN OOBEKTOB OTHOCUTENBHO (hpOHTA BONHBL Hau-
OONBIIFH WHICPEC ISt 337a4 B3aUMOIE CTEUS KOHCTPYKLUKHK ¢
YIADHOU BOINIOK NPEICTABISIOT PACITPC/ICIEHUE MaBTeHUs 110
€C TIOBCPXHOCTH, CKOPOCThH ITPOABHAKEHUST (BpoHTa, a raxxKe
IUIMHA BOMHEL U (HOpMA €€ NMITYIIBCA.

YCITOBHO pazmuyaeT <«UIHHHYIO> ¥ <«KOPOTKVIO» yAapHeIe
BONHEL B nmepeoM ciyuae:

L>]

L=Dy7. — nmana Bonuel; Dy — CKOpOCTB (bpoHTa; 7. — Npo-
HOJUKHUTENLHOCTD Ga3wl CKATHA, [ — TUHEHHBIH pasMep oObeKTA.
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1.1, OBuwme ceeleHns o Harpyske

AP

D14

AP,

AP =500 kIl
400 T |
3 350 kLl |
280 &TT
— 200 %I
4 180 kT |
140 KTT
100 kI
AN 70 xTT

e N/
} \Q\ \(X\ 35 kIT
N

N
J

14 xTE
, N

N
N

0 10 20 30 40 50 60 70 80 90

Puc. 1.4. Jlapnenpe orpaxeHus TpH NAACHHM GPOHTA YAAPHOL
ROJHBL IOH YIIOM & K nperpane [10]

J1 «KOPOTKOM» BOSHEI THIWTHO BO3NCHACTBAE UMITYIBCHO-
TO Xapakrepa [2].

HeficTrue «1IMHHOI» BOTHBI BKAOYAET ABE OCHOBHELE (PA3EI
B3AUMO/ICHCTBIS — MTUMPAKIINIO W YCTAHOBUBIICSCH (KBA3MCTA-
HUOHAPHOoe) obTckanue. Ma3za TUGpakItiy nenpoIOBKUTENBHA,
M TABICHUS, BOSHUKAIONINE HA TOBCPXHOCTH, HECTAITMOHAPHEL.
Kax mpasuio, nedopMalHi, Onpeaesonne COCTOSHIE KOH-
CTPYKLIHA, BO3BHMKAIOT B IIPOLIECCE KBAZUCTALIMOHAPHOTO 00Te-
Kanysl. B onmbITax Ha yIapHBIX TPYOAX M NpU YUCIEHHOM pacue-
T€ ABYXMEPHBIX TCYEHWI ObLTO O0IIApYXKEHO, YTO Ui KOHCT-
pYyKIMU B GOpMe HapauIeAciiMIena OTPAKEHHOE H30BITOUHOE
JABIEHAE (P,, ) U3MEHIETCA MO NABJCHHA TOPMOXEHMH 34 Bpe-
M
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Mmaea 1. LSKCHEPMMEHTAHE:HI:IE_ WCCTEACBAHKA. .

_3H
roﬁm - A)qb 3 (I ‘6)

roe [, — ¢xopocts QporTa BYB, H — menpmas sesimsmna Bei-
COTEI WA IIOJOBUHBI IEIUPWHE KOHCTPYKLIII.

Ecau miperpana o oo HUI0 ¥ HANPABICHAIO ABUKYLLET -
€31 BOTHBI HAXOMUTCS IO HEKOTOPEIM YIAOM ¢, BOZHUKAST OT-
PAXEHHAY BOAHA ¢ AABIICHHUEM AP, ,, OUPSACTAEMBIM NABIICH-
CM B ITaIat01LCH BOTIHe AP, H yIIIOM @, KAX Ha puc. 1.4 [10].

B moMcenT BCTpeyn BYE ¢ Nperpagon Ha MOBEPXHOCTH IT0-
CIETHEH BO3IKMKAST BOJHA OTPAKEHUS C TABTCIIUEM AP amps TIO-
CJIE METO BOsLHA TIPO/IBHTAETCSE IO ITOBEPXHOCTH OGLEKTE, 3aXBd-
TBIBAs HEHATPYKEHHBIC VIACTK,

CBedeHus: 0 pachpeqeicHun AapfieHuil Ha LJUTHHIID ¥ Opy-
TAC KPHBOTHHCHEBIE TTOBEPXHOCTU B BUIE KOJEIT MITH KPYTORBIX
apOK OIMYONMKOBALBL B CIIPAaBOTHON JTATEPATYpE U OISI IPAKTH-
HCCKHX PACYETOB MOTYT OBITh IPUHSTH B BiAe IPAduueckux 3a-
BUCUMOCTEH, TIOKA3aHHBIX Ha puc, 1.5, 1.6, 1,7 [10].

HOTlyeTiM, 9T0 TIOBEPXHOCTD 0BOTOYKM SBISIETCH 26COIIOT-

F o S [ = X
Y R - ) DCZJ
[
Py _ -}I E
i
U\ AP G P
]
b
P
.
o :
0 :I i .. 4
l; f,
f f_‘_‘I’T_ E;'+TTCK
«——ip)
‘ I‘i‘ I

Puc. 1.5. Harpysku na Kombuennie u dPOYHBIE XKOHCTPYKIIUK
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1.1, CBuipe GBBAEHMR 0 Harpyake

e . W W m -

Puc. 1.6. Ilepemenieie QpoHTa BOIHL O 0BOIOTKE

HO TBEPUOW U He JEGOPMUPYETCS IpH 06 1CKAHITH BO3UYLIHBIM
MOTOKOM. B aTOM ciydae Majast ILIONTANKA, PACHONONKEHHASN B
OKPECTHOCTH KPUIUYCCKON TOUKH A (puc. 1.6), B mOMeHT
BCTPEYH ¢ (DPOHTOM BOJHB! GVICT BOCHPUHUMATD TO Ke JABAe-
HUE, YTO 1 INoCKas mperpaxna [5].

l3MeHenme gasnennsi BO BpeMenu /%(f) B cranmu mudpak-
LMW MOXKET OBITH AlNpPOKCHMUPOBAHO IPEMSI OTPE3KAMH TpslL-
MBIX C HA9a7OM HATPYKCHIISL B TOUKE ¢ KOOPAMHATOHN X. Bpems
ripuxoxa BY B onpenenserca dopmynoit;

X
[, =—. (L.7)
D
&
XapaxTCpHBIS IApaMeTPhl HYHKIHU P, Puar(i=1,2,3)
SABHCAT O KOOPAWHATEL TOYKH, pazMepa K M NARICHUA AP,
DT JAAHHEIC [PEACTARICHBET B  33aBMCHMOCTH OT ynia o

. P e D
(P =" Ap o E=n " R AL, — NABICHUE HOPMATBHOIO OT-

oup

21



maga 1. SKCIEPUMEHTABHEIE HCCﬂE[LOBAHM‘fI_.:_

A,C, I
A
1,2 = 15
0.8 == ;i 10
N
0;4 = ‘%\ 5
7 NN
0,0 =% X —r=< |
0,4 \ & -~
-0.8 7
Cp
0,0 40 30 120 180 o

Puc. 1.7. JInarpaMMbl (QYHKIUHA OaBReHNS P, m xosdduunenra san
nermst C,[18]

paxkeHns). JasreHne P B dase KBasHCTAUMOHApHOIO 0OTEKA-
HUA TIPW {2, TIDEACTABASICT CYMMY CKOPOCTHOTO Hanopa P (1) B
BOJIHE € YIETOM KO2(DhMUINCHTA 1aBIIe HUAST C,

AP+ C AP (1) (1, <t-&/) <1
s

_X
C (@) P, (1) (z, <t ﬁ){ﬁ <7.).

MaxkcuMyM naBleH#s OT CKOpOCIIIONO HANOpa BO3HUKACT
o4eHb OpicTpo. llocaenyromee ero usMeneHue OMM3KO K KBai -
pary TMMKOBOI0 HU30HTOMHOrO NaBJACHUS IpU HeQosbIuX Ha-
I'PY3Kax W NPONOPHAOHATBHO 3HAUCHUAM U30OBITOUHOTO JaBie-
HYST NIpM CAMBIX BRICOKUX 311AYCHHAX HATPY3IKHA [4].

B CBI3H CO CITOKHON KApTHHOM B3aMMOICHCIBUL VIADHBIX
BONH € TENAMM Paznuyioi GopMEI B PACUSTHON IPAKTUKE TS

P= (1.8)
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1.1. OBLme CBefeHNs O Harpyake

OIIPEACIIEHMA TUHAMMYCCKHX HATDY30K '1aCT0 HCIONB3YIOT I10-
JYYECHHOE DJKCHEPUMEHTAIEHO HA TEOMETPHUYECKU TIOMOOHOM
MoAeIM 00LEKTA MPOCTPAHCTBCHHO-BPEMEHHOE PACTIPEICICHUE
JABICHUSA HA €70 HoBepXHOCTU. TpebopaHns moqobus pactipo-
CTPAHAIOTCS TAKXKEe Ha YCIIOBHS B3pPBIBA, rapaMeTphl ymapHoH
BOITHEI M OPMEHTAIINIO OOBEKTA OTHOCUTEIBHO (PPOHTA BOJTHEI
[10].

1.1.1. Harpyaka oT ROSAYILHON YAAPHON BOMHbI
Ha NOBEPXHOCTU COOPYXKeHU

TTpuMeHUTENRHO K CTPOUTETBHREIM CoopykeHusM AZC mpo-
BEOECHET TEOPETHUSCKUE W IKCTICPUMCHTANLHBIC UCCICOBATLA,
PE3YNBTATEL KOTOPEIX MITOXKEHEI HIDKe. Ji1a nojayucims ucxoil-
HETX JAaHHBIX 0 HAIpy3KaX M XapakIcpe paciIpCHCIICIIME MABIIC-
U 110 [1OBCPXHOCTIM OCIIOBHBIX COOPYKCHUM ObLIU IIpOBEALC-
bl 3KCUEPUMCHTEL € MCHOJB30BAIMCM A0COJIOTHO KECTKUX
MOICICH,

PaccMmotpumM pe3yvabratei, IIOJIVIEHHBIE HA MAKETE, BBITIOJ-
HeHHoM B MacirTade 1/200. Maker coctaBieH U3 OCHOBHEIX U
BCTIOMOTATENBHBIX COOpy:keHuit ADC M npeacras/ter coboit
MOHOAHTHYIO KeNe300eTOHHYI0 KOHCTPYKIIMIO HA TTOBOPOTHOH
imtatdopme (puc. 1.8).

OnpeneneHne DapaMerpoB HATPY3KU II0 X0V VEAPHOM BO-
HBEL U HA TOBEPXHOCTAX KOHCTPYKIIHIA IIPOBONIUIOCE IIOCPEACT-
BOM MCMOpPaHHBIX IIPEOOPA30OBATEICH NABICHUI, MOKAZAHHBIX
Ha puc. 1.8.

