201491106 A1l

(19) EBpa3unckoe
naTteHTHoe

Be4OMCTBO

@) 201491106 > Al

(12) OIMMMUCAHHUE M30BPETEHUS K EBPABUNCKOMU 3ASIBKE

(43) [ara ny6nukauum sasiBku

2014.09.30

(22) Dara nogaum sasekn

2012.12.19

(51) Int. Cl. E21B 28/00 (2006.01)
E21B 43/00 (2006.01)
E21B 43/16 (2006.01)

E21B 43/25 (2006.01)

(54) CHOCOB JOBbIYU YIJIEBOJAOPOJAHOM TEKYYEN CPE/bI

(31) PA 2011 70725; 11194897.2
(32) 2011.12.19; 2011.12.21
(33) DK;EP
(86) PCT/EP2012/076148
(87) WO 2013/092712 2013.06.27
(88) 2013.11.28
(71) 3assurens:
HUMIINAKT TEKHOJIOIKHA
CHCTEM3 AC (NO)

(72) Wsobpetarens:
Ieynbcen Uum-Bukrop (NO)

(74) nNpeacrasutens:
Mensenes B.H. (RU)

(57) Ommucan cnoco6® W3BIEUCHUS YIICBOAOPOMHOM
TEKy4eH cpelibl U3 IOPUCTOM Cpelbl HATHETAHUEM Te-
Kydell cpempl B mopuctyio cpemy. Crocob Bkioda-
eT CTaJuu, B KOTOPBIX OINPEIEINSIOT BPEMEHHOW Ma-
pameTp Penes Ha OCHOBE IUIOTHOCTH TEKyYeil cpenbl
U YIJIEBOIOPOAHON TeKyuel cpeibl, MeAMaHHOTO 1A~
MeTpa IOop ITOPUCTOH CpeIsl M MOBEPXHOCTHOTO HATS-
JKEHUSI MKy TEKydel Cpeloi U yIIIeBOIOPOIHOM Te-
Kydell cpenoil. Jlanee mpou3BOAAT CTUMYIALMIO JaB-
JICHWEM B TEKydYeHl cpele M TeHEepHpPOBaHHEM C IIO-
MOIIBIO TIPOIecca COyIapeHHs Ipu BPEeMEHH Hapac-
TaHUsI KOHTAKTHPOBAHMS TPH COYIAPEHUH, KOTOPOE
COCTaBJISIET BeMWYMHY B auamna3oHe 1-100-xpatHOro
BpEeMEHHOTo mapamerpa Penes. AnbTepHaTHBHO WM
JOTIOJTHUTEIBHO, TTPOBEACHUE CTUMYIALNHU JTaBICHHU-
€M BKJIIOYAeT CTaJHI0, B KOTOPOH TEHEPUPYIOT yaap-

HOE JaBJICHUE C aMIUIMTYAON [1aBiieHuss U1 BpeMeHeM
HapacTaHMs JaBieHus At, TIe aMIUTUTYyla JABICHUS
ABNIAETC GONBINEH, YeM oTHONIeHHe ycAt/a’, Tae "y"
MIPE/ICTABISIET TIOBEPXHOCTHOE HATSKEHIE MEXKY Te-
Kydel cpefol U yIIIeBOJOPOJHON TEKyU€ell cpenoi, u
"c" mpeacTaBIAeT CKOPOCTH 3BYKa B IOPUCTOH cpe-
ne. B acnekrax m300peTeHus crmocod BKIIFOYAET CTa-
JIMIO, B KOTOPOH pa3MeInaroT KaMepy B COOOIIECHHUH 110
TEKy4el cpelie ¢ MOPUCTON Cpeoi MO0 MEHbIIEH Me-
pe depe3 oauH TpyOOmpoBO., IpHUUEM KaMepa BKIIIO-
YaeT MEPBYI0 U BTOPYIO CTCHOYHBIEC YACTH, ITOJBIIK-
HBIE JPYT OTHOCHUTENBHO Apyra. CTUMYIAIHS AaBIie-
HHUEM BKIIOYAET CTaIUI0, B KOTOPOH CO3/AI0T yAapHOE
JIaBIICHUE B TEKy4YeW Cpeae IJIsl PaclpOCTPaHEHHS B
MOPHUCTYIO Cpemy depe3 TpyOOoIpoBO | TZe yAapHOE
JIaBJICHUE TEHEPHUPYIOT MPOIIECCOM COYJapEHUS MEK-
JIy IPEIMETOM, Pa3MEIICHHBIM BHE TEKyUeH CPEenbl, 1
MIEPBOIf CTEHOYHOH YaCThIO, 9TOOBI IIepBast CTCHOYHAS
JacTh yapsia 1Mo TeKy4ei cpene B Kamepe.
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CIIOCOE JHOOBBIYM VPHEBOHOPOHHOﬂ TEKYYEN CPE B

OBJIACTHL TEXHMKM, K KOTOPOM OTHOCUTCA M3OBPETEHUE

HacTodamee nsobpeTeHre OTHOCUTCHA K criocody OOOBUM
YTJIEBOOOPOOHOM TeKyuey Cpenbn M3 IIOPUCTOM Cpelbl.

YPOBEHE TEXHUKU

Onepauuy HOOBUM YIJIEBOOOPOINOB B o00mMeM MOTYT BKJIOUATH
MMPOKMM KPYT IIPOLEeCCOB, NPelyCMATPMBAKINMX IIPUMEeHEeHMEe UM KOHTPOJIb
onepaunmn PeryJIMpoOBaHusa TeUueHMUs bironIooB 0J1sg V3BJIEUEHUSI
yIJIeBOOOPOOa M3 IIOO3eMHHX IIJIJACTOB, B TOM UMCJe, HaIlIpuMep,
BBeIOeHMEe WJIM HaTHeTaHMe TeKyuuxX Cpen B I[IOI3eMHEE IIJIACTH, TaKux
Kak ofpabaTHBapIMe TeKyuYre Cpelb, VIUIOTHIOIME TeKyuue CPemnH,
WIM  TeKydMe Cpenn mOJd TIUOpopaspHBa ILjlacTa, ornepaummM IO
3aBOOHEeHMD, OypMJbHEE Pa®oTH, OIepaluM II0 OUMCTKE TPpyDOOIpPOBOIOB
M CTBOJIOB CKBaxXwuH, M OIlepaluM II0 LeMEeHTHMPOBAHMIO B CTBOJIAax
CKBaXMH .

[log3eMHEHE IIJJACTOBEE PEe3ePBYAPH IIPeIOCTAaBJIST COOOM IIOPUCTHE
Cpenil, BKJIOUAKIME CETH IIOPOBHX OOBLEeMOB, COEIMHEHHHX C II0POBBMM
KaHaJjlaMM, MMEKOMMUMMY Pa3JIMYHBE IMaMeTpPh M IJMHBE. I[[POBOIMIIMC
oBCTOoSATeJILHEE UCCJIendoBaHusAa OVHaMUUEe CKUX XapakKTepruCTUK
HaTHeTaHMs TeKyuux cCpel B ILJIAaCTOBLHIE pesepByaph IJIS BHTECHEHUS
TeKyulx Cpeld B IOPUCTOM CTPYKType IIOpOIOL B pesepByape, UTOOH
OOOUTLCA YIIYUNEHHOTO M3BJICUEHMS YIJIEBOOOPOIOB.

[loprucTasg CTPYKTypa [OPOIOH [PpenOcTaBjigeT cofol TBepIyi
MaTPpULYy IIOPUCTOM Cpenu. YNPYyI'Me BOJIHH MOTYT PacIpOCTPaHSATLCS B
TBEepOOM MaTpHulile, HO He B TekKyuel cpeme, IIOCKOJbKY VIPYTOCTH
opencraBJygeT coOoM CBOMCTBO TBepIHX TeJl, a He TekKyuux cpel.
YOpyroCTh TBEPIHX TeJI M BA3KOCTE TEeKYyUMX Cpel IpeICTaBJISoT
cofoM CBOMCTBA, KOTOPHE OIPelelIAlnT Pa3HMIy MeXIy TBepIbMM
TeJlaMy UM TeKYYMMM CcpelaMM. HaOpaxeHMsa B YIPYIMX TBepPIOHX Tejlax
IPOIIOPLUMOHAJNIBEHE ITedpopMaliMy, TOI'Da KaK HalpsSKeHMS B BABKUX
TEeKYyUYMX Ccpelax IIPOINOPLMOHAJIBHE CKOPOCTM MBMeHeHMS medopMalMu .

Tekyure cCpenn B ILJIJACTOBOM pes3epByape OyaoyT (BO BpeMs
3aBOOHEHMS) MCIHTHBATL KaIWMJIJISPHOE CONPOTHBIIEHME, WM OaBJIeHUE,
KOoT'Ia IPOTeKalT uepes IOPOBHE KaHaJlkl, BCJEICTBME IIOBEePXHOCTHOTO

HaTAXeHMA MeXOy TeKydrMMM cCcpenlaMin, U yCJ'IOBT/[ﬁ CMaudlMBaHMA CTEHOK



IIOPOBEIX KaHaJIOB. KanumnidgapHoe COIPOTUBJIEHNKE OOy CJIOBJIMBAET
CO3IaHMe IMNPeOlNOoUTUTEJILHEX I[IPOTOKOB TeKyuux Cpen B IIOPUCTOU
cpele (IPOPHBOB TeKydeM CPenh), UYTO 3HAUUTEJBEHO OIpaHMUMBaeT
M3BJIeUEHNE YIUIEBOOOPOLOB . TaxuMm obpasomM, KaluJIJIApHOE
CONPOTHUBJIEHNE OTPaHMUMBaeT IIOOBMXHOCTL TEeKyuMxX Cpel B ILJIaCTOBOM
pes3epByape.

Kaxk okaszaJjochk, M3BJIEUEHME YIJIEBOOOPOLOB  YBEJIMUMBAJIOCH
nocjie CceMCMUUYeCcKMx COOBTUM, TakKMxX Kak 3eMjIeTpaceHusd. BH3BaHHOE
STUM VMHTEHCUBHOE OVHaMU4YeCcKoe BO3DyXIOeHUe iacra, Kak
NpeICTaBJIAETCs, IOBHIMAET TMOOBWMXHOCTEL OQIOMIHOM a3k B IIOPUCTOM
cpeme. Kak yTBepXIDalloChb, IIOBHIMIEeHHAS IIOIBMXHOCTL BO  BpeMs
3eMJIeTpACeHur OO0YyCHIOBJIMBAETCA YIPYTMMM  BOJIHAMU (B TBRepmou
MaTpulle), PacCIpOCTPaHAKIMMUCSA Yepe3 IIJIaCTOBRHM pesepByap. BHIIM
IpOBENEeHH MCCIeOOBaHMSa MeToIaMM MOIEeJIMPOBaHUSA  CeMCMUUEeCKUX
ABJIEHVM, OCHOBAaHHHMM Ha BO30OYXIeHUM YINPYITMX BOJH B I1IJIJaCTOBOM
pesepByape C IIpMMeHEeHMeM MCKYCCTBEHHHX MCTOUHMKOB CelCMMUeCKUX
BOJIH. Kak MHOpaBWJIO, MCKYCCTBeHHEE MCTOUYHMKM CEMCMHUUECKUX BOJH
OOJIDXKHEL OBITH pas3sMelleHH KaK MOXHO OJke K ILJIaCTOBOMY pe3epByapy,
yTOOE WMX OelcTBMe OwJio 20OeKTUBHEM, M TeM CcaMeM = OOBUHO
pacrnoJjlaranTca B 3a00MHOM 30He OYpPOBOM CKBaXMHHE MJIM BOJIM3M Hee.
TakMe MHCTPYMEHTH IJIS CKBaXMHHOM CeMCMMUECKOMW CTUMYJISUUM OBIM
ONMCAaHE, HaIpuMep, B IHaTeHTHHX »OOKyMeHTax RU 2171345, SU
1710709, wmiam WO 2008/054256, KOTOpHE pPAaCKPHBAKLT pa3JIMUHBEE
CHUCTEMH, Ioe VYIOPpYyI'Me BOJIHEL B TBEPHOEX TeJjlaXx I'EHepUpyoTCd
coymapeHMsAMM TIPy30B, IlalalllMxX Ha HaKOBaJIbHM, 3aKpeIllJIeHHHE B
3aboe OYpPOBOM CKB&XMHE, ¥ TeM CaMbEM Ha ILJJaCTOBOM pe3epByape.
HemocTaTkm 2TMX CHUCTeM COCTOAT B  OIACHOCTHM pa3npobJeHud
CTPYKTYPH IIOPOOE, a TaKXe B CJOXHOCTAX KOHTPOJMPOBAHUA ylhapa, WU
B OTpaHMUeHHOW 50OeKTMBHOCTM MEeTOIORB.

Taxxe OpUIM pa3paboTaHEl ¥ WUPOKO  MUCIOJB3YKRTCSA METOIE
M3BJIeUeHMs YyIUIEBOLOPOLOB, BKJIKUAKIMEe IMHaAMWUUECKMe BO3DyXIeHWUd,
UMUTHUPYKRIME CeMCMUUeCKMe COOHTUSA, HalpMMep, C MCIOJb30BaHUEM
B3PBEBUATEX BelecTB u pPeryJIapHBEIX IIOIPHEBOB SHepTreTUUeCKUX
MaTepraJioB B IHoponme. OOHaAKO TaKMe MHTEHCHBHEE BO30YyXIEHUMA
OeVICTBMEeM B3PHBUATHX BeEMEeCTB, 3eMJIeTpPACeHUMsa U TOMYy I[IOIOOHEHE,

HaCTO TakKxXe CUMTaTCA BHESHBaAKIVIMIM HapPpyIlleHlMe CTPpYKTYPE IIOPOIEHL,



KOTOpOe MOXeT CHMXATL M3BJIeUeHMe YIJIEBONOPOIOB B  TeUeHUe
OJIMTEJIbHOTO BPEMEHU.

IpyrMe CHOCOOH OOOBHUM YIVIEBOODOPONOB BKJIOUAKT HAIOPHO-
VMMIIyJIbCHOE BO3IEMCTBME UepelOoBaHMEM IIepPMOIOBR IMNIPUHYAOUTEJILHOTO
OTKAUMBAHUS U/UJIM HaTHeTaHMS TeKyuel cpelb B ILJIACT. [IpUMeHeHMe
VMITYJIbCOB HaBJIEHUS OIMCHBAJM HJSA IIOBHIEHUS CKOPOCTEeM TeueHUS
yepes [IOPUCTYIO cpeny, HO, OIHAaKOo, TaKxe coofbmaJsiochk 0B
YBEJIMUEHUNM OIIaCHOCTM IIPOPHEBA BONBE MJIM 00pal30BaHMAa S3BHKOB M3—3a
Pa3HOCTHM BSI3KOCTEM B oOllepallMaxX HaTl'HeTaHud Tekyuel CpemnH.

fBJIeHMe 3BaBUCAMETO OT BPEeMeHM OaBJIEHMSI, TaKoe KakK pesKoe
[IOBHIIEHNVE HOaBJIeHUI, WIM TUIpaBJIMUEeCKUNM yIap, IJIaBHEM o0pasoM
ONMCHBAJIOCE U aHaJM3UPORAJIOCE B OTHOIEHUM eI'0 [NOTeHUMAaJIBHO
IIOBPpeXIallyx MM IJaxe KaTacTpodMuecKMxX BO3OeMCTBUM, KOI'Ia OHO
HelpeOIHaMepeHHO BO3HMKAET, HalpuMep, B TPyOONPOBOOHEX CHUCTeMax,
MIM B OTHOWEHUM IIJIOTMH WJIM KOHCTPYKUMM MOPCKMX IIPOMEBICJIOB
BCJIEOCTBME CJIeMMHTa (IMIPOIMHAMMUECKOTO YyIapa MOPCKOW BOMOB) WMJIU
IepekaTHBaHMA BOJIH UYepes3 IJIaThOopMbl. I'MIPaBIMUECKUNM yIOap dYacTo
MOXeT MNPOMCXOOWUTH, KoOoTI'Ja Tekydad cpela B IOBUXKEHUNM NIPUHYIOIUTEJLHO
OCTaHaBJIMBaeTCd WM BHe3alHO M3MeHdAeT HallpabJieHMe TeueHUuHd,
Halpumep, BCJIEOCTBUE pPe3KoTo [IepeKpLBaHn A BEeHTUIIA B
TPYOOIIPOBOIHOM CHUCTeMe. B TPYOOIPOBOIHEIX cucTeMax
TUIPABIMUYECKUM YyOap MOXeT IIPMBOIMTL kK OpobjieMaM OT IyMa MU
BUOpaLUN oo pas3peBa u CMATUA TPYOH. Bo nusbexaHue
TUOPAaBJIMUECKOTO YIOapa TpPpYyOOIpOBOOHEE CHUCTEME HamboJiee dYacTo
OCHAamalTCa I'UIPOAKKYMyJIATopaMM, OaMllacaMuM M aMopTHU3aTopaMy, WJIU
TOMY IIOOOOHEMMA .

CBsA3aHHBEE C OaBJIEHMEM SABJIEHMS elle OOHOTO THuIla (Ha3uBaeMOoI'o
30eChk YIApPHBEIM OaBJIEHMEM) IIPOABIJIAITCA B IIPOolleccax CoyIOapeHMsa C
VCIIOJIE30BaHMeM  YIAapHHEX  OUHAMWUECKHKX  XapaKTepucTHUK, KOTOpPHE
CO3OanT BO3MOXHOCTE TEeHEepMpOBaATL 3aBUCHMMOE OT BPeMeHU yIapHoe
oaBJjieHMe C OOJILMOM aMIJIMTYIOM 3a OUeHb KOPOTKHUM OTPpesOK BpeMeHU
(MPOIOOIKUTEJIEHOCTE ) , I[1IO0 CPaBHEHMK C BpPeMeHeM KOHTaKTUPOBaHUSA
opu CcoyIapeHUH.

B cpaBHEeHMM C MOPOOOJILHOM BOJIHOM, UMIIYJILCH IaBJIEHMS MOXHO
paccMaTpuBaTh Kak pacrnpoCcTpaHdgnmnmeca uepes TeKyuy cpeny

NOODOOHO OTHOCUTEJIBHO Pe3KO BHpaXeHHOMy ©OpoHTy. Korma ymapHoe



OaBJIeHMe CpaBHMBALT C MMIyJbCcaMM  HOaBJIeHUA, OTMeuawnT, uTo
yOapHOe I»aBJIeHMe UMeeT Jaxe elle 0oJiee pe3KuM  QPOHT, u
lepeMelaeTcsa HOOOOHO OGPOHTY YIapHOM BOJHEL. Ilo3ToMy yIapHOe
DaBJIeHMe IIPOABJIAET HEKOTOPhle M3 TexX Xe BaXHBX XapaKTepuCTUK,
KakK MMIIYJIbCH IOaBJIeHMd, HO OHO OKa3bBaeT 3HauMTeJIbHO 0OoJiee
paspymmTeJIbHOEe IelCTBMe BBMAOY TOTO, UYTO MMeeT peskus OpoHT C
BHICOKOM  aMILIMTYIOM  HOaBJIeHMS U  KOPOTKOe BpeMsa HapacTaHUuA
BCJIeOCTBUe CrocoBa ero I'eHepupoBaHMA. KpoMe TOI'O, MMIIYJIbCEH
OaBJIeHMA U YIOapHOe IOaBJIeHMe, KaK OIUCHEBaeMEHe B DTOM INOKYMEHTe,
cyjenyeT OTJMYaTh OT YIPYIMX BOJH, I[IOCKOJIBEKY DTUM YIOMSAHYTHE
[IepPBEMM  SBJIEHMs, CBsS3aHHHE C HOaBJIEHMEM, PaclIpOCTPaHARTCHa B
TeKyUdnx cpenmax, B oTJInUMeE oT YIPpYyTUX BOJIH, KOTOpPEHE
PACIPOCTPAHAITCA B TBEPIOHX MaTepHalax.

CYIIHOCTH M3OBEPETEHUA

[TosTOoMy LeJib BApMaHTOBR OCYIIECTBJIEHU A HaCTOAMETo
N300peTeHnud  COCTOUT B I[pPeoXOoJIeHMM WMJIM IIO0 MEeHBIIEM  Mepe
COKpalleHNM HeKOTOPHX WM BCeX W3 BHIIECOIMCAHHEX HeIOCTaTKOB
M3BECTHEX CIOCODOB INpPOBeNeHMA olepallMy IO JOoOHUe YIJIEBOOOPOIOB
IyTeM CO30aHMA MeTOOMK IJIA IIOBHIIEHMA KODOOMLUMeHTa HedTeoTnauwu
[IpM M3BJIEUEHUM YIJIEBOLOPOLOB.

JomoJsiHMTeJIbHaA Lejlb BapMaHTOB OCYIECTBJIEHUA UM300peTeHnd
3aKJIoUaeTCa B CO3OaHMM crnocoba IMNIpOBeleHMA Ollepalul IO »OOOHUe
YTJIEBOOOPONOB, KOTOPHM MOXeT O00eCHeuMTh IIOBHIMEHHYK IIOIBMXHOCTDH
TeKyulx Cpel BHYTPU IIOPUCTOM CpelH.

HomnoJIHUTeJIbHad LeJlb BapMaHTOB OCYIEeCTBJIEHUI U300peTeHUd
COCTOMT B CO3OaHMM aJIbTEPHATHBHEIX CIOCODOB M CHUCTEeM OJ4d
TeHepUpOBaHMUA YIapHOTO DaBJIeHWs, HallpUMep, [IPUMEHVIMEIX B
Oopernejlax o6OJaCcTM olepalluMi Mo OoObUe YIJIEROOOPOIOB, M NIPUMMEHUMHX
K TeKydYMM cCpellaM B IIOIL3eMHEX IIJIACTOBEX pe3epByapax Win OYpPOBHX
CKBaxXurHax.

Eme OOHOM IHOONOJHUTEJNBLHOW LeJIbld BapMaHTOR OCYMEeCTRBJIEHUS
n300peTeHUsa ABJIAETCS Co3OaHue crocoba, KOTOPEM MOXeT OHTH
OTHOCUTEJIBHO IIPOCTEM M HEOOPOI'MM IJIA MCIOJIHEHUA Ha CYIeCTBYIUX
IOPOMEICTIaxX IOJIA OOOHUM YITUIEBOIOOPOLNOE, M TeM He MeHee 50OeKTUBHEM.

leJib BapMaHTOB OCyIeCTBJIEHUSA nsobpeTeHmA COCTOUT B

CO3IIaHMM €eCTeCTBEHHEX CHUCTeM IOJIA T'eHePMPOBaHMA YIOapHEX OaBJIeHUMN



B TeKydelM cCpene C I[OBHEIMEHHOM 520OeKTUMBHOCTBI, U TIIPU CHWKEHUU
PUCKa KaBUTAUMOHHEX SABJIEHUNM BHYTPM CUCTEMH.

B cooTBeTCTBMM C M300peTeHMeM, HBTO HOCTUIaeTCHd C IIOMOILIO
criocoBa HDOOBUM YyIJIEBOHOPOLNHOM TeKydel CpeOE M3 IIOPUCTOM CpenH,
B KOTOPOM HaTHeTalT TeKyudyl Cpely B IIOPUCTYKR Cpely, BKJINUYAKIeTO
CTaIuM, B KOTOPHX OIpenesidloT MeIMaHHHBM OIMaMeTp I[IOp B IIOPUCTOM
cpene, " OIpelesiAloT BpeMsa Pejed Ha OCHOBe IUJIOTHOCTM TekKyueu
cpend ¥ YIJIEBOOOPOIHOM TeKydeM cpelbl, MeIMaHHOTO IMaMeTpa I0op
IIOPUCTON Cpelbl, U INOBEPXHOCTHOTO HaTAXEeHMA MexIy TeKydel cpenoy
1 YyTJIEBOOOPONOHOM TeKyduel cpelol. Cnoco® HOOMNOJHMTENBHO BKJIIOUAET
cTanuio, B KOTOPOM TIPOMU3BOIAT CTUMYJIALMIO IaBJIeHMEM B TeKydeu
cpele, IIpMYeM CTUMYJISALUMID OaBJIEHMEM CO3ITalT C IIOMOUBK IIpollecca
coynapeHus pu BpeMeHU HapacTaHuAa KOHTaKTUPOBAHUSA opu
coylnapeHnM, KOTOpoe COCTaBJISgeT BeJMUMHY B IOManaszoHe 1-100-
KpaTHOTO BpPeMeHHOTO IapaMeTpa Pnjed, Takylw KakK B IOuvana3oHe 10-
80-KpaTHOTO BpeMeHHOTO MHapaMeTpa Psjesd, WM B IManasoHe 1-10-
KpaTHOTO BpeMeHHOTO IapaMeTpa Pmies, Takyl Kak B IOuala30oHe 1-3-
KpaTHOTO BPEeMeHHOTO IapaMeTpa Paies.