JKCOEPUMEHTEL IIPOBEOEHLI HAa OTKPBEITOH MECTHOCTH, a
TAKKE B peakTUBHOH ymapHoil TpyOe. B mpoirecce oOErToB ama-
IMa3oH HaBicHu# Ha Gpoure BYB m3MeHsics B mipegesiax
AP,~30-50 kITa uepesz 10 xITa. I1a xaxmom srane ruardopma
NnoBopasKupaLach Ha yroi 15° g upegenax ot 0 go 90°. TaxumMm
00pAa30M, H& KAKIOM HT1alie IIPOBEACHO CEMB CepU UCHBITAHWA
TIO TPU OTIBITA IS KAXKI0W NMO3HIIHHA,
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Tnaga 1. SKCTEPUMEHTANHBIE UCCTENOBAHMS, .

Prc. 1.8. Maker ADC ¢ BBAP 1000 ua TOBOPOTITOH mathopme
I — sammTras o6onouxa; 2 — oboTpoitks pPEAKTOPHOTIO OT
OERCHMST; 3 — MaINTWHHGM 327 4 — TreHEePATOPHOE OTHLNE
HME, 5 — aAMUHMCTpATHBIHO-65ITOROH KOpIlyC;, & — mpeot
Pal0BaTeNn AABICH M

Haubonee xapakTeprHsl MoayderHsic SIIOPH! AABICHUR [IPUH
a=0°, a=45°, a=90° (puc. L.9). Ilpu ¢=0° dponr sommHm Ipo-
XORHN BRoJb 0cu O—O ¢o cTopoHbl MaKeTa AIMUHUCTPATHBHO-
o anaint. Kak suano us puc. 1.9, vanGonpinue papmenuy s
OTPAXCHUW BOZHMKIIM HA TIOBEPXHOCTU CTEHE MAKETA ANMUHU-
CTPATABHOTO 31aHMs (5), oOpaleHHOA K ygaplofl BomHe, a
TAKKE Ha DPOHTATBHON CTeHe 06CTpOKY PCAKTOPHOIO OTIE-
ICHIT (2), HE 3aKPBITOrO AMUHECTDATHBHELM 3Tanmem. Ha Ho-
BCPXHOCTAX  COOPYKCHHUW, MPWKPLITEIX  auMUHUCTPATHBHEIM
3MaHHECM, HATPY3KU OBUTI MeHBIMUMY Ha 10— 15%.
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1.1. O6wye ceepenms o Harpyske

TG0

Macinrat Harpysku i

o "™ —== npuoc=(0°
o m— == pn 2=45°

O 100 200 KHa LERRR TR LN PN TN | HDH a.:goo

Pgc. 1.9. Iniope maBneHmi B 3aBECHMOCTH OT OPHEHTALMIA [IAT
(bOPMEI K HampaBieHUo aRmxeHust BYB: 1 — TIOBOPOT
HAA ar@opMa; 2 — peakIopHoe OTICIeHue, 3 — ma
MIAHHBIE 3a;, 4 — FeHePaTOPHOE OTAEIEHME, 5 — anMu
HECTPATHBHOE 3natine [60]

O01as XapTHHa ABIDKCHYESE BOJIH MEXKITY 0OBEKTAMM OKA3a-
Tack BEChMA CAOKHON, 3aMCTHUM, 9TO 1IPHM PACCMOTPCIHUM XPO-
HOJIOT UM NEMCTEYIOMIEH HATPY3KH MOXKEO OTMETHTh MOMEHTEHI,
KOLAa napacHus Ha OOKOBBIX MM ThUIBHBIX MOBEPXHOCTAX Ma-
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[s1aa 1. SKCMEPUMEHTABHBIE UCCIELOBAKUS...

KCTOB COOpYXKEHMIX OB QOABITIMM, YEM HA dbpoHTaNLHEX, T

HaobopoT. CooTHOWEHWS BeTHINY JABJICHUM TONYYeHHEIS

HaMH BeCbMa pa3HOOODPA3HEL, IIO3TOMY UL IIPOCTOTEHL TIPEI-

CTaB/ICHM# O PACTIPEICTIEHUN HANPY30K W IS BBIOOPA HAWOO-

JICC HCBLITOAHOTO HAIPABICHUA B3PHIBA GBUIM TOCTPOCHB HH-

TCTPAIEHBIC 3MIIOPLI [1ABICH ML,

M3 mx paccmorperns CIenyer, YTo Ipu a=45° ApaKTU4ecKu

Ha BCCX CTPOUTEHBHBIX OOBEKTAX OT JMeiCTBUS BO3IVIIIHOHN

YAAPHOW BOJHBI BOSHHK/M HAIPY3KH, OMU3KHE 1O 3HAYCHISIM

K MakcnManeusM. Hpu =90° ocrosnasg Harpyska [IPUHIIACE

Ha MaKeT KPAKHEIO PeakTOPHOro OTOCTICHHS, COBMEITNCHHOIO ¢

MAlIWMHHEIM 32710M. 1lpm 3ToM gapmemnus Ha Makerax KOPIIyCOB,

CTOAIINX CIICMOM 110 XOTY BOMHEL, OEUIN MENLUTITVI Ha 20—40%.
M3 BeuneckazaHHoOTO MOXKHO CrenaTh CHCAYIOTTIMC BEIBOMRL

— CCIM pacCMaTpWBACTICS 3a444a O PACIIPENSNCINY HATPY30K
A/ COOPYKCHVH CTAHIIVM B HEJIOM, TO HAHOOIee HEBEIL O -
HBEIM MOXKHO CHMTaTh HarpaBneHue BYB o1 s3prma, opuen-
THPOBAHHOTO NOL yImoM a=45° otHocutenbno ocn O—0);

— CCJIH PacCMATPUBASTCA 3274%4 O pacHpeocTeUNd HATPY3KH
Ha COOPYAEHUC pCAKTOPHOIO OTACICHIS, TO B 3TOM CITyvae
HANOONBINAE HATPY3KH OT YIAPHOU BOAHDI BO3HUKHYT HA
MOBCPXHOCTAX HOPMATBHO OpPHECHTUPOBAHHEIX CTEH 06-
CTPONKH, TO ¢CThb IpU ¢=0° win mpu a=90°,

CBEOEHNA 0 HAIpY3KAX, MONYICHHBIE HA WECTKOM MakeTe,
OBUTI IPUHSTHL 34 OCHOBY M JTOIOTHE bl PE3YIBTATAME 3KCYC-
PUMCHTOB Ha JEQOPMUPYEMBIX MOTEILTY, BEIITOJHEHHEX B MAC-
mrrade 1:35.

11apamMeTpsl HAIPY30K M3MEpSITHCE MEMOpaHHBIMEU TIPe0n-
PA3OBATCIAMY TABTICHIA, DACTIONOXKECHHBIMH 110 XOAY [{PONBH-
KCHHsT BO3IYIIHOM YOAPHOM BOTHBI 1 HA TTOBCPYHOCTH KOHCT-
pyKuua mMonenu. 1lpeobpasosatenn masmenuii 60T pacrono-
AKCHEI TAKKC W BO BHYTPEHHIX 00BCMAX MONCIH IS perucTpa-
AW BOTH 3aTckams. Ha puc. 1.10 mokasana cxema mamepe-
HITU [AapaMerpoB HATPYSKH U OCHAIOTDAMMEL AABICHWH 8
TOYKAX U3MEPEHUIA,
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{.1. O6wpe cBengiua o narpyake

P(n)
e ﬁ ] * o T Py
o T«.n.a e £ e R N e
Y

A PN —AC—

P
MACTTITab P(n !
20107 ¢ , WA A
| | (1)

Puc. 1.10. Cxema m3Mepeanii u# OCIMLIOTPAMMEL HAMpY3IKH OT LUPOXO
nanie BYRB |8

KoHCTpyKIINA MORENU peakTOPHOrO OTIENeHU NPEnCTARNS -
€T cOOOI COUETAHNE TPOCTHIX [COMETPUIECKAX (POPM. YIHTEI-
Bast, 9TO KOHCTPVKTHBHLIE PEINEHUS pPEakTOPHOTO OTACIEHWS
ADC IpenycMarpuBarOT CYPOUTENLCTRO OTHESTBHO CTOSMINX 34-
LIUTHEIX 000/109€K 1 000A09EK, COBMEHICHEIHX ¢ 00CTpoRKoil,
PACCMOTPUM CHAYAJNA PC3YIABTATEI WCCACUOBAHWI HATDY3KM OT
BYB Ha rorepxiocTsx 00CTpONKN, siBBHOILEHCH IPpAMOYTONE-
HBIM TIapajineHenuienoM. 3aTeM IpuBeacM pe3yNbTaThl UCCIE -
NOBAHWIT JUTS 000JI0UKH.

Hcenenosanns npoBolIUINCh B PEAKTURHON yIapHoit rpyée,
B KOTOPOII IIAr PY3Ka CO30aBANACh HAlIPABJCHHBIM B3PBIBOM, Pe-
3YJABTATE, OKA3aHHBIE HA puc. .10, ronyuens npu P,=50 x1la
Ipu ckopociu Pponra D,=395 m/c. Bosnukinas mpu conpu-
KOCHOBCHHWH ¢ (PPOHTAIBHON TPAHBIO 0OCTpOMKH OTpa)eHHAd
BOJTHA B ABa pasa NPCBLICHIA JABISHYE HA PPOHTE IPOXOISIIEH
BoaHEBL. Ilo Mepe HpoasuxeHns poHTa BOJHLI BIONb KOHCT-
PYKIIKH OTPAKEIUIad BOJHA NepeTekacT ¢ (QpOHTAILHOM CTe1Ib
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[naga 1. SKCNEPUMEHTANILHAIE Meen EAOBAHMA. ..

Ha OOKOBBIC I'PAHU 1IApAIUTENCHUIENA, BHI3HIBASL HA bpoHTaIDs-
HOIL CTEHE paspsbKerus, gemy COOTBEICTBYHOT 34RAJIBI HA OC-
winorpamme QpoHTalsHOIO Npeobpasosarems:, Ha BEpXHET
TpaHW OOCTPOIiKI Jamnmerne yOBBaer 34 cler [OTEPU IHCPIUU
MPOABHIAIOWIECHC BOTHEL AHIN3 PE3YJIBTATOB IOKA3BLBAET,
9T0 II0 BBICOTE ODCTPOMKY NABICHIE HEIOCTOSHIIO | BO3PACTA-
CT K OCHOBAHWIO. DTOT TPaTHeHT OIpPEemesacTCs CKOPOCTBIO
yuapHOW BoMHEL Hpw VECIMUEHIN CKOPOCTHA HOTOKA pa3zHWIIa
AABICHHA Ha BEPXHEM Cpe3e OOCTPOMKHM U y €¢ OCHOBAHHS
VMEHBUIACTCH.

Hanure paswoctu pantenwii cozmaer IMOIBEMHYIO CHTY W
OTIPOKMIBIBAIOIIT MOMEHT B IIpotiecce obTekanmsa. B mporec-
CC 3ATCKAHMUSL BOJHbL 34 TBUIBHYIO Ipaiib BOZHUKAKT KPaTKO-
BpCMCHHDBIC BCIINCCKM AABACHUK 34 CUET CXIIOTIBIBAH L],

Ilo pesyasrataM HECKONBKIX OMBITOB MOCTPOCHBL WACAJIH -
SHPOBAHHEIC AITIOPbE JABNCHUH, IOKA3bIBAIOIINE XAPAKTCPHBIC
HIMCHCHNA HATPY3KH HA TOBCPXHOCTAX MONENH 110 MEpPE IIPO-
IOBIDKCHHsL DpoRnTa yaapHoil BosHEL. B kadecise IpUMEpa HA
prc. 1.11 nokasaHer naniisle OTHLITOB IIpy AP,=70 klTa.

CeCaocHMs, HONyHEeHHbME B MpoLecce 3KCLEPUMEHTOR, OnIII
OOOOIUEHBE M COTIOCTABICHE C M3BECTHBIMH pesynbraramu |3, 6,
10, 16]. Ins npakTHuecKux pacueTos WHTEpECHIB 0000IMeHHLIE
JIIOPEL JABICHUM, TIOCTPOCHHDBIC B 3aBUCUMOCTH OT BETHYMHEL
H TPONOTKMICTBHOCTU OEUCTBYIOINEH HAIPy3Ku, VUUTLIBAIO-
WA FEOMETPUYECKNE OCOOEHHOCTH HCCISIYEMOTO OOBEKTA.
Taxwe 31I0pHI 110KA3aHbI Ha pHC. [.12, oHu xopolo comacyioT-
CA C PC3YBTaTaMHU [IPOBCIEHHBIX JKCTTEPUMEHTOB.

Mcenenosanus Harpysku na oGosoukax B Maciirabe 1:150
HPOBENCHEI CHAYAIA HA KCCTKOM ITa0IoMe B NFAra30He NaBe-
it AP=27-75 xla. Tlpu a1oM dasa ckKaThs MIMEHDIACH B
npenenax [0—50 mc.

Pacematpusadg ropusosTansioe ceveHue, OTMETHM TOYKY
COTIPHKOCHOBEHIA (PpOHTA YIApHOH BOJSHBL ¢ IDUTHHIPOM. B
ITOM Chyuas Malas TUIOINalKA, PACIIONOKEHHAS B OKPECTHOCTH
OTMEUCHHOR TOYKM, B MOMEHT BCTPETM C (DPOHTOM BOJIHbB BOC-
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1.1, CGupe ceeeHnd o Harpyake

Macurrab HarpvakH

0.00 309 xI1a

Puc. LL11 Bmopbr aapneHusd Ha NOBREPXHOCTH Monenu, AP, =70 klla

OIPUHMMAET JABJICHHUE, COOTBETCTBYIOLICS JABACHUIO HA TLTO-
ckoi nicuoasrknoil nperpase. Hocae conpukocHoBeHMst PpoHT
BOJIITBL LEPCMCIIAICH TO ODONOUKE, 3aXBATHIBAL YIACTKHM HMO-
BEPX1IOCTH, PACIIOJICKEHHBIC YO YVITIOM K HAAPapJICHWID B -
XKYIICtica BoJiibl. C TCUCHMEM BPEMCHH BENHTUHA NABISHMS
U3MEHAJIACE TI0 HEKOTOPOMY 3aKOHY, COOTBETCTBYIOILECMY KBa-
3UCTALIMOHAPHOMY 0OTEKAHMIO BOTHBL, CACAYVIONICMY 3d CKay-
KOM YIUVIOTIICHK A,

WsmeHenue nasnenusd Ha Gporre BYB npusoamno x waMe-
HEHUIO ITOP HATPY3KH. s CPERHUX TIO BLITMUWHE HAIPY3IOK B
JMALIA30HE [IPUHSATBIX ABICHUNA FIOCTPOEHEI 3TIOPDI, TTOKAZAH -
Hbie Ha puc. 1.13, 3a epuuuuy wa puc. .13 TpyHATO MakcH-
MAJIBLIOC HABICIIME B OTPAXKEHHOU BOMHE.

Pcsynbrarsl 9KCIEPUMCHTOB HA XKECTKOM NIAONOHE OBIIN
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[aea 1. SKCMEPUMEHTANLHHIE WCCENOBAHKA...

AP,<50 kIla AP >100 xITa
1 ri’ !
O! Sa})/}) ! & PU;P O a SA qu : A POTD
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Prc. 1.12, Dmoprt nasnews na [IOBEPXHOCTH OOCTPOHKY B 3aBHCH
MOCTH OT nasleHn: ra poaTte BYRB

AONOHCHBL PE3YNBETATAMY, 11OITYICHHLIMU IIPU WCUBITAHMSX
KEME300CTOHHBIX MOACTEH 000IoueK ADC, BLIMONHCHHBIX B
Mactm1ade 1:50. Bein pacmmuper muanazon LIATPY30K, BepXHUH
HPERCH KOTOpEIX Coctasu A P,=280 xtla, IlpomonKurempiiocrs
(aspr CRa1Msa UIMEHANACD B IIpeneaax 2—10 1., 3nc¢h T, — 11au-
OOJIBIIH U3 IEPUOTOB COOCTBEHMLIY KoJieGanuit.

AHATU3 PE3YIbTATOB 110Ka3al, Yr0 U3MEHEHUC JaBAcHMI BO
BPEMEHN B Pase nudpakuuy MoxeT GhiTh OrPATIMICHO TPEMSI
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. 06 e CBeMlEHUA O HaTpyaKe

-1

|0,54

| 0,53

Puc. i.13. Pacnpenenerne BArpy3KM Mo TOBEPXHEOCTH XKECTKOIO IHaG-
noHa obonouky npw AP,=54 klla. JIBuxewwne ynapHO#
BOIHBL CACBA. 3HQYEHUA Ha 3III0PaX OTHECEHDE K JHABIERUIC
B OTpaxXeHuu | 3]

OTPE3KAMM, IPUIEM HAYANO HATPYXEHTS B TOUKE COIPUKOCHO-
BCHUA PPOHTA BOIHBI C OOOIOUKON ONPEIENETCS BpCMCHeM
ripuxona Qpoura. XapakTepHEe TapaMeTpsl OYHKIEMH HATPY3-
KH P(1) 3aBUCSTT OT KOOPTUHATEL TOUKM, PAIMEDPA 0OBEKTA 1 AaB-
nenry AP, DTH JairHele, a Takke KoaQOUIIMEHT AaBICHIS 10~
MOJTHATOTCA 3aBUCUMOCTSIMU OT YIAQ, TIOX KOTOPEM (POHT BOJI-
HBI BCTpedacrcs ¢ IHOperpagoii. Harpyska B dase KBasucra-
MHOHAPHOIO OOTEKAHMS TYPEACTABISACT CYMMY liapnenus P(t) u
CKOpOCTIIOTO HAOpa B BOJHS ¢ yIeTOM Koa(hDULIMEHTA NaARIC-
HUA C,,

Harpyskn, nefcrByionmie Ha o60a0uky B dase audpakimm,
PasBUBAIOTCs B TIPOIIECCE HAOETaHMA BOAHEL. Iloaromy Makcu-
MAJTBHBIE 3HAYCHMSI HATPY30K 3ama3IeBAlOT B 3aBUCUMOCTH OT
VAATCHUS TOUKY U3MEPEHIS OT TOYKYE BCTPEYH (PPOLITA BOJIHBL ¢
000n04KOok. AnurenbHocTh Pass [ paxkiiny T LT 000H0UYKH
WMEET IMMOPSAIOK:

z‘:fqz—@, K, =33, (1.9)
D,
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[naga 1. IKCHEPUMERTANBHBLIE CCNELOBARWA...

rae R — pagsyc NTHIAPHICCKON qacTu 00onoukn, D, — cKo-
pPOCTE TP OIBICKEHMS (hporTa Boanbl. Daza kBa3ucTalHOHAPHO-
ro O0TeKauWd UMeeT TIHTEIBHOCTh Mopsanka (gaser cxatus. B
TEPOIIECCE IKCIEPUMEHTOB HM3MEPEHHMA IIPOBOMMINCH HA T10-
BEPXHOCTH ODOJIOYKHM M B €€ OKPECTHOCTU HA PACCTOSHWH TPEX
OUAMETPOB IICpEN KOHCTPYKIIMEH ¥ 3a Hell. KapTtuHa B3anMmo-
OEWCTBUS [IMHHOM BOTHB ¢ 0DQIOUKQi BechbMa ¢ioxHa, K to-
MY K€ TIPH TPAHC3BYKOBBIX CKOPOCTIX CKOPOCTE MTOTOKA BOIM3H
TOBEPXHOCTH OOQJIOUKI H3MEHSETCA M MOXKET IIPEBBICUTL CKO-
POCTh 3BYKA. B 3TOM CAVYAe HA TOBEPXHOCTU BOZHHKAIOT CKA4-
KM YIUUTOTHEHMS, TIPABOIAIIUE K IMOBRITICHWIO COMTPOTHUBIISACMO-
CTH OOTEKAHUIO, YTO YCIIOKMIET 34ady M3MEPCHRNA Aas/IeHus
IIPU B3AUMONEHCTBHU BY B ¢ 060109K0ik.

JLnst uceiieayeMbix O0QNIOUEK, KAK U AJIH IapanaeseTTUIIeIOB,
MOCTPOCHBI ODOOIAIOUING 3IOPEl HATPY30K ¢ VHCIOM AMAIIG-
30HOB TaplleHUN Ha PPOHTE ymapHOi BOIHbBI, 3HAYCHUS qaBlie-
HUI Ha puc. 1.14 TaHE B COOTHOIICHUH K HABICHHIO HA (pOHTE
VIApHO BOIHE M K HABJICHIIO B OTPAKCHHONW BOJTHE HA TLIOC-
KOH mperpase.