CoIJilaCcHO OIOHOMY BapMaHTy MCIIOJIHEHMSA, CTUMYJIALMIO OaBJIeHMEM
COo3ImamnT B IIpollecCe COoymapeHMsa CO BpeMeHeM HapacCTaHMA IaBJIeHUd,
KOTOpoe HaxXOOUTCH B orarnasoHe 1-100-xpaTHOTO BpPeMeHHOTO
IapaMeTpa Posjed, Takoe Kak B OMalas3oHe 1-3-KpaTHOT'O BPEeMeHHOTO
napamMeTpa Pmjed. B OOHOM BapMaHTe WMCIIOJIHEHUSA BpeMs HapacCTaHUA
OaBJIeHMA  MOXeT COCTaBJIATE 1o MeHBIIe  Mepe 1-10-KpaTHHEM
BpeMeHHOV MapaMeTp Pmied.

B eme o»OHOM aclekTe M300peTeHMHA DTO I[IOJydalT CIoCoO0M
OOOEUM YIJIEBONOPOIOHOWM TeKyudel Ccpenu U3 TIOPUCTOM Cpene, B
KOTOPOM HaTHeTalT TeKyuyl Cpely B IIOPUCTYKR Cpely, KOTOPHM
BKJIDUAET CTaauM, B KOTOPHX ONpenelidoT MeAOMaHHHM »OMaMeTp II0p B
IOPUCTOM Cpelle, ¥ [OPOBONAT CTUMYJALMIO HOaBJEeHMEM B TeKyueHn
cpele, IIpMUYeM CTUMYJISALUMID OaBJIEHMEM CO3ITalT C IIOMOIBI IIpolecca

cCoyoapeHn4d, I'eHepHrpypmeIro YOapHoOe ITaBJIECHME C aMHHMTyHOﬁ I
TaBJIEHMA n BpeMeHEM At HapaCTaHnA ITaBJIeHMA, roe aMIJINTYy IIa

DaBJIeHMA ABJAeTCHA OoJiblelf, dYeM oTHOmeHMe YycAt/a?, TIoe «y»

InpencraBjideT IIOBEPXHOCTHOE HaTAXeHNe MeXIy Tequeﬁ cpenoﬁ "



YTUIEBOOOPOIHOM TeKyuel CpemoN, M «C» I[pedcTaBJISeT CKOPOCTh
3ByKa B IOpUCTOM cpele. IIoO CKOPOCTBI 3BYKa B IIOPUCTOM cCpene
cilenyeT IIOHMMAThL CKOPOCTE B3ByKa B TeKyuel cpene, OPUCYTCTBYKIEeN
B TIIOPUCTOM cCpelle, TO eCTh, B HaTHeTaeMOl Tekyuel cpene u/UIu
YTJIEBOOOPOOHOM TekKyuey cpene.

B pesyJiabTare npoliecca coyIapeHusd SHepIUH, a TaKxe
KOJIMUECTBO OBUMXEHMS OT COYIAapAoMUxXCcsa IIpelIMeTOB B IIpollecce
coymapeHus, IpeobpalyoTcd B yIapHOoe IaBJIeHMe B TeKyuel cpele.
YoapHoe DIaBJIeHMe IIepeMellaeTCsa M PaclIpoCTpaHaeTCcsa CO CKOPOCTLIO
3ByKa uUepe3 TeKyuyl cpely M IIOPUCTYID cpeny.

TeHeprpoBaHMe YIapHOTO HaBJIeHMs, CO3IaBaeMoro IIPOlLleCcCOoM
coymapeHMs, MOXeT OHTL IpeUMyleCTBEHHEIM BCJIeICTBUEe II0JIYyYaeMHIX
IpM DSTOM OUeHb KPYTHX WIM Pe3KUMX O(POHTOB HaBJIeHMS C BHCOKOMU
aMILJIMTYIOM, IpenejbHOTO KOPOTKOTO  BpeMeHM  HapacTaHudg, 110
CpaBHeHMIO, HalpuMep, <C UMIOYyJbLCaMM OaBJIeHMS, IIoJyJYaeMBIMM C
IIOMOIIELIO TPaIVMLMOHHOM TeXHOJIOTUN HaIOPHO-UMITYJILECHOT'O
BO3IeMcTBUA. KpoMe TOTO, yIapHOe IaBJieHMe, CO3IaHHOEe IIpPOolleCCOoM
coymapeHMs, MOXHO paccCMaTPMBaATEL KaK  BKJOUAaKlee  IIOBHIIEeHHHM
BHICOKOUACTOTHHM KOMIIOHEHT, CpPaBHUTEJLHO, HalpuMep, C eIOIUMHWYHOMU
YaCTOTOM WMJIM OOMHOUHOM CHUHYCOMIAJILHOM BOJIHOM IaBJIEHMA.

9To MOXeT OHTb I[IPeMMyINEeCTBEHHEIM B pPa3JIMUHEX OlepalMrax
OOOBUM YIUIEBOOOPOILOB, HalIpuMep, TaKux KaK TI[IpM 3aBOIOHEHUM,
HarHeTaHuM oOpabaTHBammel Tekyduel cpelb, WJIM B IIpolleccax
YIIJIOTHEeHU S, Tak Kak BEHICOKOYACTOTHEMN KOMIIOHEHT MOXHO
paccMaTpMBATE Kak IIOBHINAKMMY IIOIOBMXHOCTEL TeKyuel cpelbl BHYTPU
IIopUCTOM cpent, roe MaTepraJib c pa3JIMUYHEIMA CBOVICTBaMM
MaTepMraJIoOB M KalleJIbKM C Pal3JIMUHEMKM pas3MepaMu MOTYT TeM WMJIM MHBEM
IyTeM OTPaHMUMBATL WMJIM CHUMXATH IIOOBMXHOCTL TeKyuux cpen. Kpowme
TOTO, DTO MOXeT OHTL I[IPEeMMYIEeCTBEeHHEM B [IpeldoTBpalleHUM WK
COKpalleHMM OIIacCHOCTHM JiodoM TeHIeHIMM K SBaKylIopMBAaHMIO, U B
nommepXaHMy IIJIaCTOBOTO pesepByapa B IIPEeBOCXOOHHX  YCJOBUAX
TeueHMsa. Ilogo®HEM 00pasoM, IIOBHNIEeHHad I[IOIOBMKHOCTL MOXeT OHTh
IperMyIeCcTBEeHHON Kak B OTHOMEeHUN olepaluun HarHeTaHUSA
VILIOTHAKMYX TeKyuux Ccpen, Tak U Opu OocJenyimelr IIPOMBBKE
CKBaXMHBE B OllepalMax YIIJIOTHEHUS.

B CPaBHEHUNA C Oy IT'VIMI O@meyHOTpeéMTeﬂbeﬂ\M MeTOoIoaMM



HaIOPHO-VMIIYyJIbCHOT'O BO3OEMCTBMA, CIHOCOO COIJIaCHO HacCTOoAlleMy
M300pPEeTEeHN [ABJIAeTCA I[IPpeMMyleCTBEeHHEM B TOM OTHOIEHUM, UYTO
yIapHOe IaBJIeHMEe 3IOeChb MOXeT OBTE I'eHEePUMPOBAHO B HEIIPEPHBHOM
IIOTOKEe TeKyduel cpeOe 0e3 CymeCTBeHHOTO BJMAHMSA Ha CKOPOCTH
TeueHVA. KpoMe TOTO, yIOapHOe HOaBJIeHMe, I'€HepMPOBAaHHOE IIPOLIeCCOM
coymapeHMsa, MOXeT OBThE CO3OaHO OUeHb IIPOCTEM, HO TeM He MeHee
50OeKTUBHEM [IYTEM, u tes KaKoTro-HUOYIOb [IepeKpLBaHna WU
OTKPHIBAHMSA BeHTHUJIeM ¥ KOHTPOJILHOTO o6opynoBaHMA, KakK BTO
nejlaeTCsa COIJIACHO IMIPOTOTUILY .

B OTHOUIEHUN onepalun 3aBONHEHNS, OBLIIN IpOBEEHEL
BKCIIePUMEHTE B J1abopaToOpHOM Macmrade, KOTOPHE rokasalin
[IOBHIIEHNVE KOBOOULUMEHTa HedTeoTHauM I[IPM M3BJIEUEHUM YIJIEBOLOPOLOB
Ha 5-15% 1I[pu [OpUMEHeHUM yIapHOT'O  IaBJIeHUuHd, CO30aBaeMoIo
IpOLIeCCOM COYyIOapeHMsa, II0 CpaBHEeHMI C TeueHMeM I[IOO OeMCTBUEM
IIOCTOSAHHOTO CTaTUUECKOT'O OaBJIEHUSA . [IOBEIIEHHE KODOOULMEeHT
Hed@TeoTHmauM OBJI MOJIyUEeH IIPM HEU3MEeHHOW CKOPOCTM TeueHU.

B of0meM, OpM3HaAK MWMIYJBCOB HIaBJIeHMs, KOTOPEM HejlaeT UX
IPUTOOHEIMM IJIA BapMAaHTOB IIPpMMeHeHUsa B OllepalMaxX I[I0 M3BJIEUEHUO
YIUIEBOOOPOLOB, COCTOMT B TOM, UYTO OHM PaCIPOCTPAaHAKTCHI IOOOOHO
KpyToMy OQPOHTY uUepes TeKyuyln cpeny, Kak OBJIO YIOMAHYTO BHIIE.
YOoapHOe I»aBJIeHMe MMeeT Iaxe 0Oojlee KpPyToM OpPOHT, WM Iaxe ©OoJiee
KOPOTKOe BpeMA HapacTaHMAa OaBJIEeHMA, IIOSTOMY YIOapHOe OaBJIeHUe
IPOABJIAET Takmue  Xe BaXHHE XapaKTepUuCTUKM, KaK  MMIIYJIbCE
OaBJIEHMS, HO B 3HAUMTEJIbHO 0O0Jiee BHICOKOM CTelleHWU.

B  oTHomeHMM  OOOBMWM  YIJIEBOOOPOLOB U3 [IOPUCTHX cpen
NpencraBJigeTCs, YTO BECOKOe HaBJleHMe B COUeTaHMM C OUeHb
KOPOTKMM BpeMeHeM HapacCTaHMsa, KOTopoe MOXeT OHTBE IIOJIYYeHO
criocobaMy COIJIaCHO M300peTeHM®© (M B CpaBHeHMM C TeM, UYTOo
nojlydaeTcsa C VCIIOJIE 30BaHMEM OPYTUX MeTOIOB CTUMYJIALN
IDaBJIEHMEM) , CO3HOaeT IOOCTaTOUYHYK Pa3HOCTL OaBJIEHUM Ha [OIPOTIXKeHUMU
OJIMHEL I[IOPOBOT'O KaHajla, KoTopas MOXeT I[IpeoloJjieBaTh KalWJIJIAPHOE
CONPOTHBIIEeHVEe. Pa3HOCTL IJaBJeHUM TOONepXMUBaeTCad B  TeUeHUe
OOCTATOYHO IJMUTEJILHOTO BpeMeHM, [0 MeHbmel Mepe B 1-10 pas
BoJiee IJUTEJILHOTO, UYeM BPeMeHHOM IapaMeTp Psjes, Takoro KaK B
nrana3zoHe 1-100-xpaTHOTO BPeMeHHOTO IapaMeTpa Psjesa. BMmecTe C

TeM OTHOCHUTEJIBHO KOPpOTKaA IIPpOOOJIXMTEIJIEHOCTD obecreumMBaeT TO,



YyTO  YyCpeIHeHHOe IO BpeMeHu yIapHoe  OaBJieHMe He  BHOCHUT
CYMEeCTBEHHOTO BKJIama B ypaBHeHMe Japcu OJIsS [IOPUCTOM Cpelbl, TeM
caMbIM COKpamas PUCK pPaHHeTOo I[IPpOpPHBa M 00pa30BaHMSa S3HKOB B
pesyJibTaTe Pas3HOCTM BA3KocCTel. [ocTaTouHo OoJibllasgs aMILIMTyoa
IDaBJIeHUS, KOTOpas MOXeT IIpeoloJieBaTh KalMJIJIApHOe COIPOTHUBIIEHUE,
MOXeT OHTbL IIOoJIydeHa aMIIMTyIOoM YyHOapHOTO IaBJieHUd, KoTopas
[peBbmIaeT oOTHomeHMe YCcAt/a®, TIe «y» OpelcTaBisgeT IOBEPXHOCTHOE
HaTIXeHMe MexIy TeKyuel Ccpemol M YyIUIEBOOOPOIHOM TeKyuel cpenol,
U  «C» IpencTaBygeT CKOPOCTL 3BYykKa B I[OpUCTOM cpeme, u At
opencrTaBJIgeT BpeMs HapacTaHMSa YIapHOTO  OaBJIEHUA. Cienyer
OTMETUTL, UTO Majioe BpeMsa At HapacTaHuda I[ogpasyMeBaeT, UToO
cokpamaeTCcsd aMIIMTyla, HeoOxXonouMas JIS MNIPeOoNOoJIeHMS KaluJIJISPHOTO
CONPOTHBJIEHMS. OODHAKO BpeMsa HapacTaHMsa [OOJDKHO COCTAaBJIATE IIO

MeHbIeV Mepe 1-10-KpaTHHM BpeMeHHOW MapaMeTp Pajesd.

B STOM KOHTEKCTe nprUMeHeHre YIOAPHEIX OVMHaMUUeCKUX
XapaKTepUCTUK (mpouecca coynapeHud) , Kak npenjiaraeTrcsd
n300peTeHNeEN, obecrieunBaeT IpoCTOoM u 50de K TUBHEIM crioco®

IommepXaHMsa OOCTAaTOUHOM Pa3HOCTM MHOaBJIeHMM B TeueHMe IIepuola
BpeMeHM, COCTaBJIAKNIEIO II0 MeHblle¥ Mepe 1-10-KpaTHEM BpeMeHHOM
napaMeTp Pniiegs. KpoMe TOI'O, IIpUMeHeHHUe IIpollecca CcoylapeHUsd
oKaszaJloCk  OJaTOIPMATHEIM B  CO3OaHMM OTHOCUTEJIBHO  KOPOTKOTO
BpeMeHU  HapacCTaHUudg TOT'O Ke nop4dnka NI 10-100-xpaTHOTO
BpeMeHHOTO IlapaMeTpa Pnjiesg. BpeMmMsa HapacTaHMS KOHTAKTUPOBAHUS B
Xome TIIpollecca coyIapeHmusa MoXxeT OHTh, KaK IIoKa3aHOo II03Xe,
OlLIEHEHO, HalpuMep, C IIPpHMBJIEeUeHMEM TeOopuM coymapeHus I'epla.
KopoTkoe BpeMd HapacTaHMA  KOHTAKTUPOBAHUA  [OpAOKa 1-100-
KpaTHOTO BpeMeHHOTO IapaMeTpa Pnjlesd okaszalJloch OJIAaTONPUATHEM OJIA
MNOJIYUEHM S  TIOBHIIEHHOTO  KOBOIMIIMeHTa HedpTeoTmaum INOIpU  OOOHUE
YTUIEBOOOPOIOB M3 IIOPUCTOM cCcpenbl. Kak IpaBMJIO, BpeMsa HapacTaHUA
yIapHOTO HOaBJIeHMA (BpeMsda, 3a KOTOpOoe HaBJIEHME I[IOBHIMAETCH OT
HYJIEBOM OO MaKCHUMAaJILHOM  aMILJIMTYIH) CpaBHMMO CO BPEMEHEM
HapacTaHMA KOHTAKTUPOBAHMSA B IIPOILIECCe COYIOapeHMs, M COCTaBJIAET
BeJIMUMHY Tiopdnka 1 wMmcek (0,001 cexkyHOoeH) wiIM MeHee. KopoTkoe
BpeMsa HapacCTaHMA »OeJjlaeT yIapHOe IaBJIEHMe YHMKaJIBHEM, KOoI'Ja €ero

VCIIOJIE3YKRT IIPpM MI3BJIEUYEHUMM YIJIEBOOOPOIOHEX TeRYyUMX Cpell.



CoTJlacHO OIDHOMY BapMaHTy OCYIeCTBJeHMSA U300peTeHUsd, BpeMs
HapaCTaHMA KOHTAKTUPOBaAHMUA IIpYM COyIOapeHUM I[IPOCTO OIpeleligeTCHd
KakK I[pOLIeHTHas OOJIA BPpeMeHM KOHTaKTHMPOBAaHMA IIPM COyOapeHUM B
Ipoliecce coylapeHmusa, Takasg Kak B nuanaszoHe 10-40%. Tem caMbM
MOXeT OHTb NIPOCTHMM CPenCcTBaMM IIoJIydeHa palMOoHaJIbHas OLleHKa IJIg
BpeMeHM HapacTaHMs KOHTaKTUPOBAHUA OTHOCUTEJIBHO BCeI'O BpPeMeHU
KOHTAaKTUPOBaAHMA B IIpollecce coyIapeHMUs.

BpeMs KOHTaKTUPOBAHUA U BpeMsa HapacTaHMi KOHTaKTHUPOBAHMUA
MOTYT OHTEH OIlLleHEeHH C IIPUBJIeUEeHMEeM TeOopUM coyIapeHusa I'eplia, Kak
nogpoBHee pas’zbACHAETCHA IO3Xe. HOMNOJHUTEJIEHO WM aJlbTepHaTUBHO,
BpeMsd KOHTAKTUPOBAHMA U/UIM BpeMs HapacCTaHUs KOHTaKTUPOBAHUS
MOTYT OBTBH M3MEPEeHH BSKCIEePUMEeHTAaJILHEMY MeToIaMM M3MepeHUN,
HanpuMep, TakKuMMM KakK C T[OMOmMbBI BUM3yalM3aluMM IO UCTEKIeMy
BpeMeHM WMJIM PaluIHOW CHEMKU.

B OINHOM BapMaHTe VCIOJIHEHU I BpeMsa HapacCTaHUsA
KOHTAKTMPOBAHUA IIpM COYIDApeHUM OIpPelesIaloT Ha OCHOBE MaccCH,
IIJIOTHOCTH, MOIYJIS YIIPYTOCTHU u Ko2dduIIMeHTa IIyaccoHa
COyNapAnmMxXCad NPpeIMeTOB B IIpPOlLleCcCe COoylapeHWusd, UX OTHOCUTEJILHHX
CKOPOCTEN, M MOOyJia OOBEMHOM YyHNPYyTOCTH TeKydell Cpelbl, HalpuMep,
13 Teopuu coylapeHusa I'epua.

MeIMaHHEM OMaAMETP IIOp IIOPUCTOM Ccpelbl MOXeT OHTEL OlpelejleH
Ha OCHOBe pacIlpelesieHMd IIOPp OJA Cpenbl. PachopenejieHue IIOP MOXET
OBITE onpemneJieHO 1o obpaszliaM  IIOPUCTOM cpent, HalpuMep,
BU3YyaJIbHEM  00CJeIOBaHUEM c IIOMOMBID  MMKPOCKOIIa, aHaJIM30M
nz3oBbpaxeHu, MeTOooaMM MIPOTOUHOWV TOPOMEeTPpMM, alcopbumu Tas3a WIKu
PTYTHOV IOPOMETPUMN.

BxparTie, PTYyTHas IOPOMETPHUA OCHOBHBAaeTCH Ha 3aKoHe
KaOouJIJISPHOM mHenpeccuM (ypaBHeHMe VYomdopHa), pelJlaMeHTUPYKIeTo
IPOHUKHOBEHME TeKydel Cpelbkl B MeJKMe I[OpH. bBojJlee KOHKPETHO,
YpaBHeHMe YombopHa COOTHOCUT IIPUIIOKEHHOe ITaBJIeHMe C IMaMeTpOM
nopel. Korma BO BpeMsa aHajlM3a IIOBHMAKT OaBJIeHME, pPacCUMTHBAKLT
oVaMe TP op, u WU3MEepPST COOTBETCTBYKMIUNA obBeM PTYTH,
HeOOXOOUMEIM OJIS 3BaloJIHEHMSA STUX II0P. OTUM M3IMEepeHWUS BHIIOJHAOT B
OpeXejlax Oualla30Ha HaBJIeHMM, TIoJiydas paclpelelJleHVe OuaMeTpa
IIop, ¥ TeM CcaMBM MOXeT OHTEH I[IOJIydeH MeOMaHHEM »OMaMeTp Iop.

[lockoJbkKy uMelTca B 5-10 pas ©OoJiblle IIOPOBHX KaHaJIoB, UYeM
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TIOPOBEIX 00BEMOB, TO MeIMaHHBN oMaMeTp op omnpeneyseT
KaIWJJISPHOE COIPOTUBIIEHNME B IIOPUCTOM Ccpene.

Co3maHMeM CTHMYJISUMM OaBJIeHMeM B TeKyuell cpele M C I[IOMOMBIO
npouecca coynapeHus, TeHepUpynomero yIoapHoe IaBJIeHVE c

aMILUIMTYIOOM »OaBJieHMs I, YIOOBJETBOPAKIMEN KPUTEPUO l>ycAt/a2 (roe

At mpemcTaBygeT BpeMsS  HapacTaHud — YIOAapHOTO  OaBJIeHUS, «KY»
IpencTaBJsgeT I[IOBEPXHOCTHOE HAaTSKEeHMEe MeXIy TeKyudel cCcpelou u
YTJIEBOOOPOOHOM TeKyuel Ccpenol, U «C» IpelcTaBJiseT CKOPOCTh
3ByKa B IIOPUCTOM  Cpelne), rojlydaeTcsa  IOOCTaTOYHO  OoJibllas
aMIJIMTYIa OaBJIeHVS JId yIOapHOTO MHOaBJIEHUMS B TeueHMe IOCTAaTOUHOTO
neprona (BpeMeHM HapacTaHMsa OaBJIeHMA). DOTO IIpeacTaBJIgeTCHd
BJIaTONPUATHEM MJIS OOCTWXEeHUSA Pas3HOCTM HOaBJEeHWM, I[IpeoloJieBanmen
KaIWJIJISPHOE COIIPOTHUBJIEHMEe B IIOPUCTOM cpene. Kak IpencraBjseTcCs,
2TO BeleT kK o0pa30BaHMiD KaNWJIJIAPHBEIX S3HKOB B IIOPUCTOM cpene, U
TeM CaMBM 3HauMTeJIbHO TIOBHMAaeT KOo20OMIMeHTH HedTeoTHmauum, UYTO
TakXe MNONTBEPXIaeTCsa BKCIepUMMEeHTaMM.

B oIHOM BapuaHTe WCIOJIHEHUA CTUMYJIALMA OaBJIeHMeM BKJIOUaeT

I'eHeplrpoOeBaHN1e YOAapHOT'O TaBJIEHMA C aMHHMTyHOﬁ OJaBJIEHUA B

orarnasoHe BeJiMuMH, B 1-5 pas [OIpeBHIAKIMX OTHOIEHUE ycAt/az,
TakoM kKak B 1,5-3 pasza OOJbIUX.

B OIOHOM BapuaHTe OCYIWEeCTBJIEHNA n300peTeHNnA crioco®
OOIIOJIHUTEJIEHO BKJIOUAEeT CTaIMio, B KOTOPOM OINpPelelidiT KalUJIJISpHOe
DaBJIeHMe Ha OCHOBE IMaMeTpPOR IIOPOBEIX KaHAaJIOB, KOTOPHE CO30aKT
OCHOBHO®e KaluJIJIApHOe COIIPOTHUBJIIEHNE B IIOPUCTOM cpene, u
IIOBEPXHOCTHOE HaTIXKeHMe MexXOy TeKydel cpelod U yTJIeBOIOPOIOHOM
TeKyudel cCpeno¥, ¥ B KOTOPOM CTUMYJIMPOBaHME MHOaBJIEeHMEM BKJIIOUAET
TeHepVpoOBaHMe  YOaAapHOTO  HOaBJIEHMS C  aMINIMTYIOW  HOaBJIeHUS U
BpeMeHeM HapacCTaHMA, KOTOpHEe CO30alkT Pa3HOCTL IaBJIEHUM MopAnKa
BeJIMUMH, I[IPEeBHIIAKIMX KaIWJIJIAPHOE IaBJieHMe B 1-5 pas [0 IOJUHE,
PaBHOM IMaMeTpy IOPOBOTO KaHajla TOPUMCTOM CpelH.

IraMeTpsl MMOPOBEX KaHAaJIOB, TJIABHHM 00pa3oM OOYCIIOBJIIMBAKIMX
KaOuJIJISPHOE COIPOTHUBIIEHME B TIOPUCTOM Cpelde, MOTYT OHTH OLleHeHH
Kak MeIVMaHHHBM OMaMeTp [op. MVMCHoJb30BaHMe MeOMaHHOTO IMaMeTpa
nop OBUIO OH XOPOMEM OLEHKOM OMaMeTpa I[IOPOBHX KaHaJIOB, KOTOPHM

BHOCUT OCHOBHOM BKJIan B KallJIJIAPHO e COIIpOTHUBIIEHNME HOpMCTOﬁ
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Cpenel. B »ToOM BapMaHTe MCIOJIHEHMA BTO ToT'la COOTBETCTBYET
OIpelleJIEHVK KalWJUJISPHOTO HOaBJIEHMSA Ha OCHOBE MEOMaHHOT'O IMaMeTpa
IOp IIOPMCTOM Cpelh W TeHepUPOBaHMI YIOAapHOTO IOaBJIeHUS C
aMILJIMTYOOM IaBJIeHMS UM BpPeMeHeM HapacTaHMg, COOTBeTCTBYIIMMA
Pa3HOCTHM HaBJIeHUM Mopdaka 1-5-KpaTHOTO KalWJIJIAPHOTO IaBJIEHUS IIO
IOJVHe, PaBHOM MeIMaHHOMY IMaMeTpy IIOP IIOPUCTOM CpemH.

Taxkum obpazoM, noJjiyyaeTcs fJlaronpmusaTHas CTUMYJISALMSA
OaBJIeHMEM IOJISA YJYUIeHMS M3BJIeUeHMA HedTH, I'Ie II0JIydalT yIOapHoe
IoaBJIeHMe, KOTopoe Co3maeT IOCTaTOUHYID Pa3HOCTL HaBJIEHUNM IIO
OJIHe IIOPOBOTO KaHaJla B IIOpPUCTOM cpene, KOoTopasd MOXET
IpeonoJleBaThk KalWJLJISPHOE COIPOTURIEHMe. KpoMe TOTO, M3 IaHHOTO
BpPEMEHM HapacCTaHMA KOHTAKTUPOBaAHUA, OJIM3KOTO K BeJIMUMHE WJIM B
oramnasoHe BeJduuuH 1-100-kpaTHOTO BpeMeHHOTO IIapamMeTpa Poied,
noJiydyaeTCcs, YTO PAasHOCTb IOaBJIeHUM MOXeT IIOOOepPXMBATLCS B
TedyeHMe JOCTAaTOUYHO MOJIMTEJBHOTO BPEeMeHM. boJjiee TOT'O, KOpPOTKasd
IPOOOJIKUTEJIEHOCTD YIAapHOTO OaBJIeHU S oBecrnieunpBaeT TO, UToO
YCpPeOHeHHOe IIO0 BPEMEHM YyIOapHOoe NaBJIEHME HE BHOCUT CYMEeCTBEHHOTO
BKJIaga B OTHoOmMeHMe [JapcH OJS IIOPMCTOM Ccpelbl, TeM CaMbM COoKpallasd
PUCK pPaHHeTO IIpOophBa M oOpasz3oBaHMSA A3BKOB B pes3yJibTaTe Pas3HOCTHU
BA3KOCTEN. AMILIIUTY oA YIOAapHOTO oaBJIeHUsd, HeobxoouMa g oJis
IIPeOoNoJIEHU I KalWJIJIAPHOTO COIPOTUBIIEHMA, IPONOPLMOHAJIbEHA BpPEeMEeHU
HapacTaHMA »OaBJIeHUdA, TeM CcaMeEM BpeMsd HapacTaHUuAa OOJDKHO OBThb
HAaCTOJIbBKO  KOPOTKMM, HAaCKOJIBKO  BOBMOXHO, HO COCTaBJATH IIO
MeHbIey Mepe 1-10-KpaTHHM BpeMeHHOM IapaMeTp Pajed.

[lpMeHeHMe IIpollecCca CoyldapeHMa ABJIAeTCd MIPOCTEM, HO TeM He
MeHee 5QOeKTUBHHEM CIOCOOOM BHIIOJHEHMS CTUMYJIAMM »OaBJIeHMEM C
XeJlaTeJIbHEIMM YKa3aHHOM KOPOTKOM IMPOOOJIKUTEJILHOCTLID UM YKa3aHHOM
IOCTATOUHOW Pa3HOCTLI OaBJIEHUM.

B OIIHOM BapMaHTe OCYIECTRBJIEHUA nz3obpeTeHms nmpoliecc
coylapeHMsda BKJKUYaeT COoyldapeHMre Mexny [DaJallyM IIpelIMeTOM WU
IUIYHXepoM, TI'Ie IMOIpelIMeT MMeeT Maccy B nOmanas3oHe 10-10000 ko,
TakKyln kKak B IOImamnaszsoHe 100-1500 xr, Takyow kKak B Iuamnas3oHe 500-
1200 k1, M mOpeIMeTy OaoT IIalaThb Ha I[LJIYHXEP C BHEHCOTH B OMalla30He
0,02-2,0 M, TakoM kakK B nOuamnazoHe 0,05-1,0 ™M, TakolM kak B
omuamnazoHe 0,1-0,5 M.

OIOMH BapMaHT OCYIeCTBJIEHUA MSO@peTeHMH OTHOCUTCH K CIOCOBY
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M3BJIeUEeHMI YIJIEBOIOOPOINOHEIX TeKyuMx cpel K3 IIOPpUCTOM Cpens, B
KOTOPOM HaTlHeTaknT TeKyuyln Cpely B IIOPUCTYK Cpelly, BKJIKUYaKIeMy
CTaIuy, B KOTOPHX OLIEHMBAKT IIJIOTHOCTE TEeKyuMxX Cpend B I[IOPUCTOM
Ccpene, OLIEHMBAKT IOMaMeTp IIOPOBHEX KaHaJIOB, KOTOPEM BHOCUT
OCHOBHOM BKJIAI B KaOWJIJIAPHOE COINPOTHBIIEHME IIOPUCTOM CPEenH, U
OLIEHUBAKT IIOBEPXHOCTHOE HaTAXeHMe MeXOy TeKyuuMMM cpelaMu B
IIOPUCTOM cCcpeme, I'Ie TekKyuMe Ccpelb B IIOPMCTOM Ccpelle BKJIOUAT Kak
YIJIEBOOOPOOHHE TeKyuMe Ccpelb, TaK M OpouMe TeKyuue cpenbsl. Kpowme
TOTO, BpeMeHHOM IapaMeTp Psjes oopenesdioT Ha OCHOBE OlLeHKU
IJIOTHOCTHM, OMaMeTpa U IIOBEePXHOCTHOTO HaTIXeHMs, ¥ [IPOBOOAT
CTUMYJIALMIO OaBJIeHMEeM, IIPpUYeM CTUMYJIALMI OaBJIEHVMEM BHIIOJHAKT C
[IOMOWBI TIIpOolleccCa CoyldapeHMa CO BpeMeHeM KOHTaKTUPOBaHUSA IIpU
coylapeHnM, KOTOpOe HOaeT BpeMa HapacTaHUsa, KOTOpOoe COCTaBJISEeT
BeJIMUMHY B IMana3oHe 1-10-kKpaTHOTO BpeMeHHOTO IIapaMeTpa Paies,
Takoe Kak B IOManasoHe 1-3-kKpaTHOT'O BpeMeHHOTO IlapaMeTpa PoaJed.

B o&OHOM BapMaHTe MCIIOJIHEHMS CIOCOO0 HIOMIOJIHMTEJIBHO BKJIIKUAET
CTaIu¥, B KOTOPHX OlLIEHMBAT OMaMeTp IIOPOBHX KaHaJIOB, KOTOPHM
BHOCUT OCHOBHOM BKJIaIl B KalWJJIAPHOE CONPOTUBIIEHME IIOPUCTOMN
CpellEl, ¥ OlLIeHMBAKT I[IOBEPXHOCTHOE HaTaXeHMe MeXOy TeKyUdVMU
cpemaMy B TIIOPMUCTOM cCpene, I'Ie TeKyudMe CpeOe B IIOPUCTOM cCpene
BKJIOUAT KaK YIJIEBONOPONHBEIE TeKyuMe Ccpelbl, TaK UM OpyI'Me TeKyuue
Cpelr, ¥ OlIpelelidlnT KalWJJISpHOe »OaBJIeHMe Ha OCHOBE OLIeHKHU
OIraMeTpa M IIOBEPXHOCTHOT'O HaTaXeHUsa. [lajiee, MNPOBOOAT CTUMYJISALIMIO
oaBJIeHMEM B Tekyuemn cpene, opruuyeM  CTUMYJIALIMID  ITaBJIEHUEM
BHIIIOJIHAIT C IIOMOIMBIO IIpollecca coyIapeHMs, KOTOPHM IaeT aMIIMTYIoy
M BpeMs HapacTaHMs, KOTOpHEe CO3JalT Pa3HOCTbL OaBJIEHMM IO IJMHE
YKa3aHHOTO IIOPOBOTIO KaHajla, M TI'Ie aMILUIMTyla M BpeMsa HapacTaHUA
ABJIAITCA TaKMMM, UYTO VKa3aHHas pasHOCTh HaBJIeHMM CcocTaBJgeT
BeJIMUMHY TMopgaka 1-5-KpaTHOTO KalWJJIAPHOTO IOaBJIEHUA.

CoTJlacHO OIOHOMY BapMaHTy OCYIECTBJIEHMA M300peTeHusa, Ccrnocob
OOIIOJIHUTEJILHO BKJIOUaeT CTalIMM, B KOTOPHX pasMemailT 10 MeHbIen
Mepe UYacCTUUHO 3alloJIHEHHYID TeKyuel cpemol KaMepy B COOOMeHuM II0
TekyudyeM cpele C IIOPUCTOM cCpeIoy I[IO0 MeHbIeM Mepe uepes OIMH
TPpyOOIIPORBROL, IIPUYEM KaMepa BKJKOUAET IIePBYK M BTOPYK CTEHOUHHE
YacTM, I[IOIOBMXHEIE OTHOCUTEJIEHO IOpyI IOpyra, pasMellanT IIpelIMeT BHe

Teky4den Cpelltl, M coz3naT YyIapHOe ITaBJIEHME B Teky4den cperne nJiAa
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pPacrnpoCTpaHeHUsa B IIOPUCTYIR Cpeny uUepes TpyOONIpoBROn, IIpUUeM
yIOapHOe OaBJIeHMe TeHEepUMPYIT OPOoLleCCOM COyIapeHMsa, BKIIOUAKIVM
coymapeHMre MexIy YyKa3aHHBEM IpelIMeTOM M IIepPBOM CTeHOUHOM uYacThio,
B pes3yJsbTaTe UYero Iepkad CTEeHOUHad UYacThk HAHOCUT yImap IO
Tekyuyemn cpene BHYTPU KaMeptHl. ITo CPaBHEHUI C OIpYyT'MMA
TPaOULUMOHHEMU CIIoCcOofaMy HAaIOPHO-MMITYJILCHOTO BO3OEMCTBUA, CIHOCOD
COTJIaCHO HacCTodlleMy M300peTeHMI ABJIAETCS IIPeUMMYyIleCTBEHHEIM B
TOM, UTO YIapHOe »OaBJIeHMEe 3IeChb MOXeT OBTE TeHeEPUPOBaHO B
HellpepHBHOM IIOTOKe TeKyuel cpenb 0e3 BHAUMTEJILHOTO BJIMAHUA Ha
CKOPOCTE TeueHMda. KpoMe TOTro, yIOapHOe OaRJIeHMe, TeHepUpOBaHHOE
IpOoLleCCOM CcoylapeHMrsa, MOXeT OBTH CO30aHO OUeHb IIPOCTHEM, HO TeM
He MeHee 50O0PeKTUBHBEM IyTeM, M 0e3 KaKOoT'O-TO IIepPeKpPHBaHMA WU
OTKPHBaHMA BeHTUMJIEM ¥ KOHTPOJILHOTO 0O0OpyIOoBaHUA, Kak BTo
nejjaeTcd COIJIaCHO MNPOTOTUITY .

KpomMe TOTO, mOpemjiaraeMeM CIOCOOOM MOXeT OHTEH I[IOJIYUYEHO TO,
UTO YIapHOe maBJIeHMe MOXeT OHTL MHUIMMPOBAHO B TeKyduel cpele
©e3 TIIOBHIIEHMA WJIM TOJIBEKO C MaJIEIM YEBeJIMUeHVEM CKOPOCTU TeueHUd
TekydyeM cpemnr, TaK Kak IepBasd CTeHOUHad YacTh He IepeMelaeTcsda U
He HaxryMaeT Ha TekKyuyln Ccpeny, KkKak B TpaIMIMOHHOM HAaIIOPHO-
VIMITYJIE CHOM BO3OEVCTBUN. Ckopee yoapHoe BO3IOENCTBUE oT
OBMXYIIeTOCHA IIpelIMeTa Ha IIepBYKD CTEHOUHYI YacTbk BO BpeMd
cCoymapeHMsa MOXHO paccMaTpMBaTh KaK BHSIHEBallee JIMIIbL MUHMMAJIbLHOE
WMJIM  HUUTOXHOE CMellleHne CTEeHOUHOM  uacTHu, TJIaBHEIM  0OpasoM
COOTBETCTBYKIee CXaTUID TeKyuel cpelh B 30He Yyrnapa. IllosToMy
XKeJlaTeJIbHYK  CKOPOCTHb TeueHUd Tekyueln CpenHl, HarpuMmep, B
orepaluy M3BJIeUeHMI YIJIEBOOOPOIa, MOXHO pPelyjrpoBaThk 0Oojiee
TOUHO c TIOMOIIBO, HalpuMmep, HaTrHeTaTeJlbHEX YCTPOMCTE,
IpUMeHSIeMBX B oOlepaluy, ¥ MOXHO, B KadecTBe OIHOTO IIpUMepa,
IOONePXVBATE PaABHOMEPHOM MJIM IIOUTM pPaBHOMEPHOM Ha XeJlaTeJIbHOM
YPOBHE TeueHMSs, He3aBMCHMMO OT CO3OaHusa YIapHOTO IaBJIEHUA.
Crioco® COTJIaCHO BHINEM 3JIOKEHHOMY TeM CaMbIM MOXeT OBITH
IperMylleCTBEeHHEM, HAIpMMep, B OollepallMax HaTHeTaHUsa TeKyuuxX cpel
¥ 3aBOIOHEHMSA, TIIOe MOXeT OHTL XeJlaTeJIbHOM YyMepeHHas CKOPOCTh
TeueHMs TekKydeM cpelbl C MMHYMMaJbHEMMY QJIYKTYaluuaMu YKa3aHHOM
CKOPOCTM TeueHusa, UYTOOH CHM3UTL OIacHOCTE pPaHHeTro I[IpOopHEBa

Tequeﬁ Cpellkl 1 O@paBOBaHMF[ ASHKOB MM3—3a4a PpPa3HOCTU BA3KOCTEeM B
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IJjiacre.
Kpome TOT'O, OIOVIH BaplMaHT OoOCymeCTBJIEHMA MSO@peTeHMﬂ
InpenycMmaTpmBaeT, dTOo KaMepa BRJIOUAEeT 3S0HY, B KOTOpOﬁ

eCTeCTBEeHHBM IIyTeM CO@MpamTCH I'a30BEIe BRKJIIKOUEHIMA IIOonO HeﬁCTBMQM
TPaBUTALMOHHEIX CWUJI, U TpyDOONpOBOI pasMemalnT B YKa3aHHOM B3O0He
WM PAOOM C Heo, U/WIM KaMepy pasMemailnT TakumM o0pa30M, UTOOH
nepBasd CTeHOUHasa YacTb, YyHOapdomasa [0 Tekydyel cpene, OwJa
pacroJjioXeHa BHe yKa3aHHOMW 3O0HH.

B curucTrTeMe Tequeﬁ CpelEl, BKﬂmanmeﬁ TPaHCIIOPTMPOBaHME
Tequeﬁ Cpelr, TeKydad Ccpela B HeKOTOpHﬁ MOMEHT IIOUTM Hen30eXHO
COOEpPXNT BRJIIKUEHMA I'a3a - HaliprMep, B @opMe BO3OYXa,
3axXBauvyeHHOTO B CHCTeMy C CaMOoT'0 Hadajla. KpoMe TOTO, B TekKydeu
cpene MOTYT CcCO3OoaBaTbCA I'a30BEIE ITY 3BEIPE KM BCJIeOCTBHME
TypOyJIEHTHOTO TeUeHMs, WM BCJIEeNCTBUe Ipollecca CoyOapeHUus
IepBOM CTEHOUHOWM YacCcTH, yIapsAKmel 10 TeKyuel cpene. JloOHe Takue
I'a30BEIE BRJIIOUEHMA, KOHEeYWHO, 100 HeﬁCTBMeM CHMJIBL TAXeCTr,
IOOHMMAKTCH M CcoOMpalTcsa B ONOHOM MM O00Jiee 30HaAX KaMepH, TIIOe
Ta30BEHE BKJIOUEHMI VYXe He MOT'yT OOoJIblle INOIOHMMAaTbLCHA. HamboJjee
dacTo DSTO IIPOUMCXOoIVT B caMom BerHeﬁ YacTr KaMepPEHl. HOCKOHbe
criocof mnNpenycMaTpuBaeT pas3MelleHMe KaMePe TakuM o60pa30M, UTOOH
n3bexaThk HaKOIJIeHMS Ta30BHEX BKIOUEHUN, TOe IepBasd CTeHouHasd
yacThb yoapsaeT 1o TeKyudeln Ccpene, nojiyyaeTcHd, uTo  yoap
BEREITIOJIHAEeTCSA IIO Tequeﬁ Cpenle, M He IIO0 T'a30BEHM BKJIIKUEHMAM WMIIN
TOJILKO MMHUMMAJILHO IO HMM. TakuM o00pa30M, COoKpalaeTcsd CMelleHue
HepBOﬁ CTEeHOUHOMN JacTiu, IIOCKOJIBRY CXVMMaeMOCTb Tequeﬂ CpelEl
ABJIAETCHA 3HauMTeJILHO 6oJiee HMSKOﬁ, ueM Y T'a30BEIX BKJIIOUSHUN .

HOSTOMy COKpaleHre WM IIpedOTBpalleHMe HaKOIIJIEHMA T'a30BEX
BKJIIOUEeHMIM BOJM3M oBOJjiacTU YOapHOT'O BOSHeﬁCTBMH BeleT K YIOapHOMY
oaBJIeHMIO C 0o0Jiee BHCOKOM aMILUIMTYHOoM, ©60Jiee KOPOTKMM BpeMeHeM
HapaCTaHMA U BoJiee KOPOTKVMM BpeMeHeEM KOHTaKTHMPOBaAHWMA, GHaPOﬂapH
Jydllel Tepelade S2HEPTUM YyIapAKMeTo IpeIMeTa TeKydel cpelle.

KpOMe TOTO, B pe3yjlieTaTe COKpaleHMA NI IIpeoTBpalleHM A
HaKOIIJIECHMA I'a30BEIX BKJIIOUEHUM BOJIM3U oBJjlacTu YOapHOT'O
BOBHeﬁCTBMH COKpamaeTCAa OIIaCHOCTB KaBUTalIlMOHHEIX ABJIEHUN B
Tequeﬁ cperne, U4YTO UYWacCTO BelleT K M3IHOCY UM IIOBPEeXIEeHMIO CHCTEMEL

Tequeﬁ Cpellbl. OTO OOCTHUT'aeTCd TeM, UTOo SHepI'rMAa Yyhapa IJIaBHBIM
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oBpa3oM IpeobpalyeTcd B yOapHOe IaBJIeHME B TeKyudell cpelle, HO He
lepellaeTCad Ta30BHM BKJIIOUEHUAM,

[IOCKOJIBKY IIpelIMeT HOJIA CTOJIKHOBEeHMA C IIepBOM CTEHOYHOU
YacTbl pas3MemanT BHe TeKyudel Cpelb, MOXeT OBTb IOCTUITHYTO TO,
yTOo O60OJbIlasg UYacThb KOJIMYUECTBa [OBWXEeHMS, eCJiM He BeChb UMIIYJbLC
CMJIBl, TIpenMeTa Ipeolbpas3yeTcsa B yOapHOe IaBJIeHMe B Tekyudel
cpeIe. B HDpoTMBHOM cCJiydae, eciM OH IIpollecC coyOapeHusa OBl
IpoBeleH B TeKyueM cpele Ha IJIyOuHe, HeKOTOopasd YacThb KOJMUeCcTRBa
IBVWXEHUA IIpeIMeTa Tepsajlachk OB BCJIeNCTBUME CMelleHUMS TeKydel CpenH
Ilepel COoyOapeHMEM.

IBKYyIIMMCA HOpeIMeT MOXeT CTaJIKMBATLCA, WIM COymapaThbCHa, C
IIepBOM CTEHOYHOM YacCTbl HeIOCPpeICTBEHHO WM OIOCPeIOBaHHO,
yepes OpyTIMe coylapeHusa. KaMepa M CTeHOUHHE UYacTM MOTYT VMETH
pra3HooOpasHEe QopMEl. KaMepa MOXeT BKJIOUATH LUWJIMHIP C ILJIYHXEPOM,
C IOpeIMEeTOM, KOTOPHM coyIapsdeTcsd C IUIYHXepOM WM C LIUIMHIPOM.
KamMepa MOXeT BKJKUATL JIBe UIMIMHIPUUECKMX YacCTU, BCTaBJIEHHHX
OO0Ha B IOpyrybo. IlepBas CTeHOYHas 4YacTh, HalpuMep, B dopMe
IJIyHXepa, MOXeT BKJIOUATE TOJOBKY, PAaCIOJIOXKEeHHY I[IOBepxX WU
IIOJIHOCTBI TIOTPYXEHHOM B TeKydyl Cpely BHYTPpM KaMepi. Kpowme
TOTO, neprasd CTeHOouHasd YacThb MOXeT OEITH pasMelleHa B
HalpaBJigomey OTHOCUTEJILHO OKpyXaKlel YacTy KaMepH, WM MOXeT
IIONNEePXNUBATLCSA He3aKpeIlJIeHHOY Ha CcBoeM MecTe. Kamepa MOXeT OHTH
coeIMHeHa C OIOHMM MM OoJiee TpyOonpoBomaMy, pas3MelleHHEMM B
coofmeHUM IO TeKyuel cpene MexOy TeKydeM cpeIdol B KaMepe ¥ B
IIJIaCTOBOM pes3epByape, I'Ie TeKydas cpela MOXeT MCIOJB30BaTLCH,
HanpuMep, B oOlepaluax TII0 M3BJIeUEeHMI YIJIEBOOOPOINOB, TaKOM Kak
INOA3EMHHM IIJIaCT WM CTBOJI CKBaXMHH. JOMNOJIHUTEJILHO, KaMepa MOXeT
OHITL pasMemeHa Tak, UYTOOHE TeKydad cpelda TpaHCIoOpTHUpOoRalach
yepes KaMepy.

[IpollecCc cCcoyOapeHMs MOXeT OHTH [IPOCTHM IYTeM MHUIMMPOBAH
TeM, YTO BHIIOJHAKT [DaleHMe ONHOTO MM 0DoJjlee NPeIMeTOBR Ha IIEPBY
CTEHOUHYI dYacCThb C HOaHHOM BHCOTH. Torma BeJMUMHA CO3OaHHOTO
YIOAPHOTO HOaBJIeHMS MOXeT OIpeleliATbCsa MacCOoM IIajanlero IIpelMeTa,
BHICOTOM TaleHMs U ILJIomMalblo IIONePedYHOI'0 CeUeHMda TeJjla B KOHTaKTe
C Tekyuel cpenon. TakuMm obpasoM, aMIUIMTyIa CO3LaHHOTO YyIOapHOTO

TaBJIEHMA WM BpeMA, 33a KOTOopoe OHM Ccoz3nakTCcAd, MOXHO tes TPy Ioa
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KOHTPOJMPOBAaTE . [[ogoOHEM o0OpasoM, aMIJIMTyIa OaBJIEHVWS MOXeT OHTH
JIETKO CKOPPEeKTHpOBaHa, WM3MEeHeHa WM 3allaHa pelyJIMpOBaHUEM,
HalpMyMep, MaccCH IIpelIMeTa B IIpollecce COoyOapeHWMs, BHCOTH I[IaleHusd,
OTHOCHUTEJILHOM CKOPOCTM COYyIapAKIMXCS OpeIMeTOB, WM ILJIomanu
[IOIIEPEeUYHOTO CceueHusa (HanpuMep, OMaMeTpa) IIepBOM CTEeHOUHOM UYacTu
B KOHTaKTe C TekKyuel cpeIol. O5TM BO3MOXHOCTM HACTPOMKM MOTYT
OKa3aTbCs 0COOeHHO OJIaTONPUATHEIMU [IPM HaTHEeTAHMM TeKyuel Cpend
¥ B 3aBOIHEHUM TekKyuel Ccpemnom, [IOCKOJIBKY Pa3HOCTE Mexmny
HOPMAaJIbHEM IIJIACTOBEM JaBJIEHMEM WM IOaBJIEHMEeM TI'MIAIPaBJINUYECKOTO
pas3pbBa IJlJacTa YacTo MOXeT OBThL He3HAaUUMTeJILHOM.