Hpunsatere Ha puc. 1.12 1 1.14 mpomopriin MexXay BeIAYH-

ripE AP,<50 klla npu AP 100 klla
AP QB Ui’jAPumn
1.1A# 0,8AF,

0,9AP | U,SﬂPm
U,()AP s A P; U’S‘ﬁPﬂ"w
npu AP,>50 xlla mpa AP,>200 xTTa

Puc. 1.14, Sm0OpLI faBJIeHEH Ha OOBEpXNOCTH 1M HAPUYeCKol 0bo
JIOYKH B 3aBUCHMGCTH OT AaBIeHUA Ha ¢pporTe BVB
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1. 1. Obuiie cBeAeHMA 0 Harpyske

LMY TABICHHA HAa TIOBSPXHOCTH KOHCTPYKIHIT U JABICHUEM B
OTpaKEeRHON BoTHE ¥ Ha dporTe BYB monaydensl B BHIE mua-
tbaMM B CcTanuy THGpAKIIMK 1 OpH KBA3HCTAITMOHAPHOM QOTE -
kanum (puc. 1.15). Ha puc. 1.15 nyeEKTHpHOR IunHel 0003HAa-
UeHA 3aBHCUMOCIbh B Craguy NUGpaKITHKi, CILIOMHON — B CTa-
JIMK KBA3KHCLAUUOHAPHOTO O0TCKAHMA.,

Touyku pa mparpaMMe obo3HaueHBL IIC PE3YALTATAM OKCIIC-
PUMEHTOB. 3HAauyeH#s, O003HAUYCHHDBIC HE3AMTPUXOBAHHBIMHU
KBAApaTaMK, OIYyOIUMKOBAHK B KHHTE TION penakuvei B.A. Kot-
JipeBCKOoro [10] 1 aBIstoTesa CHPaBOYHRIMY JTAHHBIMH,

BO3MOXHOCTD MCIOAB30BAHNS CTATHUECKUX CXEM pacIpene-
JIeH¥d AUHAMWYECKAX HATPY30K 110 TTOBEPXHOCTH UCCIEAYEMOTO
COOPYKEHHA 3HAUMTEILHO VYIIPOIIAeT 3aJady pacderd. JTOT
HOAXON IITHPOKO HCHOIB3VETCS B MEDKCHEPHOH TIPAKTHKE pacue-
12 py TpaHchopMaIuy GOopMEL IMITYIIBCA pEATIBHON HATP V3K,
Ipy Hu1aMUgECKOM pacdeTe COOPYKEeHMA ICHCTBHATEILHBLE 3a-

APLV
‘ AP, -

AP &
1,0 |- AP-].z

¢

R

AP, klla

—~ t t »

50 100 150 200 250 300

Puc. 1.15. OTHOCHTCIBHEIC BCIWYANEL AaBICHAS B OrpaXCcHHOK BC3
AYLITHOW YAapIIOH BONHE Ha QPOoNTankloi npemane [8]
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Tnasa 1. SKCHEPUMEHTANGHKIE MCCIEROBAHWA...

a) 0) B)
P(ry (1) P
t £ t
CHN ! . 9 Of. 8, -
T - -

Puc. 1.16. 3aronb! H3MEHEHHS AMHAMITUECKOM HATPYIKM BO BPEME T

KOHBL H3MCHEHHA HATPY3OK BQO BPEMEHHM 3aMEHAIOT YIPOIIEH-
HbIMH, PACYETHRIMU. TaK, OCHIUIOIPAM MBI HAIDY3KHI B ITPOXO-
AAMIEN yAAPHOW BOIHE MOTYT ObITh MIPEACTABIEHEBL B BUAE TIPA-
MOYTOHIBHOU THATPAMMBI. 3aBUCHMOCTH, OHMUCHBAIOLIME MTHO-
BCHHO BO3pAacCTaloINUe, a 3aTeM yObiBAIOINUE HATPY3KHU BILILOB,
OPEUCIaBICHHLX Ha pWc. 1.16 a, 6, IpUMEHTIOT 11pu pacyere
KOHCTPYKIIM#M HA JEHCTBHE BO3NYIILLIX VIAPHEX BOMI {1poxo-
JUTIIHX U OTpaXeHHbiX). Harpyska ua (a) — aisa KONCTPYKLHH
TOKPHITHI 1 OOKOBBIX CICH COOPYXKEHVS, () — MIsl KOHCTPYK-
uui dpoHTanbHOHU crennl. Harpysxa, nuarpamMma xoTtopoit 1mo-
KazaHa Ha pwc. .16 B, npuHEMAeTCa O74 pacdera KOHCTPYK-
WH, HAXOUTI{AXCsT HA TBUIBHOM CTOPOHE COODYKEHHSI W B
3AMKHYTOM FIOMCILEIIMIE TpH 3aTEKAHWHA B 1CTO BOJIH Uepes3
IIpOeMEI [6].

[TpraEMay BO BHUMAHME BHITECKA3AHHOE, 3AMETHM, UTO
JULSA pacCMaTpUBAEMBIX TUTIOB COOPYKEHHIT B pacyerax [1a Jei-
CTBVC HATPY3KH OT BOJIHEL B3pbIBA OTIPABIAHO TIPUMEHEHWE VII-
pomeHHbIX auarpaMm. Hpu 3T1oM KaprrHa HATpY30K CTAHOBUT-
Cg DoJIce MONMHON NpH COOMOICIINY XPOHOJIOTHH MaB;ICHUI Ha
MIOBEPXHOCTH C YUETOM CKOPOCTH TIPONBIxKeHHsT ppoura BYB.
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1.2, Vienbiranis Xene300eToHHBX COCTaRHEX obomodeK Bpallleris...

1.2. SxcnepuMeHTanbHele HCCHNEAO0BAHKS
' XKeNe300eTOHHBIX COCTABHBIX 060N104eK BPaLeHUS
Ha AeNCTBUE BO3AYILUHON YA,apHOWR BOMHBLI

Bonpochl B3aUMOIEHCTBUA CIPOUTEIIBHBIX KOHCTPYKIIMA H
KpaTKOBPEMECHHEBIX JIMHAMUYECKUX HATPY30K OT YAAPHOM BOJI-
HBI B3pbIBA UMETOT BAKHOC IPAKTUYECKOE 3HadeHHe. Hawbonee
JIOCTOBEPHBIM. CIIOCOOOM ITONYUEHUsE MHMOPMATIAH O L1 PAMET-
PaxX HATPY3KKM U COCTCAHUN KOHCTPYKITMH TIpH B3PHIBE SBIIICT-
CsI BKCHEPVIMENT, YTO MPUBOIUT K HEOOXOLMMOCTH HpoBee-
HUA 3HAYHTCIBHOTO 00BbEMa MOC/IBEHbLIX UCITHITAHIHA.

PaccMOTpumM pe3ymbTaThl 3KCIEPUMELITANBHBIX HCCTEI0BA-
UM Keje300eTOHHBIX COCTaBHBIX 0DOIOYEK BpallEHHS TIpH
BICUTHEM JCHCTBHY YIAPHON BOJHBL B3pLIBA.

1.2.1. Konctpykuua mopeneit n
XapaKkTe PUCTUKKY MATEPHAROoB

Mogens zamutHol obomouky ADC npeacrapisier coboti
MOILOJUTHYIO KEJTE300CTOHHYIO COCTABHYIO O00JIOUKY Bpalie-
Hisl, KOHCTPYKTUBHO 3allTHTHAS 000J0YKA COCTOUT U3 BEPTH-
KILHO CTOAINICH 3aMKHYTOW UMITHMHAPUICCKOH 000TI0TKY Bpa-
HECHAST ¥ KYILOTBHOTO MOKPHITIS, MecTo compsikenus Kyoma
GO HEDTAIRLDOM YCHUTCHO CONpPATAIOINTM KQIBITOM KCCI'KQCTH.
Ocrosanye MILIMHIPA 3a4€AaH0 B OIOpHYIO mauTy. Ha puc.
.17 noxazaHa KOACTpYKIMS MCCHENYEMONM MONE/IM, BLITION-
nennon B Macurradbe 1:50. Hpx mBroTosreHmy Momseny GbUIH
COXPIATICHBL TCOMETPITICCK HE ITPOIIOPLIMH peallblioTO 00HEKTA.

C'rporo ToBOPS, MCCAEOVEMBIE ODOTOUKU HENB3g HA3BaTh
MONCHHME, T.K. OCHOBHOM CMbICT MOIEIMPOBAHNMA 3aKIH0YACT-
U3 1CTOM, 4TOOB! FI0 PE3YIBTATAM OILITOR ¢ MOACTAMI MOXHO
DG BB D HeOOXOAUMELE OTBETH 0 Xapakrepe H(PPexTos U
O PNt bIX BETHUMHAX, CBAZGHHRBIX C ABJICHUCM, B HATYPHDBIX
venonipx, Mexaauueckoe WM GU3NYECKOS TOXOOHE MOXKHO
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Tnaga 1. SKCTIEPYMEHTANLHBIE MCCTIEAOBAHS...

R=227

R=687

24 R —450

:

l 0,00

Prc. 1.17. KoHCTpyKumst 000404KY (pa3MePht A4HEL B MM )

—

paceMaTpuBaTL kak OOOOUIIEHME TeOMETPUYECKOrO MoNobuMs.
Ha mpaxruxe ke ycioBus, oBeciC4uBAOIIE TOIO0UC SIBIE-
HUA B UENIOM, 3a44CTYIO HE BBHITIQIHIIOTCS, W TOrIA BCTaeT BO-
IPOC O BEIMUNHE ITOIPEIIHOCTER (MaciuTabuom s dexre), Ko-
TOPBIE BO3HWKAIOT 1Py HIEPEHOCE HA HATYPY PE3V;ILTATOB, ITO-
JIVVIEHHRIX HAa MOJICTAX.

Ecnv MOOens ¥ HATYPHOE COOPYKEHIC BHIUTONHEHB! U3 O~
HAKOBOTO MAaTCpuana, W paspyileHUS OlpeNeideTcs 3HAUC-
HUSIMY MAKCHMAIBHBIX HANPAKEHMUi1, TO OYEBUAHG, 910 U MO-
ACHE U B HATYPHAA KOHCTPYKUMA B CTAAMM pa3pyiiciiksa OyayT
VCITBIIBIBATL ITOIOOHBIE COCTOSHIMN.

W3 Teopuu MogenupOBariusi U3BECTHO, YTO €C/M BEJMYKHbI
BHCINIIMX HATPY30K BETHKN, & COOCTBCHHLIN BEC KOHCTPYKIINH
Majl HaCTONBKO, UTO MM MOXK:HO IIPEHEOPEYD, TO IIpH MOJETIH-
pOBaHNY ¢ COXpaHEeHMEM CBOKCTB MATEPHANOB BHCIUHUE Ha-
IPY3KU HEOOXOIMMO M3MEIUrL TPOIMOPIHOHANLIO KBAOPary
JHHEHUUBIX pasMEPOB KOHCTpYKiua [17]. B1o mpakriuccki ge-
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1.2. VicbITanms Xene200eToMHkX COCTABHbIX odonouer BpalLeHus. ..

BO3MQXHO CUCHALP B YCIOBISIX PACCMATPHBACMOIO IKCIICPH-
MECHTA.

Taxkum o0pa3oM, pe3yibTarbl PACCMATPHBACMBIX 3KCIIEPH -
MCHTOB HE PACCYUMTAHDLI Ha MIEPECUCT 110KA3aTENe HA PCAJIbHBIC
COOPYKCHMSA. DTH PCIYABTATEL MOFYT OBITH HCITONL3OBAHBL AT
M3YUCHMSA KapTuHB aedopMallHi ¥ pa3pylleHHa 000JI0YCK
npu B3aumMmoleicTeun ¢ BYB, a takxe o GopMynvupoBKHI
PACUYETHBIX IPEANOCLUIOK U IIPOBCPEIL pe3yABTATOB TEOPETHYC-
CKHMX HCCITENOBAHIN.

Hrax, ob1rag BeIcoTa OOOIOTKU OT OMOPHO ILIMTHL paBHa
1090 MM, BAyTpeHHu®i nuaMeTp THHApIIecKoil uacti — 900
vy, Tommuia Creiky mpuHIpa — 24 MM, TONIIIHHA CTEHKU
Kymoaa — 22 MM.