[IoCKOJIBKY I@IpPOLleCcC CoyOapeHUAa MOXeT ObBTL BHIIOJIHEH 0es
HeOoOXOOMMOCTHU B JIIOOOM VCTOUHUKE IpAaMOT O [THEBMATUUECKOTO
CUJIOBOTO IIpPMBOIA, IpeljaraeMuel clIocod® MoxeT OBTL BHIIOJHEH C
[IOMOImEBID MeHee TabapuMTHOTO M 0oJiee KOMIAaKTHOTO OOOpyIOoBaHMUA.
Kpowme TOTO, MOIHO CTHHE TpeboBaHUA npenjaraeMoro criocoba
ABJIATCA  HU3KKMMM IO CpaBHEeHMD, HalpuMep, C TPaIULMOHHON
TexXHOJIOTMEN MMIIYJILCOB IaBJIeHMA, IIOCKOJbKY OOJIbIlasg YacThb SHEePITUM
MOXxeT OHTEL IIpeoBpas30oBaHa B yIapHoe @OaBJIeHME B TeKyduel cpele B
pesyJsibTaTe Ipollecca coylapeHUd WM yIoapa.

[lpenjaraeMelt CHIOOCOO MOPUJIOXEHMSA VYIOApPHOTO HOaBJIEHUSA MOXeT
IpeuMylleCTBEHHO DSKCIUIyaTUpOBaTLCHA Ha MecTe, TI'Ie OH TpebyeTcHd,
Wiy BOJIM3M HeTro, 0e3 Kakux—-HudyOob CclelMallbHHX Tpe®oBaHUM B
OTHOWEHUNM OXJIaXIeHMI, UMCTOTH OKpyXallmel cpenb, CcTabuIbHOCTHU
WUIM TOMY TIIOOOOHEIX CIelMaJIbHBEX YCJOBUM, UYUTO MOXeT CIOeJlaTb
openjaraeMell CIIOCOD MNpeuMymeCTBEHHBEM IJIS IPMMEeHEeHMS Ha I[IPOMBICIe
c CYPOBHM  YCJOBUAMMA . Hampumep, B orliepaumax 1o hifefe)isS
YTJIEBOOOPOOOB crmoco®6  MOXeT IpeuMyIeCTBEHHO OeliCTBOBATH C
mIaT@opMEl MM C MecTa, OJMBKOTO K IIOBEPXHOCTM. B OTIMUME OT
VMHCTPYMEHTOB CeMCMMUEeCKOW CTUMYJIALMM, OeMCTBYWIMX Ha TBeplon
CTPYKTYypPEe, UM T'Ie HeoOXOIOMMO BHIIOJIHATH COylapeHMe MexXIy I1alallyM
Tpy30M ¥  HaKoBaJIbHeM  Ha TBepOo¥  IHopome, KOTOPYK  HYXHO
CTUMYJIMPOBATE, TO ecThb, HEIOCPEeICTBEHHO B 3aboe cTBOJIA
CKBaXWMHB, CHCTeMa MOJS WCIOJHeHMsa crnocoba COIJIaCcHO BapuaHTam
OCYIIECTBJIEHUA n3obpeTeHmns He OT'paHUUYMBaeTCH KaKM—TO
CreuudrUUeCcKMM MeCTOIIOJIOXKEHMEM M He HyXIOaeTcd B HeOOXOOMMOCTHU

PasMelleHMA Ha TJIyOrMHe B 3aboe CTBOJIA CKBaXWHE, WK prasMelleHI A
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HIXe MOPCKOT'O oHa. PasmMemeHreM CUCTEMEL n IpUMeHeHUEM
openjiaraeMoro crocoba BOIM3M TIPyHTA WM, HalpMMep, Ha TpPYyHTe
Wi  Ha IJaTdopMme, WY  TOMY  IIOOOOHOM, MOXHO C  BHTOHOM
MCIIOJIb30BaTh MeHee IoporocTodllee oOopyHnoBaHMe UM OO0ecCleuMBaTh
BoJiee MHPOCTOEe M MeHee HOOPpOoTOoCTOoAllee TeXHUUeCKoe OOCIHyXMBaHUE, B
OCODEHHOCTM KOT'Da pedub MOeT O padboTax Ha MOPCKUX IIPOMEBICTAX.

Kpowme TOTO, I[IOCKOJIBKY yIapHee naBJIeHUSd, Kak
IpenCcTaBJIgeTCs, CIOCOOHH IIepelaBaTbCa Ha OJMHHBE PacCCTOSHUA U C
MMHMMAJILHEIMY — [IOTepaMM, IpeljaraeMel crnoco® [omoBHBEM oO0pa3oM
MOXEeT IIPpM XeJIaHMM UCIOJIHATBCS Ha OoTHaJleHuM OT ILJIaCTOBOIO
pe3epByapa, I'le IOJIKHO HIpuilaraTbCsa yOapHOe IaBJIeHUe.

KpomMe TOTO, TIIOCKOJIBKY CIOCOO COIJIACHO M300peTeHu He
IPOBOLAT BHYTPU CTBOJIa CKBaXMHH WM B eI'0 IJIyOMHe, WU BOJIU3U
[IOO3eMHOT'0 IjlacTa, YyHapHoe IaBJieHue, BO3MOXHO, MOXeT OHTH
CO3IOaHo B MHOT'OUMCJIEHHEIX OYPOBHX CKBaxXmHax W MecTax
HaTHETaHUA TeKydel cpelh OOHOBPEMEHHO.

Kpome TOTO, mOpemjlaraeMell CHOCOO TeHepMPOBAHMA YHOAPHOTO
DaBJIeHUA MOXET OBITE IperMyle CTBEeHHO BHIIIOJIHEH Ha yXe
CYWIECTBYKIMUX CHUCTeMaxX TeKyuux cpel TOJbBKO C  MMHMMAJIbHBEMU
HYXHEIMM HacCTpoMKaMM WM ©0e3 TaKOBHX, I[IPOCTEM [IOOKJIOUYEeHNEM
000pPYLOOBaHMA OJIA TI'eHEePUMPOBaHMA yIapHOT'O LOaBJIeHMUA.

B omHOM BapMaHTe MCIOJIHEeHuA crnocoba, I'Ie I'a30Bbe BKJIOUEHUA
BHIBOOATCSA M3 KaMephl IOyTeM pasMelleHusd TpyOoNnpoBOOa B 30He WM
OKOJIO 30HE, TI'Ie TIas30BHE BKJIKUEHMS COOMpaKTCsa eCTeCTBEHHEM
obpasoM, OOCTHUIaeTCsa TO, UTO I'a30BHEe BKJUeHMSI OyOyT 20OeKTUBHO
M OHCTPO IMOJHOCTBI MM UYaCTUUHO YHAJATHCH U3 KaMepeH Tekyudeu
Cpenol, HeNpephBHO WM I[epUMOIMYEeCKM B OTHOWEeHMM IIpoliecca
coymapeHusa. JoOeHe I'a30BHE BKJIIOUEHMSA MOIYT IIPOLOJDKATE COOMpaTbBCH
B 30HEe, HO MX HAaKOIUIeHMe IpeloTBpallacTCd C IIOMOIMLI OIMUCEHBAEMOI'O
pasMelleHVss TpyOolpoBOoLa IIPOCTHM, HO TeM He MeHee 5OQeKTUBHEM
IyTeM.

B BapmaHTe MCIOJIHEHMA clocoba, I'Ie KaMepy pa3MellanT TaKMM
ofpasoM, UTO TIIepBas CTeHOUHasd dYacThb, YyIapAwomas I[I0 TeKyuen
cpelle, pPacIoJIOXeHa BHe BTOM 30HHE, HOOCTUIAeTCsa TO, UYTO yIap
BHIIOJIHAETCSA IJIaBHEM oO0pas3oM IO TeKydeM cCpele, n He I0

I[IpMCy TCTBYRIIVM B KaMepe I'a30BEIM BKJIOUEHMAM, nJin B
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He3HAauUMTEeJIbHOM CTeleHM IO HMM. Takum ofpasz3oM, I[IoJydaTcsa CIocof,
HEeUyBCTBUTEJILHEM K IIPUCYTCTBMIO Ta30BHX BKIOUEHUM WIM CO3IaHU
Tas30BHX BKJOUEHMM B TeKyduelM cpele, UM CHUCTeMa TeKyudel Cpenb He
HyXOaeTCcsad B TmMATeJbEHOM BeHTMJIMPOBAHUM IIepel MHUIMMPOBAHVEM
JIBOTO IIpollecca CO3OaHUA YyOapHOT'O OaBJIeHUHA.

CorJjlacHO OIHOMY BapMaHTy MCIOJIHEHMA, IIPOoLecc cCcoylapeHUd
openycMaTpMBaeT IIaleHMe OpelMeTa Ha I[IepBYKD CTEeHOUHYK YacTb IO
oecTBMeM CUJIBL TaxecTr. Kak OBJIO YIIOMAHYTO paHee, STO TeM CaMbM
MOXeT OHTb OOCTHUIHYTO B Ipollecce coyIapeHusa, obecrneuuBammero
coz3OaHMe  yIapHBX OaBJIeHUM 3HAUMUTEJILHOM BeJIMUMHE  IIPOCTHMMU
cpencrtBaMm. CO3IaHHEE aMIJIMTYOE IOaBJEHMS MOTYT OHTBH ONpeleJIeHH
M OTperyJIMpOBaHH KaK QYHKIMS Beca [Ialanlero IpeIMeTa, CKOPOCTH
opeoMeTa IOpM CcoOyIapeHuu, eTro MaccCh, MacChH IIepBOM CTEeHOUHOMU
yacTu, M ee ILJIomaOM IIONepedyHOoTo CceueHMsS B KOHTAKTe C TekKyuen
cpemo¥. IlpeMMymeCTBEHHO MOTYT OHTL IIOJIYUeHH aMILIMTYIOH OaBJIEHUA
B IOuanas3oHe 50-600 Bap (5-60 MIla), Takme Kak B OualnaszoHe 100-
300 Gap (10-30 MIla), Takue Kak B nOumanas3oHe 150-200 Bap (15-20
MIla) . BuIeyInoOMAHYTEE TIapaMeTpH BJMALT Ha BpeMsa HapacTaHUA
YyOAapHOTO  OaBJIeHUSA, KOTOpOe IIPeMMYIIeCTBEHHO MOXeT  OHTb B
ouanasoHe 0,1-100 Mcek B TOUKe M3MEpPeHMHA, TaKoe KaK B Oualla3oHe
0,5-10 Mcek, Takoe KaK OKOJIO HECKOJBbKMX MUJIJIMCEKYHI, HalpuUMEep,
npubamusuressHo 0,01-5,0 mcek.

CorJjlacHO OJHOMY BapMaHTy MCIIOJIHEeHMHA, IOIpelIMeT CTaJIkMBaeTCd
C IIepBOM CTEHOUHOM YacCTbid B BOS3IYMHOM OKPYXKEHUMN.

B oOHOM HOOMNOJIHUTEJILHOM BapMaHTe OCYMeCTBJIEHUS M300peTeHUd,
crmoco® cormJlaCHO JOOMY M3 BHIEYKAa3aHHBEX CJy4daeB OOIMIOJIHUTEJIBHO
BRJIIOUAET CTaIMio, B KOTOPOM TeHepUMpPYIT HEeCKOJILKO IIPOLleCCOB
coymapeHMs C BpeMeHHHMM MHTepBaJlaMM. I2ITO MOXeT OeMCTBOBATL IMIJIA
ycuilienus oSobekTa  yIapHOTO IOaBJIeHMs, CO3DaBaeMoT'o B TeKyuen
Ccpene. YnapHOe  IaBJIEHME  MOXET co3maBaTkCAaA C  pPeTyJIAPHBEMU
VHTepBaJlaM/ WJIM C HepeTyJISPHEMM MHTEpPpBaJlaMM. B KadecTBe OIHOTO
IprMepa, YyIOapHOe IaBJIeHME MOXeT OBThH MHOYLUMPOBaAHO OOJIee YacTO U
c 0OoJlee KOPOTKMMM MUHTepBaJlaMM BpeMeHM Ha 0o0Jiee paHHeM CcTaluu
orepauuu 1o nobedue yIUIEBOOOPOIOB, u c 0BoJjiee OJIUTEJIbHBEMU
MHTepBaJlaMM I[IO03IOHee. VIHTepBaJlEl BPEMEHM MeXIOy LIMKIIaMM YIOapHOI'O

JaBJIEeHMA MOT'YyT, HallpyMMep, pelyJIMpoBaTBECA WM KOPPEKTHUPOBATBECAHA B
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3aBUCUMMOCTM OT pPe3yJIbTaTOB M3MepeHuM (TakMx Kak M3MepeHUd
OaBJIEHMSA) , BHIIOJIHAEMBEIX B TO Xe BpPeMsd Ha IIOI3eMHOM ILjlacTe.

CorJjlacHO BapMaHTaM OCYIEeCTBJIeHMSA U300peTeHusd, IIPOLECCEH
coynapeHusa IeHepUPYITCHd C MHTepBajlaMu BpeMeHM B OuarnasoHe 2-20
CeKyHI, TaKMMA Kak B omarasoHe 4-10 CeK, TaKMMA Kak
OpubIM3UTEJIEHO 5 cekyHIO. OINTMMaJlbHEIE MHTepBaJlkl BPeMeHUM MOTYT
3aBUCEeTb OT TakKux (akKTOpOoBR, KakK THII IJJacTa, I[IOPMCTOCTL IIJlacTa,
OIIaCHOCTL paspHBa ILJlacTa, U T.O. I[IpedlouTuTeJIbHEIE MHTEepPBAaJIH
BpeMeHM MOTYyT 3BaBUCeTh OT Takux GakTopoB, Kak  aMILIMTY OB
npmijlaraeMoro OaBJIEHMSA M BpPeMa HapacCTaHWUA.

B ozmHOM BapMaHTe MCIOJHEeHMA Croco® BKJIOUYaeT CTaIlio, B
KOTOpOM TEeHEPUPYIOT [IEPBY [IOCJIeIOBRATEJIbHOCTE MpOoILIeCCOB
coymapeHMs C IIepBOM HACTPOMKOM aMILJIMTYIH OaBJIeHMS, BPEeMeHU
HapacTaHudg, ¥ BpeMeHM MexXIy CcoyIapeHMAMM, C IIocJelnyiiley BTOpOou
IOCJIeIOBATEJILHOCTLID IIPOLIeCCOB CcoyIapeHusa C MHOM HaCTPOMKOM
aMILJIMTYIOH @OaBJIeHMS, BpPpeMeHM HapacTaHMsa, W MHTepBaJIOM BpPEeMeHU
MexIoy coyIapeHuaAMM. HanopuMmep, STHUM IYyTEM MOTYT BHIaBaTLCS CEPUM
YIapHEX OaBJIeHUM. 2OTO MOXeT OBTHL IIOJIe3HHM IJIS YCUJIeHUS OeMCTBUA
yIOapHEX I»OaBJeHuM. Kak OpbJio YIOMAHYTO paHee, aMILINTyna WU
MHTepBaJl BPeMeHM UHIOYLMPOBAHHEX YIAPHHX OaBJIEHUM MOTYT OHTH
OTHOCHUTEJILHO IIPOCTO MOOMIUMUMPOBAHH W OTPEeIlyJIMPOBAaHE, HaIlIpUMep,
KOppeKTUMpOBaHMeM Beca OBUXYMerocsa IOpeaMeTa, WIM HaCTPOMKOM
BHICOTH IIaleHUd.

B oIOHOM BapHraHTe OCYIEeCTBJIeHUSI U300peTeHUs HaCTPOMUKY
aMILJIMTYIOH OaBJIEHMS M BpeMd HapaCcTaHMS BapbUPYT IyTeM M3MeHeHUS
MacCHl OBMXYIIETOCSH npeIMeTa, u/nnm M3MeHeHreM CKOPOCTHU
OIBUXYMEeTOCsa IIpelIMeTa OTHOCUTEJILHO IIepBOM CTEeHOUHOM YacTu Iepeln
coymapeHreM. IlapaMeTph YIAPHHX IaBJIeHUM, TaKue KaK aMILIUTYOH
IOaBJIeHMS WJIM BpeMa HapacTaHua, TeM CaMbM MOT'YT OHTL W3MeHeHEH
CcooBpasHO HeOBXOOMMOCTM  NPOCTHEMU, HO Bce Xe 50PeKTUMBHEMU
CpelCTBaMM, ¥ KOHTPOJIMPYEMEIM IIyTEM.

KPATKOE OIIMCAHVE UEPTEXEN

Hajlee pasJIMUHEE BaAPUMAHTE OCYIIECTBJIEHUA UN300peTeHUdI OyOyT
ONMCAaHE CO CCHJIKOM Ha UYepTexy, B KOTOPHX:

Our. 1A-D WIIOCTPUPYIT IIPMHUMUIE OU3MKM yIapa, IpUMeHMMEBE

OJIA TIOHVMMaHMA YyHOapHOI'O IOaBJIEHMA,
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dur. 2-3 T[OKa3HBaKT BapMaHTH MCIOJIHEHUSA YCTPOMCTB IJIA
TeHepUpPOBaHMA YIapHHX HOaBJIeHUM B TeKydel cpele, HaxXOOANEWCS B
CoOfmeHUM IO TeKydel cpele C MNOO3eMHEM ILJJACTOBEM pPe3epByapoM,

durypa 4A WUIIOCTPUPYET TUIMUHEM OPpOQWIIL YIOApHOTO IaBJIEHU,
IIOJIyYeHHHM B XOIe 5SKCIEepMMeHTOB Ha KepHax IleCcuaHMuka Berea,

durypa 4B nokasbBaeT OOMHOUHHM MMIIYJILC YIapHOTO IOaBJIEHUS B
BoJjiee nompoObHOM U30OpPaXeHUMU, [IOJIYUYEHHOTO ¥  U3MEPEHHOTO B
SKCIepUMEeHTax IO 3aBONHEHMK Ha KepHax IIecuaHuka Berea,

durypa 5-6 mnpencrariageT oO0mMM O0O30PHHM BUI KOHOUIypalUM,
VCIIOJIb 30BaHHOM B SKCIIEePUMEHTaJbHOM VCIHTaHUU Ha KepHax
[leCUuaHMKa Berea C UCIOJIE30BaHUMEM yIapHOTO HOaBJIEHUSA,

durypa 7 IHOpelcTapjisgeT o000O0MleHMe HEKOTOPHX pPe3yJibTaToB,
[IOJIYYEHHEX B DKCIEepUMMEeHTax II10 BaBOIOHEHMK C YHOapHBM OaBJIEHVEM U
es Hero, u

durypel 8-14 1oKa3HBaT pPasJIMUHHE BapMaHTH  MCIOJIHEHUS
YCTPOMCTRA oJisd TeHEPUPOBaAHNSA yIapHOTO DaBJIeHUS COTIJIaCHO
N300peTeHnD,

Ouryps 15-16 I[OKa3HBAKT SKCIEPUMEHTAJIBHYK KOHCTPYKLUMIO IIJIS
TeHepMpPOBaHMA YIapHOTO OaBJIEeHNA COTJIaCHO BapMraHTaM
OCYIWEeCTBJIEHUA MN300peTeHNnd,

Ourypel 17 m 18 [okKasHBalT DBDKCIEPMMEeHTAaJIbHEE pes3yJbTaTH
M3BJIeUEHM S MAacJISHOM TeKydelM cpelbl M3 IOByMepHO¥M (2D) mnopucTon
Cpelbl C TeHEpMPOBAHMEM YHOAPHOTO HabBJIEHMA M 0e3 Hero, COIJIaCHO
n300peTEeHND, COOTBETCTBEHHO,

Ourypr 19-20 noka3HBaKLRT pPe3yybTaT M3 OUMI'YypH 18 C OOoJIbIMMU
YyBeJIMUeHU IMHA,

durypa 21 WIIOCTPUPYET IBe XapaKTepUCTUUeCKUX KOHOUTypalluu
IOp B 3KCIEPUMMEeHTAaJIbHOM MOopUCTOM 2D-cpene, KakK BUIMMHE CBEPXY U
cBoKRYy,

OUTYpPH 22-23 HNPeOCTaBJAKRT CXEeMbl pacllpelleJIeHMSA OaBJIeHUS Kak
OyHKUMIO OIMHE D- ¥ C-pexyrMOoB, COOTBETCTBEHHO,

durypa 24 nOpencTaBJIgeT CXeMy [IPOHMKAKIEN B IJIaCT TekKyden
Cpelnil, NOPOXOIAlel M3 IOPH Uepes IOPOBEM KaHal,

OurypH 25-26 NOKa3HBAaKT Pe3yJIbTATH UUCJEHHHX MOISJIMPOBaHUN
Z-TIOJIOXEeHM S KaK OQOYHKUUM IBYX Pa3JIMUHEIX OTHOUEHUM BA3KOCTHHX CHUJI

K KallJIJIAPHEM CHJIaM, WM IOJIA OJIMBKOBOI'O MacCJla, U
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OUTYPH 27-28 IIOKa3EBAaKT pPes3yJibTaTH UM CJIEHHEIX
MOOEJIMPOBAaHMM, TOHNOOHHX IIOKasaHHEM B OouIypax 25-26, HO 1J4
napaMeTpOBR HedTU M3 HedTHAHOT'O MecTopoxneHusa Gullfaks.

[IOOPOBHOE OIIMCAHME UEPTEXEM U BAPMAHTOB OCVYIIECTBJIEHUA
VI3OBPETEHNA

YoapHbele OaBJIeHUA IIOOOOHH paclpOCTPaHAKIMMCA I'MOpaBIIMUEeCKMM
yoapaM B Tekyuel cpele, M TI'eHepUpyITCd IIpOollecCoOM COyIapeHus, -
IO TBepOHM IpelIMeTOM, B IBMXEHUM COYIaApPAKIMMCS C TeKyuel
cpemo¥, Jmbo TIpoTekawmeMr TeKyuel cpenou, cTajIkMBawmencsa cC
TBEPIOEM TeJloM. IlocJIemgHSd CUTYallMad OIMCHBaeTCsa B paMKax SABJIEHUS
TUOPaBJIMYECKOTO YIapa, I'IOe KOJMUeCTBO IOBMXEHMS I[IpoTeKawlen
Tekyuel cpenbl npeobpal3yeTcsa B YVIapHHe OaBJIeHMS B TeKyuel cpele.

OUBUUECKUIM OPMHLMKII Ipollecca CoyIapeHMA MexOy TBepIhM TeJIOM
U TekyueM cpenon ©OoJee noipoBHO oOIMcaH »DaJjiee, CHauaJla C
pPacCcMOTPeHMEeM CTOJIKHOBEHUNM MexIy TBepObMM OIpeIlIMeTaMM, KOTOophe
AHAJM3UPYITCSA Ha MOIOEJM COYIAapeHMS WUIealIM3UPOBAHHHX OMIIBbAPIHEIX
mapoB.

Momesie coymapeHMsa OMIbAPIHEX WapoB obpucoBaHa B ¢urype 1A,
WLIOCTPUPYKIEe pasJIMuHEEe 5STallkl BO BpPeMfa Ipollecca coydapeHus
MexIoy IOByMS OWIJIbApOHBEIMM mapaMu 1 u 2. [loka3aHHBE Ha 2TOM ourype
STane OpelcTaBJIST coboM CBepXy BHMS3; 1) BTal, Ha KOoTopoM map 1
OBMXETCA CO CKOpoCcTerido U B CTOPOHY HENOOBMXHOTO mmapa 2, 2)
MOMEHT TIIepBOTO KOHTAaKTa, 3) MOMEHT MaKCHUMAaJIbLHOTO  CXaTUA
(mpeyBeJMueHo), 4) MOMeHT IIOCJeIHero KOoHTakTa, ¥ 5) »Tamn, Ha
KOTOPOM map <2 IBWMXEeTCS CO CkopocTei U, ¥ map 1 HEIOOBWXEH.
STars 2-4 COCTaBJIAIT JyacThb cTangumn yoapa (nym IPOCTO
coynapeHue) . CoyIapeHMEe HauMHaeTCsa BO BpeMs IIepBOT'O KOHTakKTa
(pTan 2), M 3aBepmaeTcd B MOMEHT IIOCJeIHeIro KOHTakKTa (mTamn 4),
¥ BpeMsa KOHTAKTUPOBAHMSA IIpelcTaBligeT coBoM NPOOOJIXUTEJILHOCTL OT
[IEPBOTO OO TIOCJIEeNHEeI'0 KOHTaKTa.

MonmeJsib coylapeHUd OMIbAPIOHEIX MapoB MOIOEJUPYET IIPOILlecc
coymapeHMsa Kak IpollecC MIeaJlbHO YIPYTOT'O B3auMMOIeMCcTBUA 0es
IIOTepU KUMHETHMUECKOV SHepTMM BO BpeMd LMKJIa cXaTud (Harpy3KHu) U
BOCCTAHOBJIEHMS MCXOOHOT'O COCTOHAHUA (CHATUA HaT'py3ku). MoIoelb
coynapeHusa OMJIIb AP HEIX maposB npenrojiaraeT OTCYTCTBUE

I[IPOHVMKHOBEHMA U oOMeHa 4YacTaMu MaTeplraljla MeXnOy IapaMyM BO BpeMA
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Ipolecca coyapeHu4d. OTHOCHUTeJIbHAaS CKOPOCTE U mapa 1
IpeICTaBJIIeT CKOPOCTE COYIDapeHWsa, ¥ TIIOCJe MOMEHTa IIepBOTO
KOHTakKTa (»Tanm 2) B3aMMOIPOHMKHOBEHME IBYyX WMapoBR He ObBUIO OH
00YCJIOBJIEHO KOHTAKTHHM YCUJIMEM, BO3HMKAKIMM B 00JIlaCTM KOHTakKTa
MeXOy IOByMsa mlapaMi. [IpOOOJDKMTEJIBHOCTE LMKJIa CXaTusa (oT sTala 2
oo sTarna 3) npelncTaBJigeT coBon BpeMsa HapacTaHu4g
KOHTAKTUPOBAHMSA, ¥ OPOIOJIKMTEJILHOCTL BOCCTAHOBJIEHUMS MCXOOHOTO
cocTosaHMA (oT 5Tamna 3 n§o 5STana 4) npencTaBageT cobol BpeMs
ocnabjeHus KOHTAaKTUPOBaHUSA . TaxkuMm obpasowM, BpeMmsa
KOHTaAaKTMpPOBaHMa (OoT DTanda 2 »Oo 5Talda 4) [OpeXdcTaBJageT codon
CyMMy BpeMeHM HapacCTaHMA KOHTaKTUPOBAHMA M BpPeMeHM ocjabljeHus
KOHTaKTUPOBAHUS .

KoHTaKTHHE YCUIMSA BO3pacTalT IO Mepe YyBeJIMUeHUSA IJIomanu
KOHTaKTa ¥ CXaTusa. B HEeKOTOPHM MOMEHT BO BpeMsa COyIdapeHUs
paboTa, BHIIOJIHAEMass  KOHTAKTHHMM  YCUJIMAMHA, ooCTaTOYHa  IJid
DOBEeIEeHUSA CKOPOCTH CBeOeHusd OIBYX mapoB oo HYJIA. Chie!
npencraByageT coboM MOMEHT MaKCHMaJIbLHOTO cxaTmsda (pTan  3).

CMmeleHMe (BeJIMUMHY CXaTudg) mapa 1 BO BpeMd LMKJA CXATUS MOXHO
OLIEHUTEL C MCIIOJIb30BaHMEM IPUHIMIA COXPaHEeHMS sSHepTuu MU=2FAs,

M [OPMHLMIIA COXpaHeHUs KOJMUeCTBa MOBMXeHus FAt=MU, Toe As
IpencTaBJigeT CMelleHre, KOTOopoe HeoBXOoOouMmo mOJjd TOor'o, YTOOH
patora FAs O©Owpla paBHa KMHETUUECKOM SHeprMM. BpeMsa KOHTaKTa
npencrapjiseT cobo At, M TeM CaMeM CMelleHMe 3amgaeTcs Kak
As=UAt/2.

OueHka BpeMeHU KOHTaAKTUPOBaHUA MOXeT OBITE [IoJIy4YeHa
IPVMMEeHEeHEM TeOpeTUUeCKUX IPUMHLIUIIOB M3 TeOopMM CcoylapeHun I'eplia,
paccMaTpMBaKIel CcoylapeHMe MIeaJIbHO TBepHoM CdepH M MIOeaJIbHO

TBEPOOM IJIAHAPHOM IIOBEPXHOCTM. 3akoH I'eplla MOXeT OBTE BHPAaXEH

YE 1/5
At =286 | ——
RE*?U

roe E* 3anmMcHBaeTcsa Kak

Kak

1 1-¢* 1-o;
— + ,
E* E, E,
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«E» nOpencrTaBJIgeT MOIOYJb YIPYTOCTM, U «O» IpeacTaBJISeT
KondduiMeHT IIyaccoHa nJa cbepel (1) ¥ ILJlaHAPHOW TMOBEPXHOCTU (2).
Janmay w Jnpmmi MOOMOUUMPOBAJIM 3akoH I'epla OJS IIOJIYYEHUS

YPaBHEeHU S

a-o2?m?\ "
RE*U )

At=329<
I0JIS IOBYX MISHTUUHHX IIapoB C Maccow M um paiuycoM R, TOe
Ternepb «E» OpemOcTaBJIAeT MOOYJIb YIPYTOCTM, W «O» IIpelcTaBJIgeT
Ko30ouMeHT IlyaccoHa @OJda IOBYX mapoB (cMmoTpu pabory Landau wu
Lifschitz, Theory of elasticity («Teopusa VIPYTOCTU») ,
Theoretical Physics, ToMm 7, 3-e wu3maHue, 1999, wu3maTeJIbLCTBO
Butterworth-Heinemann, Oxcdopmn) .
BEuJIbApOHBEIe Maph, M3TOTOBJIEHHEE U3 dpeHOJbDOPMAJILIETUIHOM
CMOJIEI, WVMeKnT MOOYJIbE YIPpYT'oCTM oOkoJio 5,84 ITa, M KOOOPULUMEHT
[IyaccoHa okoJio 0,34. JIBa MIOEHTUMUHEX OWJILAPIOHHX Iapa C R=2,86 cM

u M=170 1T, cCTajJKMBawmMecsd CO CKOpocThl U=1 M/CeK, HUMeT BpeMd

KOHTaKTupoBaumsa mnopsaka 0,13 Mcek, M TeM caMeiM AS COCTaBJIAJIO OH

BeJIMuMHy nopsdanka 0,065 mM. KOHTakTHOe yCHUIIMEe MOXeT OHTB OLIEHEHO

nprMeHeHUueM ypaBHeHus F=MU/At ¥ BHIIEYKa3aHHHX 3HAUEHUN, C
[IOJIyUYEeHEM TeM CaMbIM KOHTAKTHOT'O YCMJIMA nopsanka 1,3 kH, paBHOTO
Becy IpeIMeTa C Macco¥ okoJo 130 kKI'. 59T0 mnpencTaBjsgeT codou
OTPOMHYID BeJIMUMHY CPaBHUTEJILHO C MacCoOM IBYyX OWMJIbLAPOHEIX MapoB
(170 1). OSTM HabmogeHVA Q(OPMUPYIRT OQYHIaAMeHTaJIbHYID THUIOTe3y
TeoOpUM COyIdapeHMa TBepOexX TeJil. HecMoTps Ha ©OoJbmoe KOHTaKTHOE
yvcuime (1,3 kH), ¥MeeT MeCcTO OuUeHb MaJleHbkoe cMemeHmue (0,065
MM) , IpoUCXOonOdmee BO BpeMsa OueHb KOPOTKOTO nepuona
KOoHTakTuporanuda (0,13 mMcek) .

durypa 1B m300paxaeT NpollecC coylapeHMuda, IpedyCMaTpUBAalImi
LENMOUKY M3 MNATU OMIbAPIHEIX MapoB, M (UI'ypa [IOKa3HBaeT CJeOyllye
2Tarsl CBepxy BHM3: 1) BTarn, Ha KOToOpoM map 1 IBWXETCS CO
ckopocTe U B CTOPOHY mMapoB 2-5, BCe M3 KOTOPHX HEINOIBWXHH, 2)
3Tarn coymapeHusa, W 3) »BTal, Ha KOToOpoM mmap 5 IBWXeTCS CO
ckopocTrr U, M mape 1-4 HeNOOBWXHH . [MKJI CXaTUa MexXny mapammi 1
M 2 HauMHaeTCsa B MOMEHT IIepBOI'O KOHTAaKTa MeXOy mapaMi 1 U 2, U

yKaBaHHBIﬁ IMKJI CXaTlAa S3aKaHuMMBaeTCA B MOMEHT MaKCVMMaJIEHOTI'O



24

cxraTuUa Mexny MapaM 1 m 2. UMK BOCCTAHOBJIEHMS MCXOIOHOTO
COCTOSHMSA HauMHaAeTCd B YyKasaHHHBM MOMEHT MaKCHMaJlbHOTO CXaTusd,
HO elle OOMH LMKJI CXaTud MeXOy MlapaMv 2 M 3 HauMHaeTCsa B TO Xe
BpeMs, KakK YyKas3aHHBM LMK BOCCTAHOBJIEHUSA MCXOOHOTO COCTOSHUSA.
TakuM o6OpaszsoM, LMKJI BOCCTAHOBJIEHMA MCXOOHOTO COCTOAHMA MeXIOY
mapaMu 1 m 2 pas3BMUBaeTCAd IlapaJiJleJJbHO C LMKJIIOM CXaTUd MexXIy
mapaMi 2 u 3.

5T CHUMMETPMUHEHE BOCCTAHOBJIEHME MCXOIOHOT'O COCTOSAHMA U
cXaTHe paclpoCTpaHAnTCSa BIOOJLB LelM OMIIBAPIOHEIX WMapoB 1-5, BIJIOTH
0O LMKJIa BOCCTAHOBJIEHMS MCXOOHOT'O COCTOSHUA MexnOy mapamm 4 u 5.
IIocJIeoHUY LUMKJI BOCCTAHOBJIEHMS MCXOOHOTO COCTOSHMA 3aKaHUMBaeTCHd
Ha mape 5, OBUXYIIEMC S co cKkopocTrid U, n TeM  CaMbIM
pacrnpocTpaHeHre CUMMETPUUYHEX BOCCTAHOBJIEHUS MCXOOHOI'O COCTOSHMA
M CXaTusg [0 LelM WMapoB IlepeldaeT KOJMUeCTBO IOBWXeHMsa MU oT wmapa
1 x mapy 5. CHUMMeTpMUHEHE BOCCTAHOBJIEHME MCXOOHOI'O COCTOSAHUS U
cxraTue OOPEBAITCA Ha  lape 5, n TeM CcaMeIM = yKas3aHHOe
pachnpocTpaHeHMe TeHepupyeT OBMXeHMe mTapa 5. ClenyeT OTMETUTH,

yTOo Of0Ilnee BpeMA KOHTAKTMPOBaHMA IOJIA CHMCTEME], I/IJ'IJ'IIOCTpT/[pOBaHHOTZ B

burype 1B, cocTaBjager He 4 At, 1me At mnOpencrTaBigeT BpeMd

KOHTAKTMPOBaHMA IJIA CHUCTEME, ONMCAHHOM B OTHOIEHUU @Ml"ypbl lA,

HO, CKOpee, paBHO 3,5 At, Kak pacKpHTO, HaIpuMmep, B padoTe Eur.
J. Phys., Tom 9, cTp. 323 (1988). 3TO OeMOHCTPUPYET, UTO LMKJIIH
CKaATUS UM BOCCTAHOBJIEHUS MCXOIOHOT'O COCTOSHUS IIepPeKpPHBalnTCsS BO
BpeMeHM, Kak ObJIO pPas’sbaCHEHO BHINE, UM UTO BPeMsa KOHTAKTUPOBAHUSA

0jadg uenu m3 3, 4 m 5 OMIBAPIOHEIX WapOB COCTABJAET BeJIMUMHH 1,5,

2,5 u 3,5 At, COOTBETCTBEHHO.

ourypa 1C OPUBOIMUT CxXeMy Ipollecca COYIapeHMs, KOTOPHIMA
nomoBeH cucTeMe, OINMCAHHOM B OTHOWEHUM (UITypH 1B, TOJLKO 3Iech
NpelyCMOTPEHO CcoylapeHre MexOy TBepOuMM TejlaMM U TeKyueln
cpemoi. IMap 1 3Oeck CcTajJKMBaeTcd C IUIYHXKEPOM 2, YIapgiolMM II0
TeKkyudyel cpeme, KOoTopas, B CBOKL ouepelb, yIOapdeT IO ILUIYHXepy 4,
Toe IIO MeHblleld Mepe HeKoTopasd YacTh KOoJMUeCTBa OBWXEHUS,
[IePeHOCHMMOTO YIAaPHHM HaBJIeHMeM, IIpeobpas3yeTcsa B IIepeMelleHre
mapa 5. IIyHXepel 2 ¥ 4 MOTYT IepeMemaTbCsS BHYTPU IOBYX

SallOJIHEHHEIX Tequeﬁ cpenoﬁ IrJjiMmHIOpoB, KOTOPHEE HaXonoAaATCA B
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coofmeHUM IO TeKydel cCcpele uUepes TpybonpoBon 3. IMKI CXaTuUs
MexOoy mapoM 1 ¥ IJIYHXepoM 2 HauMHaeTCd B MOMEHT IIepBOTIO
KOHTakTa. LMKJI CcXaTusd MeXOy IIJIYHXepoM 2 M TeKydell Cpeldol BHYTPU
[IepBOTO I'MUIOPaBIMUYECKOTO LUMWJIMHIOPa TaKXe IIPOUCXOOUT BO BpeMd
coymapeHMsa, HO OH HauMHaeTCcHd Iepel MOMEHTOM MaKCUMaJIbHOT'O
cKaTMAa  MexXOy YKasaHHEM @ mapoM 1 ¥ yKasaHHBEM @ IIUJIyHXepoM 2
BCJIeOCTBMe 0OoJiee HUBKOM CXMMaeMOCTM TeKydel cpeOhH IO CpaBHEHU
C TEBEepIbIM TeJIOM.

PacrnpocTpaHeHMe CHMME TPUUHBIX LMKJIa BOCCTAaHOBJIEHUSA
MCXOIOHOT'O COCTOSAHMSA M CXaTusd IO Lelr OWMJIbBAPOHEIX  MapoB,
ONIMCaHHOE B OTHOWeHuM Ourypsl 1B, NOOODOHEM 00pasoM MMeeT MeCTO U
3IeCb B CUCTeMe, WIIRCTPUPOBaHHOM B (urype 1C, C IONOJHUTEJEHBM
CUMMETPUUHEM LUKJIOM BOCCTAHOBJIEHMA MCXOOHOI'O COCTOSHMA U CXaTUMd
B Tekydel cpele. PaclopocTpaHeHMVe B TeKyduel cpelle IepelaeTcs Kak
yIoapHOe IaBJIeHME, KOTOpOe MHUIMMPYeT LIMKJI CXaTud, 3a KOTOPHEM
cJlenyeT LMKJI BOCCTAHOBJEHMSA MCXOIHOTO COCTOSHUMSA B TeKyden
cpene, KOI'Ia OHO IIepeMelaeTCd depes TeKyuyln cpeny.

OTpe30K BpeMeHM, WX IPOIOJIKMTEJIbBHOCTL, YIOAPHOT'O HOaBJIeHUA,
M3MEPEHHOTO B HEKOTOPOM TOouKe B TpybonpoBoXe 3, MOXeT OHTH

OlLIeHEeHO C I[IpUBJIeUeHMeM 3aKoHa I'eplia

M2\
At = 2.86 | ——
RE"2U

g BPpEeMeHU KOHTAKTUPOBAHNUA . BaxHoe 3HaueHre OJis
IPOOOJIKNTEJILHOCTIU YIOApHOTO naBJIeHUA MOXeT BHITE IIOJIYUEeHO
IpYIMEeHeHMeM BHPAXEHUSA nJIg NPVBEeNeHHOT O BHIIE E*, c
MCIIOJIb30BaHreM kosbdmumenTa IlyaccoHa 0,5 mias Tekyuelr cpenwl, U
MOIOYJIS OOBEMHOM YIPYTOCTM TeKyduel Ccpenbr KaK MOOYyJisS YIPYTOCTHU.

OmHako cilenyeT OTMETHUTE, uTo IIPOOOJIXUTEJIEHOCTE IOJIXHa OBITH

nopagka 3,5 At, MOCKOJBKY BeCh IIPOLECC COyHapeHMSa B LeJIOM
BKJIOUaeT 5 IpeIMeTOB (OBa OWIbAPIOHEX Iapa, Ika IJIyHXepa M OOHY
TeKyuyln cpeny) .

OBmuiT MOIOyJb YINPYTOCTM E*, KakK 3allCaHHLI BBEIIE, CTAHOBUTCH
paBHEM 0,37 ITla ©OpM OpUMEeHeHMM HaHHEX IJIS BOOH C MOIYJIEM
o6bemHON yopyroctu 0,22 ITa. 5T0 [OEeMOHCTPMPYeT, UYTO 3HadeHUe

ofmero MOOYJISA YIPYTOCTM E* oopenejlsgeT MaTepuall C HaMMeHbLIIVM
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MOIOyJIeM YIOPYTOCTM. B KaudecTBe OOHOTO IIpMMepa, OWIbLAPOHEM map 1
C R=2,86 cmM m M=170 1, CTaJlKMBaKOIMMCA IIPU CKOPOCTU COyHOapeHUs
U=1 M/cex C ILIyHXepoM 2, HOaeT BpeMs KOHTAKTMPOBAHMUA IOPAOKA
0,37 wMcek. IlonToMy IHIPOOOJDKUTEJIEHOCTE YIAPHOTO HOaBJIeHUSA B
TpybonpoBone 3 MOXeT OBTEH OlleHeHa KaK BeJIMUMHa HopAnka 1,3 MCek
(0,37x3,5).

CofHTHME CTOJIKHOBEHMSA Mmapa 1 C IJyHXepoM 2, U pe3Koe
[lepeMelleHMe apa 5 pas3melleHH BO BPeMeHM, U yKa3aHHOe pa3leJIeHue
MOXeT B 3HAUMTEJHLHOM Mepe 3aBUCeTh OT IOJIMHH TpyOonpoBola 3.
dusuka coymapeHus B ¢ourype 1C He oIIMcaHa BO BCexX e€e OeTalifax.
OOoHaKO BaXHHMM MOMEHTaMM HABJIAKTCA Takue, UTO YyIOapHHe OaBJIEeHUS
TeHepUPYITCH IpoLEeCCOM coynapeHus, BKJIOUAMYM I BVDKYUNC S
TRBepOuM HOpelMeT (map 1), M UYTO yIOapHOe IaBJIeHUEe IepPeHOCUT (UIu
COOEPXUT) KOJMUECTBO IBMWXEHMS, KOTOPOe MOXeT OHTE [Ipeofpa30BaHO
B TlepeMeleHre (M KOJIMUYeCTBO IOBWXEHMs) TRepHOoTO IIpenMeTa (mapa
5).

durypa 1D OOPMUCOBHERAET IPOLECC COyHOapeHMs, aHaJIOTWUHLEMN
CUCTeMe, OIMCaHHOWM B OTHomeHUM OurypH 1C, kKoTOpas WMIJIOCTPUPYeET
STalbe TeHEepPMPOBaHMUA yIOapHOTO HaBJIeHMA B TeKydelm cpene. ap 1
OBMXETCS CO CKOPOCTBK U B CTOPOHY IUIyHXepa 2 B I'MIPaBJIUUYECKOM
UMIMHIOpe (HaBepxy), WM coyHmapfdeTcd C IUIyHXepoM 2, TIIOOBMXHO
pasMelleHHEIM  BHYTPU 3all0JIHEHHOT'O TeKyueln cpemou UMJIMHIOPA
(BHMBY) . IuMIpaBIMUYECKUM LUMJIMHOP HaXOOAMTCA B  COOOmMEeHUMM TIIO
TeKyuel cpeme depes Tpydomporom 3 ¢ IIOIO3eMHBEM ILJIJACTOBHM
pe3epByapoM 6 TakuM o0pas30oM, UTO COylapeHMe TIeHepupyeT yIapHoe
oaBJIeHUE, KOTOpOE  PpaclIpoCcCTpaHsgeTcsa B IIOO3eMHHY  I1JIaCTOBEM
pesepByap. YIapHoe »OaBJIeHMEe MOXeT MWHMIMMPOBATL IIepeMeleHrs B
IIOO3EeMHOM ILIJIAaCTOBOM pes3epByape, M TeM CaMbeM MOXeT T[IPUBOAOUTH
TeKyure Cpenn B IOBMXeHMe B IIOJI3eMHOM IIJJIaCTOBOM pe3epByape,
KOTOpPEE OOBUHO ABJIAKTCSA HENOOBWXHHEMM, HalpuUMep, BCJEeICTBUE
OeVICTBUSA Pas3HOOOpasHHX CUJI, TaKMX KaK KalWJIJISPHHE CUJIH.

durypa 2 IOKa3HBaeT BO3MOXHHM BapMaHT VCIIOJIHEHU A
ycrporicTBa 200 [OJjig TeHepMPOBaHMA YIAPHEIX OaBJIEHUMM B TeKyden
cpelle, KOTOPYyK 3IOeCh HaTHeTalT B IION3eMHHM ILJIJACTOBEM pPe3epByap.

Smecs YCTPOMCTEO BKJIOUAET ILIYHXEP 202, pasMelle HHE B
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rMopaBiIMdeckoM LuimHOpe 201 ¢ orBepcTeM 104 m B COOOWEeHMM II0
TekyudyeM cpele depe3 Tpybomnporon 110 ¢ pesepByapoM 232 wu
IIOO3EMHEM IIJIACTOBEIM pe3epByapoM 332, HalpuMep, OIyTeM COeIMHeHUId
TpybonpoBona 220 C yCcTbeM CTBOJIa OYpPOBOM CKBaXMHE. [UMIMHOP C
IJIyHXepoM  obpasyeT oBe CTeHOUHHX  dYacTH, IIOOBVXHEE  OPYT
OTHOCHUTEJILHO OpyTra B  3aloJIHeHHOM  TeKyuel Ccpello KaMepe.
AJIL TepHaTUBHO WJIIN OOTIOJIHUTEJILHO, YCTPOMCTRO MOXeT BHTH
coenMHeHO C JoOHM pe3epByapoM OPpYToT'o THulla, He o0083aTeJbHO
PACIOJIOXEHHHM HIXe VYPOBHSA TPYHTa. B »TOM BapMaHTe MCIIOJIHEeHMUI
BeHTMIM 121, 122 pas3sMelleHs B TpyOONpOoBOOax TakuM o0pasoM, UYTo
TeKydas cpelda MOXeT OHTbL CMelleHa TOJIBKO IIO HalpaBJIeHUn OT
pesepByapa 232 B CTOPOHY IIOI3&MHOTC ILJIACTOBOT'O pes3epByapa 332,
TIe OHa MOXeT OHTH, HaIpMMep, MCIOJb30BaHa nOJiS BHTECHEHUS
YTJIEBOIOPONOB W/UMIM [OPYTUX TeKyuuMx cpen. B IOpyI'MX BapUaHTax
VCIIOJIHEHUSA B TpyOONpOoBOHOax He pa3MelleHH HUKaKMe BEeHTUIIM, WU Xe
pasMelleHEl TOJIBKO B HEKOTOPHX TpybonpoBolax. OOMH wuiIM 0OoJiee
BEHTWUJIEM MOTYT OHTH MCHOJIE30BAHE, UYTOOH CHUBUTL CHOCOOHOCTE
YOapHOTO HaBJIEHUMS pPacCIpOCTPaHATECA IO JOOMy HexXeJlaTeJlbHOMY
HalpaBJIeHMI, TaKoMy Kak B CTOPOHY pe3epByapa 232. BeHTWUJIE MOT
OBl HpencTaBJAThE coBoM ofOpaTHBEM KjallaH, KOTOPEM 3aKpHBaeTCsd,
KOoT'Ia IIOABJIAETCSA pPas3HOCTL HOaBJEHMM MeXOy BIIYCKHBEM WM BHITYCKHEM
naTpydkamMmu oOpaTHOT'O KJjallaHa. BeHTUJIE TakXe MOXeT OHTH OOBUHEM
KJIallaHOM BMeCcTe C HeKOTOPHM YCTPOMCTBOM IJA IePeKpPHBaHUA
KJlallaHa BO BpeMs Ipollecca CoymapeHUs.

YIoapHHEe @OaBJIeHVS TeHepupylonTCHa YCTPOMCTBOM, KOoT'Ia IIpelMeT
208 coymapseTcs BHe TeKyuel cpenb C IUIyHkepoMm 202, yIapSgomyM II10
TeKyuel cpene B TUIPABJIMUECKOM LMJIMHApEe. YIOapHHE OaBJIEHUS
PacHpoCTPaHARTCad CO CKOPOCTBI 3ByKa B IIOAO3EMHHM I1JIaCTOBRHM
pe3epByap 332 BIOOJL Tekyuel cpelh M3 pes3epByapa 232. Pa3JMuHBEe
BapMaHTH MCIOJIHEHUSA yCTpoMcTeBa 200 ommcaHuH 0o0Jiee HNOOPOOHO IM0O3Xe
B OTHOmMeHMU o¢ouryp 3, 5 m 8-14.