Bcero Bbimonueno Tpu momenn. [Ipm M3roTOBICHM IIpu-
MCHAJICA ME¢CYAHBIA OeTOH ¢ OTHOLISTHEM KOMITOHEHTOB 110
macce 1:2,5:0,42 (uemeHT ; 1ecox : poga). Mcmons3yemslil 1ie-
COK MMEJI MOAYIL KPYITHOCTH tic doce 2,5, OnHoBpeMeHHO C
MOAETSIMY ObUIM M3TOTORIIEHA OCTOHHBIE TTPH3MEI, IO 6 IITYK
JUISL Kax oW Moaed. IIpu3MCHHAs IIpOYHOCTD Mepes MCIIbITa-
nusimMy cocrapmia R,=32.5 Mlla, HauansHBIN MONYIL YIIPYTO-
crv £=3,425-10° MIIa.

ApMHpOBAHUE MOACAEH FIPOBEAEHO TPEMA CIQAMU CETOK.
BiieiuHss 1 BHYTPEHHAS CETKM BBIIOJHIEIBL W3 OTOAKCHHONW
nposogokn guamerpoM 1 MM (¢,=290 MIIa, £=2,09-10" M1la).
()oC ceTRM (M 1A KyToaa, W sl pUIWHIPa) CACIaHBl ¢ g9ec
[ Ox 10 p,

CpenHui  Ca0il  apMHPOBAHMA  BBINOALICIL  #U3  XOJTOT-
Loy roi mpososoxkr amamerpoM 2,0 MM ¢ g,=774 Mlla,
12.0-10"MITa. B nuTHEIp HIECKOM TeJle AT CTepKHEN Cpejt-
I H CCTKH TTO OKPYKHOCTH paBeH |3 MM, IO BHICOTE HWINHApA

45 MM,

Cpeilisist cerka Hpyu apMUpORAHWHM KyITona Crejfana ¢ 1a-
Lont 39, 2x39 2 mm.

:aana0bHOE apMUPOBAHKAE OHOPHOIO KOJIbila KyIoaa FIpo-
BCHCTIO NCTRIPDMSL CTEPKHSAMU  BBICOKONPO4IION HPOBOIOKH
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[napa 1. IKCMEPUMEHTAILHBIE UCCNEROBAHMS...

IMaMeTpoM 6 MM. 1IOMMMO 3TOTO B pATHATBHOM H KOJIBbLEBOM
HanpaBIeHWAX HPOUECHT APMHPOBAHIA CPABHWICABHO ¢ apMU-
POBAHKCM LIMIMILAPA YBENWICH B aAra pasa. OuopHas mmra
0BOTOUKY BRIIOIHEHA «aDCONIOTHO» KECTKOMH,

1.2.2. MeToanKa NpoBeaEHUa 3KCNEPUMEHTOR

DKCTIEPHMEHTH IPOBOIMIHCE B PEaKTHBHON yIAPHOITL Tpy-
0e, TeHepupylowel MOZEFPOBAHHYIO BO3MYILHYIO YIAPHYIO
BOJIHy, MapaMCIpel KOTOPOU MOXHO H3MEHATH B IHHPOKHX
npeuemax (puc. 1.18). duanaszon nasrenuid wa dpoure BVB

KoHCTPYRIMA 000n0YKY Cxena HaTpy3KHu
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Prc. 1.18. CxeMa UCTIBITAHMI 1 IapaMeTphbr HarPpy3Ku
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1,2, VIGTILITaHNA KEeNe30HETOHHBX COCTABHEIX 0D0N0YEK BPAILEHNS. ..

w3Mersicst B mpenenax AP,=20-340 xIla, 1mpomo/KuleTh-
HOCTD hashl cxaTus 7,=20—300 mc.

[Mpeobpazopareiy MaBACHUN yCTAHABIUBANUCH TIO  XOITY
BYR Ha mMOBEPXHOCTH O0QHOYKH M B €€ OKPECTHOCTH, Xapak-
TEP BIAVMOIEHCTBHS BOJHBL M COOPYKEHHSI BO MLIOTOM 3aBH-
CeJl U OT COCTOIHMS KOHCTPYKUMHA, Tak, B C1y¥ae coXpaHCHUT
LUCTIOCTHOCTY  OTPAKIAIOUMX  KOHCTPYKUMH  MpOHCXOAMIIO
R3AMMOICHCTBHE COOPYKEHMA ¢ BHelHell warpyskoi. Paspy-
IHCHHAEC OTPAKAAIINX KOHCTPYKIIMA MIPUBOIIIIC K HATHETA-
HUIO BO BHYTPEHHLH 00beM COOPYKEHUA (MM CTO YacTH) BOJ-
HbL 3aTeKafldd, KOTOpAast BAMIA HA XapakTep IchOopMUMpoBa-
| (M4

H anpsokeHuo-AeGopMHEPOBAHHOE COCTOMHAC W KMHEMATH -
ECKME ITApaMETPRl  KOUCTPYKIUHA UCCIENOBANUCE BO BCEM
JMAITA30HE IIPOYHOCTIIBIX CROFICTB MAaTEpHAaA.

Harauxd IprOopOB paciionaralnch B TOIKAX XapaKTepHBIX
CCYCHMEE, BHISBICHHBIN TIYTEM MIPCIBAPUTEIBHOTO pacucia 000~
noaxd (puc. 1.19).

B mporecce IRCIEPHUMEHTOR ITPOBOIMINCL U3MCPCHHL TTa-
PAMETPOB BO3IYIIHON yHapHOH BOMHLI (IasieHue 1a QpoHTe
yNApHOH# BOMIHE AP, TABICHHC Pa3psLKEHUS AP, ., TIPOIOIKH-
[CIBHOCTD (raspl Cxkatus 7, dasel paspsekerus — ¢ ). Masmeps-
JMCh HAIPY3KY HA TOBEPXHOCTH A P(1) 1 BO BHYTPECHHEM 00be-
MC coopyakenus AL(Y) | BpeMa M30BITOYHOTO MABICIAsL U Pa3-
DsoKEHMs ¢, M ¢ . I M3MEpEHUS BEMHUYMH OTHOCHUTCIBHEBIX
scdhopMandit &) KCIOABIOBATUCH TCLI30pe3UCTOPHE. Tlepeme-
HICIEASL W perUCTPUPOBANNCE TTOCPEACTBOM PCOCTATHRIX HPO-
rHOOMEpOR. CKOPOCTH W ¥ YCROPEiMsi W U3MEPTUCD 1T0-
CPCACTBOM aKCCJIEpOMETpOB. JIBIDKEHHE TPEUlMIE OTIpeaeIsi-
N0OCH IO BPCMELIN cpabaThBaHUA MaTIHKOB paspsisa (7, }, yC-
FINOBIEHIBIX [10 MECTY COTIPSOKEHUS IIMIMHAPUYCCKONH TacTH
0bONIOUKKY ¢ ocHORaHMeM. I3MepeHUI B iepBuyirast 0opadoTKa
MYIGTATOB IPOBEACHB! ¢ WCIIOIB3OBAHHEM PErUCTPHPYIOLICH
JAPATYPbl, COBMEIICHHON C H3MEPUTE/IbHO-BB4UCIIATCTE-
M komiviekcoM., O6paboTKa pe3yiibraTob U3MEpPECHHN Ha
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lnaBa 1. IKCOEPUMEHTARLHLIE MCCNEAOBAHMS. .

i3, v, 1116, Vg
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H — nporudomep; ¥ — npeobpasorarens yexopeHnii:
T — tensopesucrop; P — matyuk paspoisa

Puc. 1.19. Cxema paccTaHoBKH Ipeodpalosareneii Ha 0BoNouKe

HBK mposeneHa no THIIOBBIM MpOTPAMMAM MaTeMaTHUCCKOrO
ODECIICyCHIIE.

O0mas morpenTHOCTS U3MCPCHMIT H ABTOMATH3MPOBAHHOIT
00paboTkit pesynsratos Ha UBK npu nose purcnbaoi REPOSIT-
HOCTH £=0,95 me TIpeBRIIANA 1S H3MEPSICMDIX HapaMeTpos:
aawnenusa 15%, yexoperit — 11,8%, 0THOCHTEILHBIX aedop-
Magnit — 14%, ckopocTent — 12%,

CnBITauns [1pOBOAKIUCS MPH TTOCICAIOBATETBHOM VBEJH-
TEHMM HATPY3KH. Bce KOHCIpYKLHU TOBEACHB 10 Pa3pylile-
H1 A, M3BECTHO, 9TO KAKIOMY CITYIAIO JTHAMITECKOI0 BO3ae-
CTBHA COOTBETCIBYCT ONPENCHCHHEIN XapakTep NBUWKeHWd W
nedopManmii KOHCTPYKIIHH.

HMcemenosanmd 1poBe/ieHbl Ut TPeX AUATA30HOB HATPY3KU
npet AP, =38-200 «TTa.

B mepsoM ouanazoHe Harpy3ok HCCHenoBANTHCH yIIpyrue
aedopMarmyu KoHCTpyKumii. Bo BIOPOM AMANHA30He HATPY3IKU
OBLTH YREJIIMYEHE), B PC3YIBTATE YCLO MOABWIMCH 3HAUHTETE-
HBIE OCTaTOUHEIC gedopmatni. M, HakoHern, B TpeTheM auarma-
30HE HATPY30K 00OTOUIKY OBLTY pa3pyIICHE.

Homns ynpyrax nedopMaimii mis xKene3o6eroHHbBIX KOLCT-
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1.2, MenblTaHmg XenesoBeToHHLIX GOCTaBHEX 0B0A04EK BpallieHus. .

PDYKITUH Y KPATKOBPEMEHHOM TUHAMUYECKOM HATPYXCHHU
noeruraer 20% ot npenenbHO BemarHb. Kak pasuao, 3Ke-
(YATAITAST OTBETCTBCIHHbIX M LOpOrOCTOSILMX COOpYXKeHT
HCKJIOTAET BO3MOMKHOCTS ITOSBIEHMS FLIACTHYECKUX Jedop-
Malit., MOXHO CUMTATh, YTO OICYTCTBHE IIACTHUYECKMX AC-
(popMaImi 00CCICUMBACTCH, €CIM [I0CHE ACHMCTBMA KpPaTKO-
BPCMEHHOM NHHAMMYECKOHR HATPY3KH B XEI1e300€TOHHON KOH-
CPPYKITAR OTCYTCIBYIOT TP,

1.2.3. Ynpyrue pedopmaunmn obonouex

Yupyrue pedopmanum 080I09€K HCCIEIOBATHNCH B AMANa-
1one nasaeHnit 3860 xl1a. CooTBeTCTBYIONTNE 3TMM NABRICHH-
sIM CKOPOCTH [BUXKeHUa GpoHTA yAapHOMH BOTHBI COCTABWIN
D,=370-380 wm/c. TIpw AP,=38 xIla narpyska sie Iipepbinaia
40% memwuuiubl, BbI3BABLICH HeoOpaTHMBIe XedOopMAallHy.
CkopoCTh mpojibiokenus GponTa Bonikl L,=370 m/c. mpo-
AOIKUTEIBHOCTD (ha3pl cxxaTud 7,=250 Mc.