TedyeHre M3 OIOHOTO pesepByapa B [ONO3&MHHM  I1JIaCTOBHM
pezepByap MOXeT OHTb [OPOCTHM IIYTEM CO3IaHO B pe3yJbTaTe
Pa3HOCTM TUIPOCTATHUUECKOTO HaBJIeHMA MeXOy pes3epByapaMM, WK,
aJIbTEPHATUBHO WJIM HOOIOJIHUTEJEHO, MOXeT OHTE I'e€HepMpPOBAaHO IIyTeM

HaT'HETaHNMA. YCTpOﬁCTBO OJIA I'eHepPrMpOBaHMA YOapHOTI'O IOaBJIEHMA
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NOOOOHEM 06pa30M MOXeT OHITH MCIIOJIESOBaHO IOJI4 I'eHepPMpOBaHNMA

YOAPHOT'O IOaBJIEHMA B HEeIIOOBWXHOM Tequeﬁ cpelne.

T'mopocTaTUUeCKUN Harop Mexny peszepByapoM 232 u
TUOpaBJIMUeCKUM UMIIMHOPOM 201, wuim, aJIb TEPHaTUBHO I
OOIIOJIHUTEJIBHO, HaTrHeTaTeJbHEM YCTPOVCTROM, OelCTByeT 014

BHITAJIKMBaHUA ILJIyHXepa 202 B CTOPOHY KpaMHeI'O IIOJIOKEHUS Mexnoy
KaXIBIM yIoapoMm openMeTa. IIpu HeoBXOoOMOCTH MOTYT BHTH
IpelyCMOTPEHH »OpyTMue CpelIcTBa OJS TIepeMeleHusa IIJIyHxepa 202
oBpaTHO B €TI0 MCXOIHOe IIOJIOXKeHMe TIocJe coylapeHusa. KpaliHee
IIOJIOXEHUE TUIyHXepa B n300paxXeHHOM BapuaHTe VCIOJIHEHU I
opeIcTaBJIgeT COoOOM eT0 caMOe BepxHee IMOJIOXeHMe. B cUCTeMy MOTYT
OHITL BKJIOUEHH YCTPOMCTRBa MOJIA MPeOOoTBpalleHMs BHXOIa IMJIyHXkepa 202
HapyXy "3 TIHUIPaBJIMYECKOTO UWIMHIApa. OIOHa TopleBas CTOpPOHA
mnyHkepa 202 HaxXOoIMTCS B KOHTAKTe C Tekydel cpenoM. Ilnywxep 202
MOXeT OHTH pasMemeH B UuIMHApe 201 ¢  yIOJOTHeHMEeM  IJ4
OTPpaHUUEHUs YyTeuKM TeKyuel cpelbl MexXIy TUIPABJIMUECKUM LIWUJIMHIPOM
201 m noywaxepoMm 202.

[IOCKOJIBKY ILJIYHXep KOHTaKTHUpyeT C TeKydelM CpeloN, yHap
IpeIMeTa I[IO IUJIYHXepy BHIBHEHEBaeT CMelleHMe ILJIyHXepa 202 B UWIMHIPE,
KOTOPOE IPOIOPLMOHAJIBHO BPEeMeHM KOHTaKTUPOBaHMSA BO BpeMda yIhapa
Mexnoy npemMeToM 208 wm nayHxepomM 202, ¥ CKOPOCTM COyOapeHMA
npenzMeTa 208, xak OBJIO Pas3bBACHEHO BHIIE B OTHOWleHUM OGUITYpPH 1A.
[losTOMYy CMelleHMe IUIyHXepa ABJIAeTCS OUeHb MaJlbM, eIBa 3aMeTHEM,
M He3HauMTeJILHHM, eCJIM CPaBHMBATE C TeM, KakK IJIYHXep OOJIKeH OBLI
OB MPUMHYIUTEJILHO IepeMellaTbCad BBepx M BHU3, UYTOOH CO3IaBaTh
VMIIYJIbLCE HaBJIEHMA C M3MEPUMMBEIMM aMILIMTYOaMM OyJbCalluyM TeKyden
cpentl. KpoMe TOTO, B YCTPOMCTBEe IpMMeHEeH COBEPIEeHHO MHOM
OPUHLIAII, CpPaBHUTENBHO, HanpuMep, c VMHCTPYMeHTaMu s
ceMicMMUeCKOV CTUMYJIALMM, T'Oe, KaK I[IpaBuiIo, TpPpy3 coylapdeTrcsa C
HaKOBaJIbHEM HEKOTOPOTO THIa, PAacClOJIOXKeHHOW HelOoCPeACTBEeHHO Ha
TRBepOOM MaTpulle. B 2ToM ciydae yIap TeM CaMeBM IIepelaeTcs
TRBEepOOMY MaTepHually, ToT'la KakK 3IOeChb NOOBEPTHYTHM yIapy ILJIyHXep
yoapdeT IO TeKyduel cpele, TeHepUpyd yIapHHEe IaBJIEHUS B TeKyudeHn
cpene. CMeleHMe ILUIyHXepa, BH3BaHHOe yIapoM IIpelMeTa, CKopee
00y CJIOBJIEHO CXaTUEM TeKydeln cpenu HelloCpenCTBEHHO noxn

IIJTYHXepOoM, 12 IIPONCXOONT He BCJIeOCTBUE JIOOTO BEIHYXIOEHHOTI'O
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IIepeMelleHrS TeKydel CpenH.

T'mMopocTaTUUeCKUN HaIop 3HaUNTEJILHOM BeJIMUNVHEL MeXxny
pesepByapoM 232 M I'MOPpaBJIMYECKMM LIMJIMHIOPOM 201, a Takxe OoOJblIOe
TUOpaBJIMUEeCKOe CONIPOTUBJIEHNE B TpyBonpoBonax, BeOyInx K
UWMJIMHIPY " oT HeTO, Takxe MOTYT BIIMATH Ha BpeMAa
KOHTaAKTUPOBAaHUA, KOTOpoOe OOJIKHO OBITE COKpalleHOo . Takoe
TUOPaBJIMUECKOE COIIPOTUBJIEHNE MOTJIO OFl OBITEB BHI3BAHO
MHOTOO0pa3HEMA OCOBEeHHOCTAMNA TPpyOOIPOBOIOOR, TaKMMU Kak;
CerMeHTH C MaJlBM I[IOIIepeUYHEIM CedyeHMeM B TpyOolpoBolax, IJIMHA
TPpyDOIPOBONOE, I'MIPABIMUECKOE COIPOTUBJIIEHVE BCJENCTBME TPEHUMA
Ha CTeHKax TpyOOIpOBONOB, U M3TUOH BHOOJIE TPYOOIPOBOLOB.

OoHako HamboJiee BaXHEM OOOCHOBaHMEM IJIsS MaJloT'O BpPEeMeHU
KOHTAKTUPOBAHUA ABJIAETCS MHepUMSA TeKydeM cCpelH, OIpedoTBpamamias
Jboe  3HAUMUTEJILHOe M3MeHeHMe OBUMXeHMSA TekKyder cpens (Miau
[lepeMeleHre IIIyHXepa 202) BO BpeMd coynmapeHud. [MosToMy
coylnapeHMe TJIaBHEM O0O0pa30M CO3HOaeT LMKJI CXaTusd B TeKydel cpene,
KOTOpOe IepelaeTcd KaK yhapHoe OaBJIeHMe OT IHUIPaBJINUYeCKOT'O
umnmHaIpa 201, Kak TakXe pasbACHAJIOCH B OTHOWeHUM ouIyps 1C.

YIoapHOe IaBJIeHMe paclpoCcTpaHseTCca B TeKydel cCpele Co
CKOPOCTBI 3BYKa, IOBUIAACh (€CJM UTO-TO He IIPEeNATCTBYEeT DTOMYy) B
CTOPOHY o00O0OuX pe3epByapoB 332 u 232, nOpudeM caMo IO cebe He
Cco3IaeT HMKAKOTO pPesyJbTUPYKIEeIO TPaHCIOPTUPOBAHUA  TekyueM
cpens MexXOoy pesepByapaMu 232 " 332. [losTOoMy  QduUIypa 2
WIJIOCTPUPYET BO3MOXHHY BapMaHT MCIOJHeHMs YycTporcTBa 200 1nmasa
TeHeprpOBaHMA yIapHOTO IaBJjIeHUA, T'Ie YyCTPOMCTBO caMo Io cebe He
BHBHBAET HMKAKOTO PesyJbTUPYKIEeTO TPaHCIOPTUPOBAHUSA TeKyuen
Cpensl.

KopoTkoe BpeMfd KOHTAKTHMPOBAHMA MMeeT pe3yJibTaToM OOoJibliMe
[IOJIOXUTEJIEHEE  aMIJIMTYIOH OaBJIeHUs WM O4UeHb KOPOTKMEe BpeMeHa
HapacTaHug yIOapHOT'O  HOaBJIeHUA. CokpalleHre WM  MMHUMM3alusg
BpeMeHM KOHTaKTUPOBaHUA (M TeM caMbBIM CMelleHMda ILUIyHXepa)
ABJIAETCHA  XeJlaTeJIbHEM  OJId  [IOBHIIeHMA  BS0OeKTUMBHOCTM  CUCTEMEL
TeHepUpOBaHMA YIapHOTO OaBJIeHN A B OTHOUEHNN OOCTHUT'aeMBIX
aMILIMTYI HOaBJIeHMA, BpPeMeHM HapacCTaHMAg M IPONOJIKUTEJIEHOCTH.

BrICOKMe aMIUIMTYOEL M KOPOTKOe BpeMdA HapacTaHMAg YIOapHOTO

OJaBJIEHMA TIpelCTaBJIARTCA GﬂaI‘OHpMHTHBIMM B OllepallMAaX IIO OOOBUe
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YIJIEBOOOPOIOB, IOBHIMAaA CKOPOCTL I[NPOHUMKHOBEHMS B IIOI3&eMHHM
IJIaCTOBHM  pes3epByap 332 1M nomaBjuad Jobyion  TeHOeHUIUI K
3aKyIlNOpPUBaHUID ¥ TMOIIepXMBasd IIOA3EMHEM ILJIAaCTOBHM pe3epByap B
IIPEBOCXOOHHX YCJOBMAX TeUeHMA. OTU [NPEeBOCXOINHHE YCJOBUSA TeUeHUS
YBeJIMUMBAKT CKOPOCTL M OO6JIaCTh, IIPM KOTOPHIX HaTHeTaeMas TeKydasd
cpela U3 pe3epByapa 232 MOXeT OBTH pa3MelleHa B I[IOIO3eMHOM
[IJIJaCTOBOM pe3epByape 332. Omepaluyu IO M3BJIEUEHUID YTJIEBOIOPOIOB
YacTo I[IpeayCMaTpMBAKT BHETECHEHMEe VYIJIEBOINOPOIOB B  IIOO3EMHOM
IJIJaCTOBOM pesepByape eme OIOHOW TeKyuel cpeloy, KoTopasa B ourype
2 mnocrylnaeT U3 pe3epByapa 232, M DTO 3aMelleHMe TeKyuux cpel
YCWIVMBAETCS YIHapHHM »IaBJIeHVEM, PaclIpOCTPaHARMUMCS B IO 3&eMHLM
IIJIaCTOBHM pesepByap.

YnapHBEEe OaBJIEHMS C OTPUIATEJILHOW aMILIMTYOOV HaBJIEHVS MOTYT
OHTEL TEeHepUPOBAaHH, KOTIa YyIapHHe OaBJeHVSA pPacHpoCTpaHdonTCsa B
Tekyuer cpele U MCIOBTHBaKT OTpaxeHuMe B CHUCTeMe. Takad
oTpullaTeJbHad aMIJIMTyOoa MoTJia OB [IPUMBOIOUTL K HexeJlaTeJbHBM
KaBUTAIMOHHEM HABJIEHMAM B CHUCTEeMe, UTO MOXeT OBTH IpedoTBpaleHO
IDOCTaTOUHHM IIPUTOKOM TeKyuel cpelb M3 pe3epByapa.

(DMI'ypa 3 MBO@anQaeT ele OIVMH BapMaHT MCIIOJIHEHUMA yCTpOﬁCTBa

200 n[mgsa TeHepMPOBaHMA YIOAapHOTO HaBJEeHMsa. 30eck YCTPOMCTBO
OOIIOJIHUTEJILHO NIPUCOEOMHEHO K YCTPOMCTBY 340 OJIs
TPaHCIIOPTUPOBAHNSA TeKyueln Ccpenu (TaxoMmy Kak Hacoc) n

akkymyJsaTopy 350, KOTOpHM BBeIeH B TpydompoBom 212 Mexmy
BeHTHUJIeM 224 ¥ pesepByapoM 232. Ilomo®HO HOpemwpnoyumen oturype 2,
YCTPOMCTBO HaXOOMTCA B COOOMEeHMM II0 TekydelM cpene C I[IOO3&eMHBM
[JIACTOBEIM pesepByapoM 332 no Tpybomnporony <211, COeIMHEHHOMY C
yvcTbeM 311 cTBOJIa CKBaXMHH 312.

Tekyuas cpela B pes3epkyape 232 IpoTeKaeT uUepe3 TPYyOOIpPOBOL
212, ycTpoicTBO 340 104 TpPaHCIOOPTUPOBAHMA TeKydel  Cpeld,
BeHTUJIL 224, TumpaBIndeckuyt umiamHap 201, Tpydonposonm 211, ycTbe
311 cTBOJIa CKBaXWHH, CTBOJI 312 CKBaxXxwmHH, M TIIOCTYIIaeT B
OO 3EMHEM LJIaCTOBHM pezepByap 332. YCTpPOMCTBO 340 o4
TPAHCIOPTUPOBAHUS TeKydel Cpell COIeMCTBYeT TPaHCIOPTUPOBAaHUID
TeKydYeM Cpelbl M3 pes3epByapa 232 B IIOI3eMHEM ILJIACTORHIM pes3epByap
332. Texkyuad cCpella M3 pes3epbyapa 232 pasMellaeTCad B IIOL3eMHOM

IJIaCTOBOM pe3epBbyape 332, wWIM Xe TeKydad cpella M3 pezepByapa
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232 BHTECHSAET »OpyI'Me TeKyudMe Cpels B I[IOIN3eMHOM ILJIJaCTOBOM
peseppyape 332. CoynapeHue TIpenMera 208 ¢ 1mayHxepoM 202
TeHepUpyeT yoapHoe oaBJieHUE, KOTOpoe pacrnpocTpaHsaeTCcs B
IIOO3EMHHM I1IJIaCTOBHI pes3epByap 332.

AxkymyJsaTrop 350 gmelcTByeT OJIS  TalleHMs JofoTo  yIapHOTO
ODaBJIeHUSA, IlepeMellalel’ocd OT IMAPaBIMUeCcKOTo UmimHApa 201 uepes
BEeHTUJIL 224 M B CTOPOHY YycCcTpo¥cTBa 340 OJI4 TPaHCIOPTUPOBAHUSA
Tekyuel cpelbl, M TeM CcaMbM IIpemoTBpamaeT BpelHOe BO3IeNCTBUE
YyIapHOTO IaBJIeHU S co 3HAUUTEJILHON aMILJIMTY IO Ha paboTy
ycrporcTea 340 OJId TPaHCIOPTUPOBAHMSA TekKyuel cpelbl. AKKYMYJISATOP
350 Takxe MOXeT BMemaThk B cebe JmwboM HeBoJibloM o0o0bLeM TekKyuel
Ccpenb, KOToOpas MOXeT HaKOIUTLCA B TpyOONpPOBOIHOM CHCTeMe BO
BpeMsa Ipollecca coyIapeHMsa BCJeNCTBME peXMMa HeIpepHBHOM IIoIauu
Tekyuyel cpelbl oOT ycTporcTBa 340 1OJIS TPAaHCIOPTUPOBAHUSA TeKyuen
CpenH.

Ouryps 4A u 4B [okasHBaKRT OOWH IIPUMEP M3MEeHEHUS OaBJIEHUS
BO BpPEMEeHM, I[IOJYUEeHHOTO TeHepMpOoBaHMEeM YyIAPHHX IaBJEeHUNM Ha
YCTPOMCTBE, Kak M300paXeHHOTO B purype 5, u nus
SKCIEePUMEHTAJIbHOM KOHCTPYKLUMM, KaK CXeMaTUUYeCKM IIOKa3aHHOW B
burype 6.

durypa 4A I1oka3vBaeT »HaBJeHre p,400 B TekyuelM cpeme, Kak
M3MepeHHOe B OQUKCHUPOBAHHOM IIOJIOXKEHUM, M KaK OQYHKLUUID BpeMeHU
t,401, @magd HOPOOOJIKUTEJILHOCTM BpeMeHM, I'ne ObUIM I'€HEPUMPOBAHH 3
yIOapHEX »OaBJeHusa 402. OIMHOUHBIM MMIIYJILC YIAPHOTO IaBJIeHUS
nokaszaH OoJjiee nogpobHo B oourype 4B, Takxe MWJIIOCTPUPYIeN
TUIIMUHEIN OIpodnib YIOAPHOTO OaBJIeHUA 402 BO BpeMd
IPOOOJIKUTEJIEHOCTM, WJIM Ha oTpe3ke 404 BpeMeHM, [OPONEenmNero OT
MOMeHTa, KoTIa yIapHOe IaBJIeHMEe TI'eHepUpOBaHO, IO MaKCHMMaJIBHOTO
naBJieHMss, W co BpeMeHeM 405 HapacTaHMAa OT MOMeEHTa, KoTna
yIapHOe @IOaBJIeHVe OOHapyXmMBaeTCd, OO HOOCTMXEeHMS eT'0 MaKCUMyMa
(amrumnTyna, 403). B ofmeMm, yIapHBE IaBJIEHMS OalT OUEeHb BECOKHUE
M Pe3KO BHPAaXeHHHEe NPpOoOMIM aMILIMTyH IaBJIEHUS, I[I0 CPaBHEHUK C
OaBJIEHMAMY, KOTOPBE MOTYT OBTH IIOJIYUEHH TPAaIVIMOHHEMKM CIIOCOOaMu
HAIOPHO-UMITYJILCHOT'O BO3OeMcTBMA. TO eCcTh, yIapHHEe IaBJIeHUd, Kak
IpaBMJIO, CO3OalT 3HAUMTEJILHO O60Jiee BHCOKME aMIUIMTYIH OaBJIeHUA

CO BHauMTeJIbHO OoJiee KOPOTKNVM BPEMEHEM HapaCTaHMA VM 3SHaAUMTEJIBHO
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BoJiee KOPOTKOM MNPONOJDKMUTEJBHOCTBK YOAapHOTO IaBJIeHUS.

SKCIIePUMEHTAJILHO I[IOJIyUdeHHEle TI'padMku OaeBJieHMA B ourypax 4A
n 4B  ObUiM  3apelMCcTPMPOBAHH C  IIOMOWBK  KOHCTPYKLWM, Kak
nzobpaxeHHOW B OuUIrype 5, MCHIOJB30BAHHOM HOJIA TI'eHepUpOBaHUA
YIOApHHX DOaBJIEHUNM B DKCIepMMeHTax 10 3aBOIOHEeHMI0 KepHOB IIeCUaHMKa
Berea.

30echk yHOapHHE HOaBJIEHUS TeHepUpylT IIPOLEeCCOM COyIapeHUH
Mexnoy OpenmMeTom 208 ¥ MmayHxepoM 202, yIOapsiomlMM II0 TeKyduel cpemne
B UWJIMHIpPE 201. B OIHOM BKCIIepUMEeHTalbHOM KOHCTPYKLUN
ycTporcTBO 540 1myga HaTHeTaHMA TeKydel cpeld OBJIO IPUCOeOMHEHO K
TpybonporomaM 212 m 513. PezsepByap 531 comepxall COJEeHYyK BOIY,
MCIIOJIb3YEMY B DKCIEPMMeHTax I[I0 3aBOOHEHMK KepHa. IlIpobky u3
KepHa TIIeCcuaHMKa Berea mnomemaiT B KOHTeWMHep 532, KOTOPHM
coemmuHeH c TpybonpoBomamMu 211 wm  512. OOpaTHEM KJladaH 522
IPpMCOENVMHEH K »OByM Tpy6onpoeonmaM 512 wm 514, wu Tpyba 533,
pas3MelleHHasa I[I0 CYWeCTBY BePTUKAJBHO, MUCIOJbB3YyeTCHa IJIS MU3MEepeHU
obreMa HedTH, M3BJIEUEHHOM BO BpeMsa 3KCIEPUMMEHTOB II0 3aBOIHEHUI
KepHa. Tpyba 533 coemuHeHa TpydomnpoBonoM 515 ¢ peszepreyapoMm 534,
Ioe cobupaeTcd CoOJieHas BoIa.

B XoIe DSKCIEPMMEHTOB COJIEHYK BOLY HaTHeTalnT M3 pe3epByapa
531 uepe3s MaTepuaJl KepHa, IIOMEMEeHHOTO B KOHTeMHep 532. B »TUX
SKCIIepUMeHTax  OBUIM  MCIOJIB30BaHE KepHB IIeCUuaHuUKa Berea cC
Pa3JMUYHEIMKM IIpOoHMIaeMocTAMM OkoJio 100-500 mIdapcu, KOTOpPHE Iepen
SKCIepuMeHTaMt  OBUIM  HACHIIEHH He®TBI  COIJIACHO CTaHIapTHEM
npolienypaM. HedTb, u3BJeUeHHas IIpM 3aBOOHEHMM COJIEHOW BOOOM,
OyoeT HaKallJIMBaTbCH Ha BepXy TpyOel 533 BO BpeMfd DKCIEPUMMEHTOB,
1 OoDBEM COJIeHOM BOHOH, cCcoOBOpaHHOM B pe3epByape 524, Torma paBeH
obreMy, NIPONYIeHHOMY nus3 pes3eppyapa 531 Har'HeTaTeJlbHBM
ycTrporcTBOM 540. BoJjiee KOHKpPETHHE MIPOLENypPH, [IPMMeHEHHEE B DTHUX
SKCIIePUMEHTAX, CJIeOYyT CTaHOAPTHOMY MEeTONy LOJIS SKCIEPUMMEHTOB IIO
3aBOINHEHNK Ha KepHax I[lecuaHuka Berea.

TpyOonporon 212 4dBaseTcs THUOKMM, UYTOOB BMemaTsk B Cce04d
Jobon MaJIBl obBeM TeKydeln Ccpent, KoTopasda MOXeT OHTH
aKKyMyJIMpOoBaHa B TpyDonpoBOOoe BO BpeMda IIpollecca COoyIapeHUd
Mexny IJIyHxepoM 202 u nOpenMeToM 208 BCJIeOCTBME HEIIPEPBBHOIO

TPAHCIIOPTMPOBaAaHMA Tequeﬁ Cpellbl Har'HeTaTeJlbHBEIM yCTpOﬁCTBOM 540,
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Inywxep 502 pasMemanT B UuaMHApe 201 B HalpaBJdgwlel, U
IIPOCTPAHCTBO B LUMJIMHAPE HMWXe IIJIyHXepa 3alloJIHART TeKydel Cpenou.
B 3KCHOepMMeHTax MCIOJb3YRT IUIPABJIMUYECKUN LWUJIMHIOP OJS BOIH
obweMoM oOkoJIO 20 M. OOmMM 0O0BEM COJIEHOM BOIE, [IpOTeKaKlen
yepes KOHTeMHep 532, opencraBiyajica OJM3KO COOTBETCTBYKIINM
burCcHUpOBaHHOM  BeJIMUMHe pacxola I[OTOKa OT HaTHeTaTeJIbHOTO
ycTpoMcTBa. TakuMmM ofpas3oM, B D2TUX BKCIEepMMeHTax YCTPOMCTEBO,
BRJIOUAKIee TIUIpaBIMUYeckuy muiauHip 201, mayHxep 202 u OpelMeT
208, BHOCHUT JIMIIL He3HAUMUTEJIBHHM BKJad B TPaAHCIOPTUPOBaHUE
coJieHOM Bonel. CoylapeHHue IMOpelIMeTa C IUIYHXEpPOM TIIPOUCXOIUT B
TeueHMe OUeHb KOPOTKOI'O MHTepBajla BpPeMeHM, UM TeKydasa cpela He
criocobHa OTpealMpOoBaTh Ha BHCOKYK YIAPHYK HaI'py3Ky KaKMM—TO
CMelleHMeM, KOTOpoe MIPUBOOMIIO OB K YCUIJIEHUID TedeHUS U TeM CaMbM
W3MEHeHNI  QOUKCHMPOBAHHOM  BeJIMUMHEL pacxola IOTOoKa. Ckopee,
Tekydas cCpella MWCHHTHBaeT ylhap ILUIyHXepa, U KOJUYeCTBO IBWXEeHM
IUIyHXepa OpeobpasyeTcda B yhapHOoe OaBJIEHUE.