Ilpu BeTpede Bo3ayImHON ynapHoit BosALL (BYB) ¢ 1060R0H

HOBEPXHOCTBIO UWIWHIPHYESCKOW vactin oDOAOUKHU BO3UIMKIIA
OTpakKCHHAA BoAHA. CKOpOCTh HapacTayus NARICHWS B 30HE
OTPHXKERBON BOTHEI cocTasita « =180 Mlla/c ¢ MakcuManb-
LM AaBIeHNUEM B orpaxeHMu 90 xlIla. HuarpaMmer narieHua
14 IIOBEPXHOCTY 00OIOUKHM 110Ka3alibt 11a puc. 1.20.
B ipomecce mudpakuun BOMHL B OONBIICH CTEIICHH IIPOsBH-
ANCh JedopMaud HRIHHIPHYECKON JacTH 0BOIQUKH, 0Opa-
HICHHOH K B3peIBY. Ha MoMeHT ckauka naBaeHWst B OTpaKeH-
1101 BOJIHE IMPakTUIECK OTCYTCTBORBAIH CMEICHIS KOHCTPYK -
MK, B TO BpeMd KaK BO3ZHUKIH 3HAYUTEILHLIC HEPErPy3KH,
OTOOPAXKAIONIHE MHEPITHOHHOCTh KOUCTPYKLIMN.

JUTSE (AT HHAPHUCCKIX IOBEPXIIOCTEM BpeMs aIeHA [aB-
JActiuvsl OTPAKCHUSt A0 IABICHUS TOPMOXeHWst (OOTeKaH¥A)
IMCCT MEHBIILYIO ITPOLOJLKUTEABHOCTE 110 CPABHEHUIO ¢ 00BeK-
FaMU TIPAMOYTOABHOM (GopMBl. OOTCKACMAs MOBEPXHOCTDH 1Ii-
NI APA CHILKACT BETMUHMHY 3T010 BpeMeHM 10 20%.
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[nzea 1. IKCNEFUMEHTANTSHBIE WCCHEJOBAHMA...
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Puac. 1.20. AnarpaMMbr JapieHust Ha IIOBEPXHOCTH ODCAQUKH: | —
nasicHue ra 1060BOH TIOBEPXHOCTYH, 2 — MARIEHHE B TIPO-
XOIANIEH BOMHE, 3 — AaBACITIE BO BHVIPDEHHEM OOBEMeE
obanoukn, AP, =38 klla

Bpems gpimxenust hporra BYB no nosepxHocTV 060,109KM
Lt wen—Dye/ Dy =0,9 31/370 M/¢=0,0025 ¢ (D,, — nuamerp WpUInA-
IPHYCCKON TaCTH 0bosoukH, D, — ckopocTs bponTa BY B).

C HacTyIUIeHMeM KBA3UCTAUHOHApHOTO 00TCKaHUS HaYa-
JOCh JBMDKEHWE 000NI04KM TI0 CXeMe W30THVIOH KOHCOomN.
Haubonemne aMImInTyos HAGTIOIATHCE BO BTOPOM UHKIE KO-
mebarvit, Oyesuyilo, I0ocie TMPOXOXAEHUA Bropoil dasosoi
TOYKM KOAeHanuii [IPOM30ULIO HALOKEHUE YIIPYIOro oTHopa
000IOYKY H BIICLUHEW CABHTAIONIEN CMIIbL, B PE3YILTATE UCTO
AMITTATYART TIEPCMELICHEH BTOPOTO TIMKJA KOMEeOAHWIT TIoiLy-
YIich HaubonswuMu. Komebawust B mpouecce obTeKaHUs
OCYNIECTBUIUCEh  OTHOCUTEJIBHO CMCIUEHHOTO VPOBHH, BbI-
3BAHHOFO ACHCTBHEM CKOPOCTHOTO HAIIOPA. CABMTAIONIAN CUJIIA
KOTOPOI'O IPEITCTBOBATA PACKAYUBAHMIO KOHCTPYKLMM TIP¥
JAHHBIX COOTHOWCHUSIX Y4CTOTHLIX XAPAKTEPUCTHUK HAIPY3KM K
oborouku. Ha puc. 1.2]1 mokazansl gparpaMMbl OTHOCHTCI b-
HEIX ICPCMEUICHUM, OTPAKAIOUIUC OCHEN0BATETHFHOCTD VIIPY-
IVX JRWXKECHUH W SBASIOIINCCT PC3yIbTATOM HATOXKCHMSI JT0-
KaTbHLIX M 00LIKEX GopM gedopMalli 060T0YKY.
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1.2, MenpiTarms Xenie300eToHHbIX GOGTaBHKX 000N04eK BPALLEHUS. .
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Puc, 1.21. JInarpaMMET IIepEMENIEHUH BO BPEMEHHT: W — IIepeMelle-
1Te, NOPMATBHOR K CPEIMHHON NOBEPXHOCTH ODOJIOHKH,
h — TONIMMHA CTeHKH 00010uKH, AL, =38 klla

JOnOuBUTENbHBIC UPCIHCTABACHUS O ABMDKCHHH 00O0MOUYKH
JAIOT aKCeNepoTrpaMMEl, ITOAVUCHHBIC B TEX K& TOUKAX, YTO U
s epeMelleduit (prc. 1.22). Hanbouee mosaTiiMBast CTeHkKa
HMIMHApa (ToUKa 1), Iporudasick 110 X0y BOJHEL HA HPOTIXKE-
Y TIEPWOTA, HCOLITHIBATE BHCOKOTACTOTHEIE KORCOaus, JIo
COOTBETCTBYET B OCHORHOM JIOKANbHBIM JEPOPMALIMAM CTCHKIL
nMImMHIpa, obpanleHHo# K BonaHe. llocne dero OBIDKeHMs ¢t
cranu doJiee TapMOHWYIHBIMK, OTPaxXas B OCHOBHOM 0O0ue
JpopMs kouebaii. JluarpaMma yCKOpPEeHHT Be pxHe TouKu 2 B
OONBIIEHT CTETEHH ONPEIeNAIaACh ABMEKEHUEM 0D0JI0YKM KIK
CJIOTO, B CTETIeNE BIMSTHUS JIOKATBHBIX KOaeOaHUH MIWIHHIP
V1CCh MEHee 3HAYMTEAbHd, YCKOPCHUSI TOYKW 3 BO3ZHUKINU C
HCKOTOPDbIM CABHUIOM BO BPCMCHIE, OHI}G}IBHGHHEIM HHEPITIOH-
HOCTBI0 KOHCTPYKIME. [paekTopus ee IBMXKEHWs OmpeResul-
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Taea 1. SKCTIEPUMEHTATIBHBIE MCCNENOBAHUSL...
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Puc. 1.22. TnarpaMmsl yekopeHuit, AP,=38 klla

mack 00IMME hopMaMu KojicbaHult ¢ He3HATHTE TBEBIM HATO-
JKEHHEM BHICOKHUX TACTOT.

Huarpamyer MepuanadyuIx JeQopMatui KOIsREeB0TO ceve-
HUSA 000JIOUKH 110 MECTY CC CONPSLKCHUM ¢ ONOPHOI TUTATOM
IIpUBEHeHBl HA pHC. 1.23.

CpaBHeHUE pMaArpaMM ITOKA3BIBACT, YTO NpCobaalaiOunMI
ABAAIOTCA OONEE 1TpOCIhIC TPACKTOPHY IBIDKEHHS, W CTelleHDb
BITUAHWS JOKATHHBIX MeQOpMALKil OPpM TaHHOM YPOBHE Ha-
TPY3KHY AE3(AYMTENDLIA.

lpn AP,=60 klITa (puc. 1.24) IpOW30TIIT 3aMETHLIC H3Me-
HEHWA B TORCASHUM KOJEOIIOWICHEH CHUCTEMBL, 0COOSHHO B
IepBOM DUKIE KOJedaHWii. boibICcih HATPY3KE COOTBETCTRO-
BaJT OONBHIMI UMIIYILC OTPAXKCITHON BOIHGLI ¥ YVBEIHTIEHHAd
CHBUTAIOLIag CHIA CKOPOCTHOTO nariopa. CHavdana B OCHOBHOM
OpOABUIIVCE JTOKABLIIBIC eDOPMAUME CTEHKH LATHHAPA, 00-
palreHHo K sonue. Ilnomans okaneusx nedOpMAIHi Ha 10~
GOBOI MOBEPXHOCTH COCTABAHA OKOJIO YETBEPTU TIOBEPXHOCTH
UWWARHPA. MaKkCUMAanbbIe CMEILCHWS [TOSBIUILCE B TIEPBOM
nukire konebanuir, Hocne yero B cranuu KpasmcTannoHapHOTO
OOTEKAHWS KOMeOaHWA POHCXOTUIH OTHOCUTEIBHO CMENTEH-
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1.2, Mcnumanus xenasofeToHHbX COLTABHLIX 0B0NOUEK BPALLEHWS. ..
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Puc. 1.23. Mcpuinaaasie nedopMailid HAXHETO KOJbUEROIO CeYe-
HHUS LUTHHAPAUECKOH obonouku, AP, =38 klla
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Puc. 1.24, JuarpaMMel JaBICHHS HA TOBEPXHOCTHU OQ0NQYKM: | -
nansneHye Ha noOOBOH NOBRCPXHOCTH, 2 — JABJEHUE B IINO-
XORAINEH BOSHE. 3 — HARJIEHWE BO BHYTREHHEM OO0BeMeE
oboroukn, AP, =60 klla

HOTO VPOBHS H UMCETH CJIOXHBIE dopmel. Lipu 310M rHUXHENR
YACTOTE COOTBETCTBOBAIH KOJAeOAHUS, OXBATHIBAOIIHE BCIO
060M04Ky. MAIS IUBOCTpAllk AaHHbIX 3aKOIIOMEpHOCTEH HaA
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[naga 1, SKCIEPAMEHTATIbHRIE MCCAEIOBAHMA...
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Puc. 1.25. Juarpamvpl TepeMeIneHuil BO BpeMEHH: W — [CpeMeLie-
HUE, HOPMAARIIOE K CPpeIrlIHOH TIOREpPXHOCTH 0O00J0YKH;
/t — TOALIHHA CTEHKM 000101k, AP =6() x[1a

puc., 1.25 npHBeacHBI OTHOCHTENBHBIC HEpeMEINeHIT Xapak-
TEPHBIX TOUEK KOHCTPYKIIMM, 4 TAICKE IOKA3aHA KpHBas MEpH-
DAALELIX JICPOPMALIMA CPEIMITHOIO CHOsl 0O0NOUKI, H3Me-
PEHHA B HIKHEM KOJLIEBOM CeYeHMM UMInHIpa (puc. 1,26).

£, %o

0,3

0.0

0,3

0.6

Puc. 1.26. lmuarpamMma OTHOCHTENBHBIX AehopMaldi CpeAuMHEHON HOo-
BEpPXHOCTH B OCHOBAHMHM URIMHIPHYECKON OB0MOUKH,
AP,=60 klla
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1.2, McnuTaHng xenes3ofeToHEEX COCTARHbLIX 0D0MACUEK BpaLUgHus. ..

BenauHbl OTHOCUTENBHAIX TeOPMAITMI ITONYIEHDLL BLIMMCIIC-
HAeM TTOTYCYMMEL JeOopManuii BIYyFpeHHEH ¥ BHETTHEH IO~
BEPXHOCTEH 000MOgK U,

1.2.4. ¥Ynpyro-nnactu4eckue fedopmaumun
¥ paspywetune obonovek

Yripyro-miactaueckue aehopMaliu 000a0uCK ObUIW 3ape-
[MCTPUPOBAHDI B quanasoHe asienuid AP,=112-190 xITa.