YIoapHOe IaBJleHMe B XOHOe BHIIOJIHEHUS BKCIEPUMEHTOB  OBUJIO
TeHepMpoBaHO IHpemMeToM 208 Cc BecoM 5 KI'y HOOHATEIM Ha BECOTY 17
CM, ¥ OTIYyWLEeHHHEM I[IalaTb Ha LIWJIMHOP, TeM CcaMeEM CTaJIkKuBasaACh C
HeIIOOBVDKHEM LTy HXEPOM 202. VcrioJib 30BaHHEM TUOpaBJIMdeCKUN
umnueanp 201 mmesr oBweM okoJio 20 MJI M BHYTPeHHUM OuaMeTp 25 MM,
COOTBETCTBYWMNUN IMaMeTpy IIJIyHxepa 202.

durypa 6 IpeIcTaBJIgeT CxXeMy, I[IOKa3HBallyln YCTPOWMCTBO,
MCIIOJIb30BAHHOE IJISL BHIIOJIHEHMSA IIpollecCa COyIapeHMsa U IIepeMelleHUA
openMeTa, IIPMMEHSEMOI'O B IIPOLleCcCe COoylapeHud B DKCIepMMeHTax Ha
KepHax IleCuaHMKa Berea, U BDKCIEPUMMEHTAJIBHYK KOHCTPYKLUMIO, Kak
MCIIOJIb30BAHHYK B DSKCIEPMMEHTe 10 3aBOOHEHMIO KepHa Ha KepHe
lecuaHMka Berea, kKak OBJIO ONMCAHO paHee.

YoapHHEe @OaBJeHMS 3OeChb TeHepupylnT YIOapHOW HaTpy3KoM Ha
nayHkep 202 B 3aloJIHEHHOM  TekKyuel  CpeloM TIHUIPaBJIMUYECKOM
UMIIMHIOPE 202. Macca 801 IpenycMoTpeHa Ha pasMelleHHOM
BepTUKaJIbHO CTepxHe 802, KOTOPHM C TIoMOombl »OBuratejgs 803
IPUINIOOHVMAETCS Ha OINpeXeJIeHHYK BHCOTY, C KOTOPOM OH MOXEeT
namaTk BHU3 Ha ILJIyHXxep 202 M ymapaThk IO HeMy. CuJla ylapa TeM
caMbeM OIpeIejigdeTCsa BEeCOM Iajapmel MacCHEH UM BHEHCOTOM IaleHus. Ha

CTEPXEHDb MOXeT OBITH IIoMelieHa YyBeJIMYeHHa#Ad Macca, n
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KOppekKTUpyeTca yIOapHasa Harpyska. IupaBIMuecKuM uuamHip 201
coeImMHeH uepes Tpybdomnporon 212 ¢ HacocoM 540 mjsa TekyudyeM CcpenH,
KOTOPHM HaTHeTaeT COJIeHyI BOIOy M3 pesepByapa 804 (He Mnokas3aH)
yepes LUIMIMHIP M Uepe3 IIepBOHAUAaJIbHO HACHIEHHBEM HedTh KepH
ecyaHMKa Berea, TIOMeMeHHBIM B KOHTeMHep 532. OaBJeHue

HEMNPEePHBHO M3MEPAJIM B PABJIMUHLIX IIOJIOXEHMAX. OOpaTHHM KjarnadH 121

(ue [IOKa3aH) MeXnoy HaCoCOM u IVMIJIMHIOPOM obecrieunBaeT
OIOHOHAaIIpaBJIEHHOEe TedeHNre. Bynoyum nponymeHHoﬁ gepes KepPH
IIeCUaHMKa Berea, TeRydad cpella (BHauaJe TeKy4dad Ccpella

opencraBJygeT cob®oM TOJILKO HedThL, M II0CJe DTOT0 Boda, KoTopasd
IpOpPHBaeTCsSa Uepe3 HeTl'o, IPpeldcTaBJIgeT coBoM MNOUTKM TOJIBKO COJIEHYI
BOOY) HarHeTaeTcsa B Tpydy @noJaga cbopa HUIBJIEUEeHHOM HedTH, U B
pe3epByap IJS COJEeHOM BOOH, Kak M300paxeHo B ourype 5.

SKCIIePUMEHTH OBLIIN [IPOBEeIeHH c yIapHBMU naBJIEHUAMA,
TeHepMPOBAHHEIMM C MHTepBaJIoOM OKOoJIO 6 cek (10 coymapeHuUM B
MMHYTY) Ha NOPOTIXEeHMM Iepurolla BPEMEHM MHOTMX YacCoOB.

[lepeMemeHre IJIyHXepa 202, BEI3BAHHOEe COyIapeHUeM, OBIJIO
BeCbMa HE3HAUMTEJIBHEIM [10 CpPaBHEHMI C OUMaMeTpoM ILIyHXxepa 202 wu
0BBeMOM TI'MAOpaBJIMUECKOTO LuIMHOpa 201, OpUBOOAT TOJBKO K CXaTHI
obmero obbeMa TeKydeM CpenOel UM @ He BJIMAA Ha QUKCHUMPOBAHHY
BeJIMUMHY pacxola I[IOToKa. OTOT BHBOI TaKXe MOXHO CHOejlaTb U3
ciaenypomero. 00BeM T'MAOPaBIMUECKOTO LMJIMHApa 201 cocTaBJISEeT OKOJIO
20 M, m oBbeM Tekyuel cCcpelbh B KepHe IIecuaHMka Berea B
KOHTeMHepe cocTaBjigeT oOKoJio 20-40 Miu (OBUIM MCIIOJIB30BaHH KEpPHH C
Pa3JIMUHBEIMK pas3MepaMu Iop) . IIoPTOMYy COBOKYIIHEIM 00BeM, KOTOPHM
MOXeT OBTE TI[IOOBEPIHYT CXaTHM OpenMeToM 208, coylapdomyMcs C
mayHxepoMm 202, cocTaBJgeT oOkoJio 50-100 M (B TOM uUmMcIe
HEeKOTOPHM 00BeM TpyOONpOoBOIOB). CXaTye TakKoTro o6beMa IIPUMEPHO
Ha 0,5% (xoTopoe mnorpeboBaJjo O »OaBJeHMa okoJo 110 6Gap (11
MIla), IOCKOJIbBKY MOIYJE OO0BLEeMHOM YyIPYTOCTM BOIH COCTAaBJISAET OKOJO
22000 0Gap (2200 MIlla)) npencTaBJISET COKpalleHMe OOBeMa IIPUMEPHO
Ha 0,25-0,50 MJI, COOTBETCTBYKIIEEe IIepeMeleHMi IJIyHxepa 202 BHU3
OpUOIU3UTEJIEHO Ha 1 MM MM MeHee. TakumMm oO0pasoM, I[LIyHxep 502
CMEellaeTCsa IPMMEPHO Ha 1 MM B TEUEHMe MHTEepBRaJla BPEMEeHM OKOJIO b5
MCEK, Ha IpPOTSXEeHMM BPEeMeHM, 3a KOTOopOoe yIapHOe OaBJIeHMEe MOIJIO

BB PACOPOCTPAHUTLCSA IIpeuMymecTBeHHO Ha 5-10 M. 3TO0 IepeMeleHMre



35

ABJISETCSH BeCbMa HEe3HAUMTEJIbHEM CPaBHUTEJIBHO C OraMe TpOM
wIyHxepa 202 M 00BeMOM I'MOPAaBJIMYUECKOIT'O LuimHOpa 201.

Kak OBUIO YIOMSAHYTO BHIIe, O(urypa 4A T[OKa3HBaeT OaBJIEHUE B
Tekydelr cpene, M3MEepeHHOe Ha BXOIe B KOHTeMHep 532, Kak (QYHKIMIO
BpeMeHU IOJi9 OIOHOT'O M3  BHIIOJIHEHHHX DKCIIEPUMMEHTOB. YIapHoe
naBJieHre OBJIO TeHepupoBaHO HOpeaMmMeTrom 208 ¢ wMaccom 5 kT,
najamomyM Ha IIJIyHXep ¢ BecoTe 0,17 M. CoymapeHMsa (M TeM CaMbBM
yIapHOe OaBJIeHUe) OBHJIM T EeHEepPMPOBAHEL C MHTepBaJlaMM BPEeMeHU
OpUOIMU3UTEIEHO 6 CeK. YIapHBEe »OaBJIeHMsa ObBUIM T'eHepUpOBaHH C
aMILIMTyOaM/ IOaBJIEHMSA, W3MepeHHBEIMM B IOuanazoHe 70 - 180 Gap (7-
18 Mlla) wnIM @»axe BHIIE, I[IOCKOJBKY MaHOMETPH, MWCIIOJb30BaHHHE B
DKCIIEPUMEHTAaX, MOIJIM M3MEepAThH TOJBKO 1o 180 6Gap (18 Mla). B
CpaBHeHUM, IIoHamobmycsa OB IpeIMeT C Maccoy okoJjio 50 kI, UYTOOH
IIPOTOJIKHYTE WM IPWXaThk (He YIOapAaThb) BHM3 IUIYHXED IJIS CO3IaHUA
CTaTUYEeCKOI'O OaBJIeHUS TOJBKO OkKoJio 10 Bap (1 Mla). Bapmauum
V3MEepPEeHHHX YIAPHHX OaBJEeHUM MOXHO OOBLACHUTL M3MEeHeHMVEeM YCJIOBUM
BO BpeMfa I[IpOoBeleHMA DSKCIepMMeHTa, Tak KakK COCTOSHMe TekKyueln
cpenel (TypOyJIEHTHOCTL M T.H.) M YCJOBMUA B IIeCUaHMKe Berea
BapbUPYIT OT COyIapeHMsa K COyINapeHMo.

OOVMHOUHBI  MMIIYJBC  yIapHOT'O  HOaBJIeHMA  IIOKa3aH  Iopasmo
nogpobHee B ourype 4B, koTopas TakKke WIUIOCTPUPYET TUIMUHLIMT
npodmib YIOapHOTO oaBJIeHNd, [IOJIYUYEHHOT O M  MU3MEPEHHOTO B
JI1aBopaTOpHHX DSKCIepMMeHTax II0 3aBOIHEHMIO KepHa IIecuaHMKa Berea.
CilemnyeT OTMEeTUTH, UYTO aMIIuTyna 403 cocrapJjgeT okoJo 170 06ap
(17 MIla) (oxoJjio 2500 psi), m uTo mupuHa 404 KaXOoTo M3 yIapHBX
OaBJIEHUV B 5STUX BKCIEPMMEHTax COCTaBJIgeT OPpUOIU3UTEJSILHO WK
OKOJIO 5 Mcek, TeM caMbeIM JaBad OuUeHb KPYTOM OPOHT @HOaBJIEHUS U
OUeHb KOPOTKOE BpeMda HapacCTaHUAa M BpeMa IIaleHusda. B cpaBHeHUM,
aMILJIMTY OB HOaBJIEHUS, IIOJIYUeHHEEe TPaIMIMOHHEIM HAallOPHO—MMITYJIbCHEM
BOBIeMCcTBUEM OyJILCHUPYKRIMEeN Tekyuel cpeloM, MMelT 3HaueHUS MUPWHEB
B HECKOJIbEKO CeKyHI, M aMILUIMTYIOE YacTo MeHee 10 Gap (1 MIla).

durypa 7 TnOpencraridgeT o00OmMeHMe HEeEKOTOPHX pPes3yJIbTaToB,
[IOJIYYEHHHX B BKCIEPUMMEHTax I[10 3aBOOHEHMK Ha KepHax IecCyuaHHuKa
Berea, OTIMCaHHHIX paHee. CpaBHUTEJILHEE DK CIIEPUMEHTH OBLIIN
[IpoBeneHH 06e3 yIoapHOT'O IOaBJIeHMS (OTMEUEeHH KaK «A») M C yIOapHHM

OaBJieHMeM (OTMeuUeHE Kak <<B>>), n IiepedMCcCJIEHEI HIMXEe B Tadjunile B
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burype 7 pgmoM IJpyI' C OPYTOM, U IJS Pa3JIMUYHEX CKOPOCTeM
3aBOOHEHUS.

OKCIIEPMMEHTEH, BHIIOJIHEHHEHE 0e3 yIapHOT'O HOaBJIeHUSA (OTMeUeHH
Kak «A»), ObUIM NPOBENeHHE Ha I[IOTOKe TeKyuell CpeOH I[I0I IelCTBUeM
CTaTHUUECKOTO IaBJIeHMs, TIT'Oe HaTHeTaTeJlbHoe YycTpoMcTBo 540 OwBIIO
IIPUCOEOVMHEHO HEIOCPeNCTBEeHHO K UMIMHAPY 532 C KepHOM. [pyIuMmu
cJoBamMm, ycTpoMcTBOo 200 OJA TeHepupPOoBaHMA YIApPHOTO OaBJIEHUS U3
TUOpaBIMUeckoro UuiauHOpa 201, BRJIOUaAKIMETO ILIyYHXep 202 M nOpenaMeT
208, OBLIIO OTKJIIOUEHO VI WMYHTUPOBAHO. B oBemnx cepmuax
SKCIIEPUMEeHTOB OBUJIa MCHOJIb30BaHa OIHa M Ta Xe HedTb Tuna Decan.

CpenHsad (B mOpenejax I[IONepPedYHOTO CceueHMA OpoOKM M3 KepHa)
CKOPOCTL 3aBOIOHeHMS (B MKM/CeK) 3amaeTcsd BeJMUMHOM pacxona
II0OTOKa, co3maBaeMOTO  HaTHeTaTeJIbHEM  YCTPOMCTBOM. Bo Bcex
SKCIEepUMeHTax YCTPOMCTBO HOJIA TeHepUpPpOBaHMA YIapHOTO NaBJIEHUS
OpakKTUUYeCKM He BJMAJIO Ha O0mykl BeJMUMHY pacxola IIOTOKa UM TeM
caMbIM Ha CKOPOCTHL 3aBOIHEHMs, KOTopasd MABRJAeTCHa XeJaTeJIbHOM,
IIOCKOJIBKY BEICOKAas CKOPOCTL 3aBOIHEHMs MOoIJla OH [IPUBOOUTEL B
BoJlee HepaBHOMEPHOMY IIPOHMKHOBEHMI HaTlHeTaeMoM BOIH, U TeM
caMbIM BeJla K paHHeMy IIPOPHBY BOIOH M O0Opas3OBaHMI SA3HKOB M3—-3a
pPasHOCTM BA3KOCTeM. B skxchnepmMeHTe 3B KOHCTPYKUMSA IOMNOJIHUTEJIBEHO
BRJIOUAJIA aKKyMyJIATOP, pasMeleHHEN MeXIY TUOpaBJINdeCKUM
umnuuagpoM 501 m ycrpomcTBOoM 540 @mJjs HarHeTaHMd Tekydel Cpendl.
V3BETOUHOE naBJIeHVe B 3TOM AKKYyMyJIATOpE 00y CJIOBJIMBAJIO
OOTIOJIHUTEJILHEY 20deKT HaTHeTaHWUA, BHBHBAKIMM BHCOKYKD CKOPOCTH
3aBponHeHua 30-40 MxM/cek, Kak coobmaercsa B Tabjauie. B uIeaJIbHOM
cliydae, 5STO M30ETOUHOE NaBJIeHMEe OOJDKHO OBJIO OBTE YCTPaHEHO.
PesyabTaT 3B, BKJIOUEHHEM B OUTYyPY 7, MOXHO pacCMaTpuUBaATL Kak
OEeMOHCTPUPYIIMY, UYTO YJyUlleHHOe WM3BJIeUeHMe HedTUM MOXeT OHThb
IOJIydeHO HaxXe B CJlydae BHCOKOWM CKOPOCTM 3aBOoOHeHMsa. Kaxk
OpaBuUJIO, OOJbIIMe BeJIMUMHH pacxoda I[IOTOKa MNPMBOOAT K 0O0pas30OBaHUI
SA3HIKOB n3-3a Pas3HOCTH BA3KOCTEN u TeM CaMbBIM CHMXAKT
HedTeoTHmauy. MosTOoMYy 3TOT SKCIIePUMeHTaJIbHEM pPe3yJaBTaT
IIOKa3HBaET, uTo yoapHoe naBJIeHUE openorepamaeT pas3BUTHKE
oOpasoBaHMsa HA3HKOB M3-3a Pa3HOCTM BA3KOCTEM, UYTO OOBACHAETCSH
yIOapHEM IOaBJIeHMEeM, MMelIMM BpeMsa HapacTaHusd U aMILUIMTyoy,

ofecreurBaKnye pPas3HOCTHL OaBJIeHUM, Inpeonojsiepanmyrn KallMJIJIAPpHOE
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COIIPOTHBJIIEHME B KEpHe IIeCUuaHMKa Berea.

Kak BUIOHO M3 BKCIEPUMMEHTAJIBHHX NaHHHX, IIPMMEHEHMEe yIOapHOT'O
OaBJIeHMsa IJIS 3aBOOHEHMSA [IPUBOIUT K 3BHAUUTEJIBHOMY IIOBHIIEHUIO
HedpTeoTmauM B OuallasoHe NPpUOIU3UTENIEHO 5,3-13,6% (BKCIEepUMMEHTEH
2 u 4, COOTBETCTBEHHO) , YeTKO OEMOHCTPUPY A oTeHUMaJ
openjiaraeMoIro criocoba U3BJIeUEHU A YTJIEBOOOPOLOB COTJIaCHO
HacToAmeMy M300peTeHMo.

OuLeHKa BpeMeH! KOHTaKTUPOBaHUA MexXIy npeaMeTOM u
IJIYHXEepoM, M TeM CaMbeM BPeMeHM KOHTaKTHMPOBAaHMA IIPM COyIOapeHuM,
MOXeT OBTL IIOJIydeHa COIJIaCHO TOM Xe CcepuM BHUMCIEHMM, Kak
oBpMCOBaHO BHIIE B OTHOmMeHuMM O(urypsel 1C, TOJBKO 3OeChb IJIA
TEOPETUUECKOTO IIpOollecca COyIapeHMsa MeXOy CTaJIbHEM IapoM BeCOM b
KT (c R=5,25 cM u kosdpduumenToM IlyaccoHa okojio 0,28) M BOIOM.
Obmui ™MoOOyJib YIPYTOCTM, KaK OINMCAaHHBM BHEIIe, CTAHOBUTCH PAaBHHM
0,39 TTla OpM OPMMEHEeHMM MOOyJd oOBeMHOM yhnpyrocTtu 0,22 TITla #id
BOIEI n MOOYJIg YOPYTOCTHU 215 I'Tla oJjidg cTajan. Bpewmsa
KOHTaKTUPOBaHMA IHopsanka 3,17 MCeK U IIPOOOJIKUTEJIbBHOCTE OKoJIO 4,8
MCEK TIIOJIYUEHH [IpU IIPMMEHEHMM TeOopMuM coylapeHmsa I'epuia. 3TO MOXHO
CPaBHUTL C M3MEPEHHOM MNPOIOJIKUTEJLHOCTBHID YIOapHOTO OaBJIEHUA
OKOJIO 5 MCeK B DKCIIEPUMEHTAax, Kak M3MepeHHOM nus3
DKCIIEPUMEHTAJIBHO BHBEIOEHHHX I'PadMKOB 3aBUCUMOCTM HOaBJIEHUSA OT
BpPEMEeHN.

SKCIEepUMEHTAJIbHO  M3MepeHHas  OIPOIOJIKUTEJIEHOCTD YIOAapHOTO
OaBJIEHMS TeM CaMbBM XOPOIO COIJIacyeTCsa C OLIeHOUHBEIM 3HaueHMEeM IJIA
BpEMEHM KOHTaKTUMPOBAHUA M MIPOOOJIKMTEJIBHOCTM, OIpenOeJIeHHEIX IIO
TeopuM coyaapeHusa I'epua. Teopuda coylapeHMa I'eplla OIPUIIOXMMA
TOJIBKO K TBEePOEM TeJlaM, VMeIUM  YIPYT'OCTh, BHIIeyYKa3aHHOE
IpuMeHeHMe MOIyJia O0O0BeMHOM VYIPYTIOCTM BMECTO MOIOVJSA YIPYTOCTU
fymeT IOaBaThb TOJBKO OIIEHKY BPEMEeHM KOHTaKTHMPOBaHMA OJIA IIpollecca
coymapeHMsa MexOy TBepIbM TeJIOM (C YIPYTOCThbI) M Tekyuel cpelon
(B6es ynpyrocTu), OIHaAKO C IPUEMIIEMEIM NPUOIMKEHUEM.

[Iono3eMHHM IIJJACTOBEM pe3epByap IIPpencTaBjigeT CcoOoM IIOPUCTYIO
cpeny, KoTopasd BKJKUYaeT CeTb IIOPOBHX OOBEMOB, COE&IMHEHHEHX
[IOPOBEIMM KaHaJlaMM C pPasJIMYHBEMKM OuaMeTpamMu (a) ¥ OoJavHaMmi (1) .
[IJJacTOBHM pe3epByap MOT OB comepXaThb HedThH M BOIOY, U ILJIaCTOBHMU

pesepkyap MO OB OHTL I'MOPOOUIIBHEM, CMauMBaeMbIM HeQpTbho, WU
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VMeKRMMM  CMellaHHYI  CMauyMBaeMoCThb. B I'MIPOOMJIBHOM  I1LJJACTOBOM
pe3epByape CTEeHKM IIOPOBHX OOBEMOB M KaHaJIOB 110 OOoJIblley YacTu
IIOKPHTH BOIOOM. [IMHaAMUUECKME XapaKTepUCTUKM ONHOM TeKyuel CpemnH,
HarHeTaeMOy B ILJIACTOBHE pPe3epByaph, ¥ TeM CaMbM BHTECHSIOIEN
TeKy4dMe CpeOe BHYTPM ILJIACTOBROTO pe3epByapa, OvNM 0O0CTOSATEeJILHO
VccJieIOBaHH, UYTOOH IIOJIYUMTH IIOBHIIEHHYID HedpTeoTmauy. HarHeTaeMasd
Tekyuas cpela IpencTaBJigseT cofoM IMIPOHMKAKIYID B IIJIJACT TEeKyuyio
cpeny, ¥ TekyuMe CpeIb B IIJJACTOBOM pe3epByape IIpPeInCcTaBJIST
coboM HecMemMVBaKmMecsd BHTECHSIeMBle TeKyuMre cpelbl. Tekyuue Cpend
B ILJIACTOBOM PpesepByape MOTYT MCIHTHBATL (BO BpeMs 3aBOIHEHUS)
KanuJJIgpHOe COINPOTUBRJIIEHMEe WM IaBJIeHMe, KoIIa IIpoTeKalnT uepes
IIOPOBEE KaHaJIH. J9To O0OYyCJIOBJIMBAETCS IIOBEPXHOCTHEIM HaTIXeHVEeM
MexIOy TeKyuuMy cpelaMy, ¥ YCJIOBUAMM CMauMBaHMA CTEHOK IIOPOBHX
KaHaJloB.

MoxHO TIIPenloJIOKUTL, UTO KalWuJLJIApHOEe COINPOTHUBJIIEeHMe (MM
KaOluJIJISpHOe »aBJIeHMe) Topgika Pc=y/a, OOJIXKHO OHTE IIPpeoIoJIeHO,
KoT'Ia BOOY HaTHeTalnT B CMauMBaeMble HedTh TIOPOBHE KaHaJH,
3aroJIHeHHEEe HedTh, MJIM KOoI'Da HedTh BHOABJIMBAETCS B CMaulMBaeMHEe
BOIOM TIIOPORBEE KaHaJIH, 3alrloJIHEeHHHE BOIOOM. [IOBepxXHOCTHOE
HaTsXKeHMe Y MexXOy BOIOM U HedTBID COCTaBJAET BeJIMUMHY IIOpAOKa
0,01 H/M, m TeM caMuM 3HaueHMe Pc paBHOo 10-1000 Ila miag a=1-
0,01-10° M.

Boma wmiM HedTsr OyOeT IIepeMemaThbcsa uYepes IIOPOBHM KaHall B

TedueHle BpeMeHM, KOTOpoOe COoCTaBJIAeT BeJIMUMHY IIopAdIKa BpeMeHHéPO

DapaMeTpa Poajes rR:thgly, KOoT'Hma Iepenal IOaBJieHUMM O OJuHe (1)
[IOPOBOTO KaHaJla ABJSeTCSa JOCTaTOUWHO BHCOKMM IJIS IIPEeOoIOJIeHUA
KaluJIJISPHOTO COMNPOTUBJIIEHN . [lpy  OONyUEeHUWU, YTO  ILJIOTHOCTH
COCTaBJISET BeJMUMHY nopgaaka 1000 KP/M3, nojyuyaercsa, urTo 1x=0,01-
10-107° cex mig a=1-0,01-10"° M.