Hpu AP=112 klla (crkopocTh (Gpoirra BOJHBL COCTABUIA
450 M/c, LIPOROIDKUTEARHOCTD (haszel Cxarust — 300 Mmc, nasme-
HHUe B OTpaXeHHOHU somHe AP, =250 xila, puc. 1.27) mosisu-
JACH TPEIIMHEl B GETOHE U ruactudeckue aedopManin B ap-
mvartype. Kax u B cryyac Manuix HATPY30K, B HaYaIbHDbIA MO-
MEHT BpeMeHH HaMOOJIbLINE CKOPOCTH HEpEMENTeH U TIOmyYu-
W CpeTHWE TOUKH [IMTUHAPWIECKOW YACTH, 34T€M HAYAAMChH
KO:1¢HaHNa 000I0TKI MO XOIY BOJHBI, BTO IPUBEIO K PACTs-
JKEHWIO TIEpETHEN CTCHKU NWIMHIPA, 9T0 3aMEATII0 CKOPOCTH
TOYEK 00PA30BABIISHCH BMATHHB W3 TIIIOCKOCTIH,

klfa — —-
’ |
200 — t *f 2
T A N
\ “‘Wv—«m%,
100“ - e ™ e T T - - — -
..-rl l!l,
0,0 =5 =
3

| | | | - 1
0 20 40 60 ]0) 100 !, MC

Prc. 1.27. IMarpaMMel  DaBJICHUA Ha TOBEPXHOCTE  OOONOYKH:
1 — narIeHuc Ha JIOOORCH IMOBEPXHOCTH 2 — JanjievHe B
IPOXONANIEH BOAHE, 3 — HaBiICHUE BO BHYTPEHHEM Q00BEME
obosovkm, AP, =112 kla
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[naga 1. 3KCHEPMMEHTMIbHI:IE_HQCJ'!E,[I,OBAHMﬂ...

JefUTBRE OTPOKCHHON BOJHEL BbI3BAI0 KPATKORPEMEHELOC
CMEIIEHNE HEIAIPYXKEHHOW TbL1bHOW CTEHKHM I[MHINPA Ha-
BCTpeuy Boade. Bo3nnkne npu 31oM AeopManny pacTsoKe-
HHA OBUTH HEIHAYHTENSHRIMU 110 BETUYMHE Y PA3BUBATHCEH CO
ckopocrbio 0,3—0,4 ¢ Ihactraeckme TedopMariy BO3HITKIN
PV HOBTOPHOM OTKITOHCHUMK 000JIOUKH TIO X0y BOJHEL, M 00-
DA30BATTUCH TPEIIHHLI B OETOHE IO MCCTY COIIPSKEHUST M-
JPWHECKON 9aCTU ¢ OCHOBAHMEM, a TAKXKe HAKJIOHMHLIE TPENIH-
HBI Hd DOKOBBIX IOBEPXHOCTIX MUH/Apa. CHUIKEHE KeCTKO-
CTH BbI3BWIO YBEIWYECHHE IIEPHOJ0B KONEOAHMN 10 HITKHHM
qactoraM. OCTaTouHbIE LLPOIUGH GLUTH MarLouyBCTBUTEIBHEI K
M3MEHEHWIO HATpY3KkK £(1) IIpw ee yorBanuu (puc. 1.28).

Paspyrucune 060I04EK 1IpoBEAeHO NTpPU HAIPY3KAX AP,=
= 190280 xIla. Iepsan 06010uka ObITA paszpylieda TIPK M0-
CHEOOBATENBHOM VBSIMYEHUN AaBaeHET Ha (Gpoure BYB mo
AP =190 klla. B cramun jaudpakiimn MaKCUMAIGHBIE CMerme-
HHEA HOMYyYiiId 1000Bas OBEPXHOCTh HIIUMHIPDHISCKOH YaCTH
obonouku. C passurruem medropMariii 1€ peMeIIeHIs! BEPXHUX

w/h :
0,4
0,2
0,0
0.9 ity —----- 3
M2 ---- 14
[ I I I

0 20 40) 60 RO 100 £, MC

Puc. 1.28. [InarpaMMer UcpeMenIeHMIT BO BPCMEHU: W — nepeMerte-
HAE, HOPMAaIbHOE K CPeAMHIIOH TOBEpXHOCTH O00I0YKY;
A — TONIIIHA CTEKH OOONOYKH., AP =112«I]a
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1.2. Mcnoimahya Xene3o0eToHKEN COCTABHBR 000M104EX BPalLEeHUa. ..

TOYEK ODOMOYKHY B MEPBOM LHKIE KONEOAHWN CTaNW HAHOOIh-
WM 1 coctasmy 0,6 ToMmupHE cTeHku obomoyri, [loche-
OVIOIIHE TPH HHUKTA KONEOAHMN NPOHCXOIUINA OTHOCUTEILHO
CMEUIEHHOrO YPOBHA, OTBEYAIOIUETO HAKIOHY O0OOJOYKM IT0
HAYPABJICHUIO HBMKCNWS BOMMIbL, QueBUIHO, B DTOT IIepUOA
MPOMCXOIIIO dKTMBHOC PACKPLITHE TpelliH. KecTkocTh 060-
JOYKY B 1LIeJIOM CHHM3WJIACK, BCICNCTBHE UETO AMITIMTYIH MO-
CARMVIOUIMX KOMeOaHM YMEHLUIMINCh N0 CPpABHCHHIO ¢ IIep-
BBIM Ha 15—20%.

ITorenerre 060MOUECK TIPW HAIPY3KaX, 3HAYUTEIBNO IIpe-
BLIITEIOITMX HECVIIVIO CHOCOOHOCTh, MCCHEN0BANOCH B IBYX
oftkrTax. B mepsoM ITargeHye Ha QPOHTC VAAPHOM BOMLHbBL CO-
crapuno AP,=220 kila, po BTopoM AP =280 xlla. JuarpaMmel
HATPY30K, II0Ka3aHHEBIE HA pHC. 1.29, COOTBETCTBYIOT Mi3MeHe-
HMK JaBASHUS B OTpaKeHHo# Bonse (1) ¥ napnedust Ha GpoH-
Te npoxomament soaunt (2). Uudpoii 3 0603Ha4eHO U3MEHEHHE
AABJICHHS BO BHYTPEHHEM 006BheME ODOIOYKA.

klla I
1
_l Ily.',l I,Lﬁ;"%"\w#’ “\‘A“‘Mmi oy ./'{
200 TS - i
_JEI _ e ny,
O,U __FL—_E—'T_
3

R Y I I
00 20 40 60 80 100 1 mMcC
Puc. 1.29. [TuarpaMmbl DaBNCHKWS HA HOBEPXHOCTU ODONOUKM: | -
namnenune na 7000BOM TOBEPXHOCTH, 2 — [aBleRde B IPO-

XOJSIIEH BOIHE, 3 — JABICHME BO BHYTDPEHHEM 00BEME
oBoiouky, AP,=220 «Ila
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Tnaga 1. OKCTIEPUMEHTATTbHbLE MOCTENOBAHIA...
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Puc. [.30. JuarpaMMbl TIepeMeIneHri BO BpeMEHM: W — TICPCMELe—
HME, HOpMAIBHOE K CPEAUMHHON [OOREPXHOCTH 00G0NOYKH;
f — ToNIMHA cTeHKu obomouky, AL, =220 xl1a
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Puc. 1,31, JlrarpaMMbl  QTHOCHTENBHEIX Hedopmanuii  1pn
AP¢=220 kIla



f.2. VcAbITaHMS Xene306eTOHKEIX COCTABHEIX OBOROYEK BpaLIeHK. .

Tlpw aeficTBUH YAAPHOIT BOAHLI ¢ paslIeHMCeM 11a (poHTE
220 xTla 060s09Ka COBEpIIHIa OogHO Kojebadue (puc. 1.30),
MOCIIe 9ero PA3pYIIIIACh. Kak BUTHO o puarpaMmmam oTHoCH-
TCUBHRTX pedopmatvii (puc. 1.31), B mpomecce paspyLleHUs
AMeTT MECTO U3TUOHBIE gedopMAariin.

Bo sropoM onwite npu AP,=280 klla 0607109Ka COBEPITIANTA
IONHBIH HuKn Konebaduin (puc. 1.32). B crazun mudpakiumnu
medopMauHi M3MeHsInes 8 npeuenax 0,80—1,2%o (puc. 1.33).
Paspvinesue TIPoU30IiIIO B IIPOLIECCE HEYCTAHOBMBILETOCs 00-
TCKANMS B pe3yabTare IMOSBAeHES TPEIIHH 110 MeCTY COIIPsKE-
LUAST HITTHHIPA ¢ OCHOBAHUEM U HA [TOBEPXHOCTU, OOpAIICHHOM
K Haberalomen soaHe,

C pasBUTHEM TPEIMUH CXKATAS YACTH KOABLEBOTO CEUEHUM
HedopMUpOBaANach CO 3HAUYUTEIBHOM ckopocThio. Tak, cxo-
pocTh dedopMalvii BHENIHErD CKATOIO BOTOKHA CTEHKU 000-
I0ovKU Jocturng 1,56 ¢, ckopocTs mehopMaiit BHYTpEHHEH
nosepxaocT — 0,74 ¢, TlpenenpHHe 3Havenus gedopMaiyi

w/h
1L
cnessneasnes [12
0,80 = f . WX
P I3
ok = m H4
(.40
0.0 i‘
0.20 ‘

[ !
00 20 4f) 60 80 100 £, MC

Puc. 1.32, JuarpaMMbl IepeMeIeHdi BO RpEMEHU: W — TIRPEMEIIEe-
HIE, HOPMAaTBHOS K CPEeNMHHCH TOBEPXHOCTM O00JOYKIM,
i — TOTUIMHA CTEHKH 000IOYKA, AP, = 280 xI1a

-
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Inasa 1. SKCMEPUMEHTANEHLIE UCCITENOBAHKS...
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Pric. 1.33. JluarpaMmbl OTHOCUTENBHEIX JeOpPMaLyi IpH
AP=280 klla

ckaTust OeroHa nocTurn 4,3%e. 1lociie yero npoH3oLuIo pas-
IpolneHue cxatoro GeTona m paspeis apmarypsl. O0oouka
OLUIa COPBAHA ¢ OCHOBAHM BOJAYUIHEIM IIOTOKOM.

1.2.5. ®opmbl paspylueHna o6onoyek oT gencreus
BO3AYLLIHOW YBapHOW BOJHbI

PaspylueHHele 000709KH nokazadbl Ha puc. 1.34 u 1.35.
PaspyiieHnsi BKIIOYAIOT 00pa30Banie HAKIONHLIX TPEIIMH HA
OOKOBBIX IMOBEPXHOCTSIX O0ONOUYEK, 4 TAKKE IOSIBICHME KOb-
LEBOM TPEIFHEL YIO MECTY COIPSDKEHUS UMW TUHIPUIeCKON ac-
T O0OJIOYKU ¢ OcHOBaHueM. ITpm momHoM paspylieHuy nep-
BOM M BTOpO# O0OJOUEK TIPOU3OMINO HMX ONPOKUILIBAHHE U
COBMI CXarToil 30HBL 0€TOHA UMWIMHAPHYECKOW ODOMOYKHN ITO
MECTY COIIPSDKEHN ¢ OCHOBaHMeM (puc. 1.35 6).

AHanu3 pe3ynbTaroB 3KCHEPUMEHTOB ITOKA3aJl, YTO C yBe-
JIMYEHUEM JABJCHUS M CKOPOCTH HAIPY3KK  JTOBEICHUE
KOHCTPYKLIUY Ka4YeCTBEHHO W3MEHSUIOCH. LIpH 3TOM M3MEIHE-
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1.2. McnbimaHus xene3o6eToHHBIX COCTABHBIX 000N0YeK BPaLLeHUH. ..

Puc. 1.35. ®parment paspyiieHHOH 000noukn: a) 60KoBad IOBEpX-

HOCTDL UMAWHApa o0oynouky Nel; 6) omopHas minTa 000-
JTOouRY Ne2

JMCH M KOJNWYECTBEHHBIE ITOKazarenu. Tak, Haubonpliue Ie-
peMeINeHUsI, YCKOpeHUs U JiepopManuy BOHUKAIM B 3aBUCH-
MOCTH OT COOTHOUICHUM YACTOTHBIX MAPAMCTPOB KOHCTPYKITMIA
u Harpy3ku. Tpw Manerx Harpy3kax MakCHUMaJIbIIbIe CMELEeHUA
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Inapa 1. SKCMEPUMEHTATbHEIE UCCNEOOBAHUS...

OBLIU 3apEruCTPUPOBAHEL BO BTOPOM LIUKJIE. B CTamum ympyro-
IUIACTHYIECKOTO JIeOpPMUPOBAHUS HaubombIne gedopMaLiiy
HaOMIOAATUCH B IICPBOM 1IMKIIE, 4 pa3pylIeHHe IIPOU30ILIIO BO
BTOpOH ¢rasze nepBoro LukKiIa xonedanwuii. Beinenss nokajibHbE
1 ob1re hOpMEBL JIBUKEHMS, C JOCTATOYHOI TOYHOCTHIO MOX-
HO OOOCHOBATh PACUCTHEIC CXeMBI KOHCTPYKIIMI 1pU MHXE-
HEPHOM OLIEHKE MX HECYIIEM CTIOCOOHOCTHU.

Ouesnmio, B nponecce B3aMMOJICHCTBISL C YIAPHON BOIHOM
W B CTaAMM YIIPYTO TUTACTUYECKOro Ac(OpMUPOBAHUS, ¥ HPH
pas3pylIeHu nuarpaMMa COIPOTUBICHUSI MOXKET OBITh TIpes-
CTaBJICHA 3aBUCUMOCTRIO, B KOTOPOI BETBH BO3PaCTAIOUINX Ha-
OPSDKEHUH CMEHAIOTCH PASIMYIHBEIMU 110 YPOBHIO pasrpy3KaMu
¥ HAa00OPOT.

Cratrdeckuil aniaaus IHArpaMMBl COTIPOTUBIIEHMS. KENE30-
OeToHa ¢ pasrpy3koil |7] Moxer ObITH TTONOXEH B OCHOBY JiM-
HAMHMICCKOLIO pacyera ¢ UCMOIb30BAHWEM MOIETM MCH3MILI-
THna [], 4ro, Mo HAMEMy MHEHMIO, LIAU00/ICe LOCTOBEPHO OT-
pasKaer JMHAMMKY HAIpsDKEHHO-AeOPMUPOBAIIIION0 COCTOS -
HUST FICCHENYCMO OOOJIOYKHU B TIPOLIECCE JIBIDKEHMSsI, Oyib TO
VIIPYTUE KOJNEOAHUS WIN OBIKECHECE B IIPOLICCCE PA3PYLUCHUSI.

ITo pesyinpraTamM DKCIHEPUMEHTOB NI OOOCHOBAHUSL pac-
YETHBIX ¢xeM MeTona K MOXHO BBIIEIHUTD TPU CXEMBI TPEILIM-

Cxema 1 Cxema 2 Cxema 3

/:\Y /!\Y
! !

Puc. 1.36. Cxemul 00paz0BaHus] TPEIINH B CTEHE 0OQITOUKH
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1.3. SxkcnepyMeHTANbHBIE UCCNEN0BaNIS MOAEREA. ..

HOOOPA30BaHUSI TUTOCKOTO 3JIEMCHTA, IIOKA3aHHEBIE Ha pHC.
1.36.

IlepBast cxema YIMTHIBACT 1IOSBICHUE CKBO3HOW HAKITOHHOM
TpelwuHbL. BTropasi cxeMa COOTBETCTBYET ITOSBICHWIO IBYX IIe-
pexpernuparommnxcst Tpemmd. CoracHo TPeTbeil cxeme, 1po-
MCXOMUT pasiipobieHre 6eToHa OT BCECTOPOHHEIO CXATHS.

1.3. JKkcnepumeHTanbHbie UCCNeA0BaHNS
Mogeneil peakropHoro oraencHust AAC Ha pelicTeue
BO3AYILUHON YAapHOA BOMHDI

1Ipobitenma pacuera v TPOCKTHUPOBAHUS TIPOCTPAHCTBEHHDBIX
COOPYKEHMIT Ha aBapUWHKIC HAIPY3KU B TCYCHUE psiia JIeT SIB-
JHIETCA BECHMA aKTYATBHOW. ABapHM B Pe3yNLTaTe B3PHBA MO-
YT BBI3BATHh 3HATUTENBHBIC Pa3pyIICHUs U IPUBECTH K OOIb-
IIHM MaTepUaTbHBIM IOTEPsIM. T eCTUpOBaHNE aBaAPUITHEIX CH-
TYaLUUN 719 OPOTOCTOSIIINX OOBEKTOB JAET BO3MOXKHOCTE Ipe-
JYyCMOTPETH MOCNEACTBUS ABAPUM U pa3padboTaTh MEPOPHUITHSI
[0 UX YCTPAHEHHIO.

TpebGopanma dezomacHocTy padoThl ADC NPUBOIAT K HEOO-
XONVIMOCTH yYeTa psifa CHCHUAILHEX JHHAMWUEeCKX HAlPy30K
1 BO3NEWCTBUM, BKIIOYasl 3eMETPSCEHWE, yiap Uamaloilero
JIETATENBHOTO allliapaTtd, yAapHyIO0 BOJIHY B3phiBa 1 Ap. K Ha-
CTOSIIEMY BPEMCHM JOCTATOYHO TIOAPOOHO PACCMOTPEHLI BO-
IPOCH! TIPOIHOCTU KENEIOOETOHHBIX KOHCTPYKIUA HA IeiCT-
BIHE CTATUYECKUX HATPY30K. B Meirblreil CTEmeHH pa3peiieHbl
3afMaqil 1a JeMCTBUE PaCIIPEeNeIeHHBIX MUHAaMUYCCKUX HArpy-
30K YAAaPHOU BOJHBI B3PHIBA M YIAPILbX HAIPY3OK OT JIETSHIEr0
OpeaMETa.

Hccneaopanyda coopyxkeHUH Ha JeiCIBUE aBApUITHBIX -
HAMUYECKUX HATPY30K CES3aHBL C Pa3peIleHUEM psiga BOIIPO-
COB, KaCarOIMXCs OIPENEICHMS ITapaMeTPOB HATPY3KHW U COO-
CTBEHHO JMHAMUYECKUX CBOMCTB OOLEeKTa. PelieH1ist, orcHu-
BAIOLIWE MUHAMUYECKIE CBOWCTBA COOPYKEHHSA, HAPSY C 3a-
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masa 1. 3KCNEPUMEHTANIBHBIE WCCNELOBAHKS...

Ja4ed IPOYHOCTH UMEIOT CaMOCTOATENbHOE 3HaveHuce. Ha-
IPUMEP, KOTAa HATPY3KW WK IICKOTOPas UX [1OCHed0BATE h-
HOCTh HE BBHI3LIBAIOT PA3PYHICHHMM, a SBISIOTCS ITPHUMHOMN
YPE3MEPHBIX CMEEHMI WIH YCKOPEHUA, CITOCOOHBIX BBI3BATH
TEXHOJIOTMYECKUE aBAPUU M BCIEACTBHUE ITOTO BHIBECTH COOPY-
SKEHME W3 CIPOsL.

1.3.1. Metoguka npoBepeHUs aKCNeprMeHTa

PeaxtopHoe otmeneHue mpeacrassisieT coOOi YHUKATBHOE
COOPYXKEHHE, B COCTAB KOTOPOro BKIIOUCHA 3alIUTHAS 00010~
KA, KOHCTPYKIIMSI OOCTPONKI M MOHOJHUTHO COBMCLICHHAsS! C
HUMHU QYHIAMEHTHAS YacTh.

3HAUYMTEIbHEIC Pa3vMEPH U CJIOXKHOCTD KOHCTPYKUMY Peax-
TOPHOTO OTAEeHMs] TIPUBOAST K HEOOXOAUMOCTH YIPOIIEHIM
1 3a8MEHBI PEATTEHOIO COOPYXKEHUS MACIITA0HOH MOAenbio. B
IIPOLIECCE MCCIEHOBalMi IPOBEAEHBI DKCIIEPHMEHTEL U PaACye-
TEL MOHAENM peakTopHoro oTaencHuss ASC, BBIIOJIHCHHOH B
macitaoe 1:35,

Pesynbrarsl paccMaTpUBASMEBIX DKCIIEPHMMEHTOB HE IIpeiy-
CMaTPUBAIDT TIEPECUYET MOKA3aTe/Iel Ha peaibHOE COOPYKEHUE,
DTV PE3YNBTIAThl MOIYT ObITh MCIIOAL30OBAHLI I H3YYCHHS
KApPTWHEL JIcQOpMALIUA 1 pa3pyLIeHUs: MOAeeH, MOXBEPXKEeH-
HEBEIX BO3ACHCTBHIO BYB, a Takxke mist hopMUpOBaHUS pACUET-
HBEIX OPENIIOCHLIOK W IPOBEPKH PE3YILTATOB TEOPETHYECKIX
UCCIENOBAHMIA.

1.3.1.1. XapakrepuCTiKu MoOaenu U MarepuasnoB

3agayy MOUCIMPOBAHUS THHAMWYECKOM CHCTEMEL «HATPY3-
KA—COOPYKEHYWC» [TPEANONAraioT pelleHue psafa CrueuanbHBIX
BOTIPOCOB, KACAXIIMXCS TIPOCKTUPOBAHHSA U CTPOUTEILCTBA
MOJIEJIEN HUCCACAYCMOTO COOPYXCHHS, CO3JAHMSI TUHAMHYE-
CKOW HArpy3k¥ ¢ 3a/laiilibIMy IIapaMeTpaMii, a TakkKe obecreye-
HUST U3MEPEHWI UCCIIEMYEMBIX TIAPaMETPOR MIPH 33JaHHOM TOY-
HOCTH.
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