[lepenan »aBJIeHVM I[IO0 IJMHEe TIIOPOBHX KaHaJIOB »OOoJIkeH OHThb
nopgamka P., M TeM CcaMbHM HeOoBOXOOMMO OlleHMBATL Pa3HOCTL OaBJIEHUM,
KOTOPYK YIapHOe IaBJIeHMe MOIJIo OB co3IaBaThk II0 IOJMHE IIOPH
nopAanka 1=1-0,01-107° m. YOapHOe IaBJIEHMEe CO BpeMeHeM HapacTaHUA
(At) oxoJIO OmHOM MCeK (BpeMs, 3a KOTopoe HaBJIeHMe Bo3pacTaeT OT

HYJIEBOM IO MakKCHUMaJIbHOM aMIJIMTYIOH) M MaKCHUMaJIbHOM aMILJIMTYIOOM
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(I) oxkoyo 150 ®Bap (15 MIla) co3maBaJio OB pPa3HOCTEL nHabJjieHurt 150
Bap (15 MIlla) B mnpemesiax nojamHeH 1,5 M (BCJIeICTBME TOI'O, UYTO
IDaBJIEHMe IIepeMemaeTCcsa CO CKOPOCTBI 3BykKa (C) B TeKyudeM cpene

1500 m/cex). Takumm ofOpasoM, YIapHOe IaBJIEHME MOXeT IIOOIePXMBATDL
pasHoCTe npamBjeHu (AP) mnopspgka 100-10000 Ila (miusa a=1-0,01-10"°
M) B Ipellejlax IJIMHEL IIOPOBOTO KaHajla B TeueHMe IIepMuola BpEeMeHU
OKOJIO OINHOM MCeK. PasHocTh maBjeHurt (AP) MoxeT OHBTH BHpaxeHa
kak AP=Ia/(cAt), u BO MHOTHMX cJyuasax AP 4BJgeTcS HOCTATOUHOMN
0JIs IpEeOnOJIeHU I KaluJIJIAPHOTO COIPOTHUBJIIEHUS . BoJjiee TOTO,

IIPOOOJIKMNTEJIEHOCTD ITaBJI€eHMA AP, PaBHa#4d At, JacTo ABJIAETCA

HOCTaTOqHOﬂ, KOI'da CpaBHMBaeTCA C BpPEeEMEeHHEM IIapaMeTpOoOM Pajiesa
TR KpMTepMﬂ IOJI4 TIpeOOOoJIeHMA KallMJIJIAPHOI'O COIIPOTHMRIIEHMA TaKXe

MOXeT OHBTEL BHpaxeH kKak la/ (cAt)>Pc, wiu

YCcAt
|
a2
HOpMCTaH cpelia BO MHOT'UX IIJIaCTOBEIX pesepByapax,
IIpenCTaBJIAKMNX mHTEepecC B IIJIaHe onepaumﬁ I10 OOOBUe

YIJIEBOOOPOLOOB, MMeeT paclpelelieHre IIop I[I0O IMaMeTpaM C IIMKOBHM
3HaAUeHMEeM B IOMallasoHe O,l—O,Ol-lO_3 M. IlpyMMeHeHVe MeOIMaHHOI'O
ovaMeTpa Iop ObUIO OH XOopomeM OlLIeHKOM IMaMeTpa IIOPOBHX KaHaJIoB,
KOTOPEM BHOCUT OCHOBHOM BKJaml B KaOlWJJIAPHOE COIPOTHUBIIEHUE
IIOPUCTOM CPEenH.

B cpaBHeHUM, UMIYJILC @»aBJeHMsa (¢ amiamurynon 150 Bap (15
MIla) , KOoTOpasda ABJISIETCA OueHb BHICOKOM, ecJu oaxe He
HepeaJIMCTUUYHO BEICOKOM  IOJII  MHOTMUX TPaOULIMOHHEIX TeXHOJIOTUM
HAlOPHO-UMITYJILCHOTO BO3OEMCTBMA), KOTOPHM MOXHO pPacCMaTpMBaTh
Kak OOLBUHO UMeKmMM BpeMsa HapacTaHMsa, BO3MOXHO, OKOJIO OIHOM
CeKyHIOE, MOXeT IOOOepXMBATL Pa3HOCTL IaBJIeHUM ToJIbKO okoJjio 0,1
- 1 Tla o OJMHe IIOPOBOTO KaHalla B TeueHMe IIepMola BpeMeHM OIOHOM
CeKyHIOE. BO MHOIMX CJy4YasaxX 2TO MABJISeTCHA HeOOCTAaTOUHEM, UTOOH
[IPEeOoNOJIETE KalUJJIAPHOE COIPOTHUBIIEHME, M TMPOINOJIKUTEJBEHOCTE OKOJIO

omHOM CeKYyHIE ABJIAETCA M3JIVIHe OJIMTeJILHOM 10 CPaBHEHNIO C

BpeMeHHLIM IlapamMeTpoM Pajed 1g.

CKOpPOCTBL, C KOTOPOM Tekyuasd cpella Hal'HeTaeTcs BO BpeMs
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3aBOJHEHMS, OIpenesyideTcd, eClIM I[IpOoHMKawmas B ILJlacT Tekydas
Cpella BH3EHBaeT oOOpa30BaHMe KalWJUJIAPHBIX WJIM BA3KOCTHHX S3HKOB B
[LJIaCcTOBOM pe3epByape. CkopocTts U MoOXeT OHTH paccumMTaHa IIo
bopmysie Hapcu U=kAp/ (uL), TIOe «K» IOpeIcTaBjgeT IIPOHMUIIAEMOCTH,
«u» TIPpeICTaBJIAeT BA3KOCTH (nopsanka 30 wMlla-cek nJjag HedTu, T1Ie

Mlla ‘cex=10"° Tackaib x CekyHOY), u Ap mOpemcraBjigeT pPasHOCTL
DaBJIeHUM Ha OIucTaHuuM L. Ofpa30BaHMe KaOMJIJISPHBX S3HKOB OOBUHO
BymeT IIOJyYaTbCa IIPU CKOPOCTM TeueHUs U=10"° wm/cek, xorma
IIPOHULIAEMOCTE COCTaBJIgEeT BeJINUVHY nop4anka 100-107° D

(J.'Lau_oc:I/£=9,869-10'13 M) . OBpasopaHMe BA3KOCTHHX A3HKOB IPUBOINUIIO

OBl K CHMWXEHUD He(]_)TeOT,HaT{M, M T[IORTOMY BaxHO, UTOOBE 3HaUeHNEe Ap

HEe CTaHOBWMJIOCH CJMIIKOM BHCOKMM. C TIIPMMEHEeHMEM BHIIeYKa3aHHBX
SHAUYEHUM MOXHO OLEHMTL, 4YTo Ap cocTapBigeT BeJMUMHY IIOopAgOKa 3
Bap (0,3 Mlla) Ha mucTaHuum L=1 M.

B ciyyae NpMMeHeHMA YIApPHOTO IaBJIEHMS BO BpeMs 3aBOIHEHWUA,

Ap B BHIleyKas3aHHOM ypaBHeHMM [apcu cjelyeT 3aMeHUTh Ha Ap+(Pi).

Yuciso (P,) mOpencrTaBiageT coOoM ycpelHeHHOe II0 BpeMeHM yIapHoe
naBjieHve P, ¥ TeM CcaMHM SABJISETCHA I[IPEeVMyIeCTBeHHEM, UTOOH
yCpeIHeHHOEe TIIO BpeMeHM YyIapHoe mOaBJjieHMe OBJIO He3HauMTeJIbHEBEM.
YonapHOoe maBJIeHMe C IMOIPOOOJIKUMTEJILHOCTLI0 IIopsSlKa OOHOM MCeK U
MaKCUMMaJIbLHOM aMILIMTynon okoJio 150 ©6ap (15 Mla) »paBaJio OH
yCpeIOHeHHOe IIO BpeMeHM 3HaueHmue nopsaigka 0,015 Gap (0,0015 MIa),
ecJiM OIMH UMIIYJILC YIAapHOTO HaBJIEHUS TeHepupyeTcs Kaxiawe 10
CekyHO. MMOyJbCc »OaBJIeHUS (C Takoy Xe aMILIMTyOoM okoJio 150 6ap
(15 MIa)) Opu OPOIOJKUTEJLHOCTM OKOJIO OIHOM CeKYHIH MMeeT
yCpeIOHeHHOe II0O BpeMeHM 3HaueHume 15 0Gap (1,5 Mla), eciam oOIOMH
VMIOYJILC IaBJIeHMS co3maeTcd kKaxnoele 10 cexyHn. TakuMm oOpasoM,
IpuMeHeHMe VMIIYJIbLCOB HOaBJIeHMA BO BpeMsa 323aBOOHEHMS MOTJIO O
IPUBOINUTE K 00pasoBaHMIO SA3HKOB M3—-3a PAa3HOCTM BA3KOCTeM, ToTIa
Kak YycCpeIHeHHOe II0 BpeMeHM YyIOapHoe IaBJieHMe BHOCWUIIO OB JIMUIb
He3HauMTeJILbHEY BKJIAO B dopMyJly HDapcu.

TakyuM oOpas30oM, IOIpMMeHeHMe CTUMYJIALIMM »OaBJIeHMeM, TaKyM Kak
yIoapHoe oaBJleHUe, BO BpeMsa 3aBOOHEHUS aBJIgeTCH
IpeuMymeCTBEHHEM, KOI'Ja OHO IM[IPUBOIUT K OOCTWXKEHMI IIOBHIIEHHOM

Heq_)TeOTI[aLH/I. 3TO MOXHO OOBACHUTL BHCOKMM ITaBJIEHMEM B COUeTaHUU
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C KOPOTKMM BpeMeHeM HapacTaHUAa (M IPOLOJIKUTEJIbBHOCTBK) YyIapHOIO
DaBJIeHUs, dYeM o0echeuMBaeTCsa OOCTaTouHas Pa3HOCTL HIaBJIEHUM Ha
OPOTAXEHUM OJMHEL I[IOPOBOIO KaHajla, KoTopad MOXeT I[IpeOomoJIeTh
KaOuJJIAPHOE CONPOTHUBJIeHMe. KpoMe TOTO, pPasHOCTL HOaBJIEHUM MOXET
IOOOEPXNBATECHA B TeueHNe OOCTATOUHO OJIUTEJIBHOTO BpEeMeHU
(BIM3KOTO K BpeMeHHOMYy IapaMeTpy Posjed), coszmaBas BO3MOXHOCTL
npoxona IIOBEPXHOCTHU pazmneia TeKYy4UnX cpen ( BEISBIB AIOMM X
KaluJIJIApHOEe COIPOTHUBIJIEHME) UYepes KalWJIJIApHBE KaHaJlel. BoJiee
TOT'O, KOPOTKOE BpeMs HapacTaHMA yIapHOI'O HakJieHUs oOecleuMBaeT
TO, UTO YCPeOHeHHOe II0 BpeMeHM yIapHOe HIaBJIeHMe He BHOCUT
CYIIECTBEHHOT'O BKJIama B ypabHeHMe Hapcu. IllpuMeHeHMNe IOMHaMUUeCKUX
XapakTepUCTUK coyOapeHus (Ipolecca COyIapeHMA) SABJISEeTCHS IPOCTHEM
U 20OeKTHMBHEM CHOCODOOM TeHEepUMPOBaHMA CTUMYJIALUMM »OaBJIEHVMEM IIpU
KOPOTKOM BpeMeHM HapacTaHua U [OJ9 [OOoOHOepXaHMSa IJOCTaTOUYHOM
Pa3HOCTHM HaBJIeHMM B TeueHMe IIepuoda BPEMeHH, OJIM3KOTO K
BeJiMuyHe B mOpenejax 1-100-xpaTHOTO BpeMeHHOTO IapaMeTpa Pnies,
UTO MOXHO OOBACHUTL KOPOTKMM BpPeMeHeM KOHTaKTUpoBaHUA (IO
OlleHKe C I[IpMMEHeHMeM TeOpMM coymapeHusa I'eplia) M TOTO Xe
nopsanka, win B Openejax 1-100-KpaTHOTO BpeMeHHOTO IlapaMeTpa
Pojies.

durypel 8A u 8B wu300paxanT pasJIMUHEE BapMaHTH MCIOJHEHUS
ycrpovicTB 200 1Jjd TIeHepMpOBaHMA YIAPHHX OaBJIeHUM. YCTPOMCTBO
200 BrJIOUaAET CJledymMe KOMIIOHEHTH; S3alloJIHEHHYI TeKyuel cpelon
KaMepy, koTopas MoOXeT OHTE B ¢oopMe ULuuHAOpa 201 Cc 1OByMdA
OTBEepCTUAMM, IJIyHXep 202, ODOOBMXHO pPasMeNeHHEM BHYTPM KaMepH
201, nepBot 211 m BTOpOM 212 TpyBONpPOBOILE, KOTOPHE COEIMHEHH C
OTBEPCTUAMM B I'MIpaBJIMYEeCKOM LwJMHOpe 201, wm npemnmer 208,
KOTOPEM MOXeT COyIoapAThbCA C IJyHxepoMm 202, TeM cCaMBEM HaHOCSHA
yoap IO Tekyuel cpele, TJlaBHEM o0pasoM B uyacTu 801 kaMepH.
TunpaBavdeckuy uumHOp 201 wMoxeT OHTE 3akpeljeH O0oJiTaMM Ha
TOKeJIOM ILIaTdopMe MIM Ha TpyHTe. B 2TOM BapMaHTe MCIOJHEHUS
mnyHxep 202 pasMemalnT B UWMIMHIOPe TakyuM ofpa3oM, YTO eT'0 HKHUM
KOHell (B ero caMOM BepxXHeM IIOJIOXEHMM) HaxXOIMTCHI HEeIOCPeICTBEHHO
Y BEepXHEeTro Kpafd OTBEPCTHMM B IMIpaBIMUYeCKOM UmIMHApe 201 wmiam
BIM3KO K HeMy. YcTpomcTeo 200 B Oourype 8B BKILUAET Takue Xe

KOMIIOHEHTEHI, Kakr CcrucTeMa, OIIMICaHHa#Aa B OTHOIEeHNN @Ml"ypbl 8A,
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TOJIBKO TeIlepbk KaMepa C pasMelleHHHM BHYTPM ILIYHXEPOM IIepeBepHyTa
OTHOCUTEJIBHO TI'pPyHTa Tak, 4YTo npeamer 208 cTalkuBaeTcsa C
KaMepoMr, yIOapAwnler IO TeKyuel cpele B Hel. MaJjloe BepTHKaJIbLHOE
CMelleHre I'MAOpaBJMUuecKoro uUuiamHOpa 201 BO BpeMda ynapa IIpelMeTa
208 He IPUBOIOUT K OTPaHNYEeHNIO TeUueHUS BOMH. YTOoOH
IPUMHOPABJIMBATECSH K JI0BoMYy BEpTUKAJILHOMY CMeEIleHUIO
TUMOpaBIMueckoro umimHOpa 201, cerMeHTH TpyodonpoBonmoe 211 m 212
MOTYT OBTH CHeJIaHBE I'MOKMMMA .

Kak mnpaBmjio, TekKydasd cpella, OIpoTeKawKmas udepes TpyDoIpoBOI
212 (uepes I'HUIPABIMUeCKUMY LUMJIMHIOP 201) M B CTOPOHY TpydoldpoBoma
211, MoxeT coIepXaTh CMeChb TeKyuMxX cpel WMIM OPpYIMX PaCTBOPEHHHX
TeKyudMx Cpel. Bo MHOTMX ClIy4d4afax cucreMa HeuzbexHo Oyner
comepxaThb BKJIOUEHU A rasa, HalpuMep, Iy 3HPEL KU BO3IOYXa,
PAacTBOPEHHOTO B BOIOHOM Tekyuel cpele. TakKMe BO3IOYNHHE BKJIOUEHUSA
[IoUTM BCeT'Ia IIPUCYTCTBYIT OT HadaJla CHUCTEM TeKyuMux Cpel, WU
MOTYT TIIepeMemaTbCca I[IO0 CHuCcTeMe ¢ TekKydel Ccpenou, eclIM UX
TMAaTEJILHO He YyIOaJidiTh, HalIpuUMep, yIaJleHMeM BOo3aOyxa. Kpome TOTO,
BO3OYIIHEE IIy3HPBKM MOT'YT OOpas3OBHBATECHA B BOIe BCJIENCTBUE
TYpOYJIEHTHOT'O TEUeHMusd, WIM BCJIEeIOCTBUe yIapa OpeaMeTa 208 110
mIyHxepy 202.

Takye Ta30BHE BKJKOUEeHUI, Kak OpaBujo, OyOyT HOpPOABJIATH
TeHOeHUIMI K HAaKOIJIeHMI0O B CaMOM BepxHelM B30He B YCTPOMCTBe 10X
oecTBMeM TI'PaBUTALMOHHBIX CWJI, Tak Kak Tas30BhHe I[IYy3HPbLKM OyOoyT
IIOOHVMMATLCS BBEepX B TeKyuel cpeme. B yCcTpoMcTBe, CcxeMaTUUeCKU
n3obpaxeHHOM B ¢uIypax 8A U B, 5TM MeJIKMe Tas0BHE BKJIOUEHUSI,
TakMe KakK BOBIOYIMHHE I[IYy3HPLKM, €CTeCTBeHHHM IyTeM codMuMpaliuch Ol
B 30He 800 B camMoM BepxHeM UYacTM UWIMHIOpPAa, HWXe ILJIyHXxepa 202.
3meck, ecJaM BTO He IpPeldoTBpallaTk, I'a30BHE BKJIKUYEHMS MOTYT
HakallJIMBaATLCI CO BpeMeHeM, o00pa3ysa CKOIJIeHMEe TI'a30BHX BKJIOUEHUN,
B KOHIIe KOHIIOB C OOpa30oBaHMeM OOJILIMX Tal30BHX IIY3LHpel.

BciencTBue O6o0Jiee BHCOKOM CXMMaeMOCTM TI'a30BHX BKJIOUEHUM II0
CpaBHeHMID C TeKyuel cpenol, Tas30BHEe BRJIOUEeHUS, IIPUCYTCTBYIMINME
non IJyHxepoMm 202, yIapdomyMM IO TeKyudel cpeme B @ KaMepe,
YBeJIMUMBaJu OB BpeMsa KOHTaAKTUPOBAHUA M CMelleHMe ILIyHxepa 202 BoO
BpeMsa coyImapeHMs. UYeMm Oo0OJblle KOJMUECTBO T'a30BHX BKJIOUEHUM,

KOTOPEE TIIPUCYTCTBYKOT, TeEM QoJibllee CMelleHVe IUTyHXepa IIoJIydaeTCHd,
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n TeM OOoJIblIe BpeMAa KOHTaAKTUPOBAHUA . Clie) ABJIAETCH
HeOJIaTONPUATHEM, KoTHa TpelOyeTCsa TI'eHEePUMPORaHMEe YyHOapHHX OaBJIEHUM
Cc OoJibIIOM  aMILUIMTYOOM M  KOPOTKMMM BpEeMeHeM HapacTaHusa U
IIPOOOJIXUTEJIEHOCTRIO, Ko ma BaXHO [IOOOEePXBaTh BpeMAa
KOHTAKTUPOBAHMA HACTOJIBKO KOPOTKMM, HACKOJBKO BO3MOXHO.

[losTOoMy Ji0BOE CKOILJIEHME WMJIM HaKOILJIeHMEe TI'a30BHX BKIIOUEHUN B
30He 800 poJpkHO OBITHE COKpPalleHO WM [IPeOOoTBpalleHO B YacTu
KaMepH, TI'Ie Tekyudyasd cCcpelda HEINOCPeICTBeHHO IOoIOBepraeTcsa yIapy,
801l. B BapMaHTax MCIOJHEHMA CcoIJlaCHO ouIrypaMm 8A m B 3T0
OOCTUT'aeTCs pa3MelleHMeM BHIIYCKHOT'O KaHaJja 211 M3 KaMepe pamoM C
soHOM 800, roe OynoyT cobupaTbCcd Ta30BHEe BKJIKUeHMA. Takum
o0paszoM, I'a30BHEe BKJIIUEHMS, TaKMe KaK BO3IOYIHHE IIY3HPBKM, OyOoyT
BHITAJIKUBATECHA nus ITMOPaBJINYUECKOTO UWJIMHIOPA 201 BOOOM,
IpoTeKawnmen 13 Tpydomnporoma 212 M B CTOPOHY TpybomnpoBozma 211. B
STUX BapMaHTax MCIOJIHEHMS HaKOIJIeHMEe Ta30BHX BKJIIUEHUM B KaMepe
OOIIOJIHUTEJIEHO  COoKpallaeTcd MWIM  Jaxe I[IpeZoTBpallaeTcd  Takxe
pasMelleHMeM BIIYCKHOTO IaTpybkKa BCJel 3a MeCTOM WM B TeCHOU
BIM30CTM K MeCcTy, IIOe TekKydad Ccpela [oOoBepraeTcd yhapy B
IpolleCcCe COyHOapeHMs, TeM CcaMbM YyJydllasd [OIpOoTeKaHMe B STOM YacTH
801 xamMepH.

OUTYPH 9A wum B IIOKAa3EBaKnT IoBa BapMaHTa  MCIOJIHEHUA
ycrpovicTBa 200 IOJsa TeHepMPOBRaHMA YIHAapHOTO HaBJIeHUSA, ITHOe IOBe
CTeHOUHHX dYacTu 901, 902 kameps, HOOIBMXHHE OTHOCUTEJILHO OPYyT
opyra, cbopMMpoOBaHH LUJIMHIPaMy, BCTaBJIEHHHMM OIMH B IOpyToM. B
cucTeMe IIpPelyCMOTPEHO VYIIJIOTHEHMe, UTOOH OI'PaHWUUTE YTEeUKy
TeKydelr cpelbl Mexny uuamHiopamu 901 m 902. KpoMe TOTO, B CUCTEME
MOXeT OBTbH NIPelyCMOTPeHO YCTPOMCTRBO IJA OpPpeOoTBpalleHMS BHXOOA
umamHopa 901 u3 uuamHOpa 902 BCJIeOCTBMe IOaBJIEHUS TeKydeW CpenH,
npeonoJjieBammero Bec IuaMHApa 201 m jmoboe TpeHMe B YILJIOTHEHUN.

B BapuaHTe WCIOJHEeHMA COITJlaCcHO ourype 9A, Kak BIIYCKHOMU
naTpy®ok 212, Tak M BHIYCKHOM NaTpy®ok 211 pa3MemeHH B LUWUJIMHAPE
901, XOTOpPHM HOOBepTaeTcd yHapy OpeiMeTroM 208. PasMemeHUe
BIIyCKHOT'O ¥ BHIIYCKHOI'O IaTpPyDOKOB OTHOCUTEJIEHO 30HE 800 Ia30BHX
BKJIDUEHUM CoOKpallaeT WM [OpeXdoTeBpamaeT Jioboe HakomjieHue 801
TaKMX Tas0BHX BKJIOUEHMM, TIe TekKydasd Ccpela I[OoOBepraeTcsa yIapy.

B BapMaHTe MCIOJHEHMS COoIJlacHO ¢urype 9B, BOYyCKHOM HaTpyOok 212
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paz3mMemeHd B LUuauHIpe 902, M BHIOYCKHOM HaTpyOok 211 pacIoJIoOXeH B
umauHope 901, KOTOPHM HNOIBepTraeTcsa yhapy OpeiMetom 208.

Ouryps 10A, B m C cxeMaTMUeCKM I[IOKa3BBAalT elle OIVMH BapMaHT
VICIIOJIHEHUSA  yCTPOMCTBa IJIS T'eHepUpOoBaHMA YyIOapHOTO  IaBJIEHUS
coTJlacHO wM300peTeHMioO. YcTpoycTBo 200 3meck BKJIOUAET ILJIYHXEP
602, pasMemeHHEM BHYTPpM LUMIuHOpa 601, Tmoe muyHxep 602 pasmessder
umamuHop 601 Ha @»mBa oTceka 1001, 1002. IlnyHxep 602 BHCTYIIAET
HapyxXy M3 I'MIOpaBJIMUEeCKOTO UuJMHIOpa 601 uepes oTBepcTue 605 BO
BTOpOoM oTceke 1002. TlepBur 211 u BTopoM 212 TpyOOIpPOBOIH
CoenMHEeHH C IOBYMS OTBEepCTUSAMM B IIE€PBOM, 3alOoJIHEHHOM TeKyuden
cpenot oTceke 1001. Tpeamer 208 pasMemeH OJsS CoyOapeHUs C
wIyHxepoM 602, TeM caMHM yIapfaomeIro I[I0 TeKyduel cpele B IIepPBOM
oTCeke 1001, C oBpa30BaHUEM YyIapHOTO OaBJIeHUSA,
pacrnpocTpaHdpmerocsa o TpybonposonaM 211 m 212, COOTBETCTBEHHO
paHee PpPaCKpPHTHEM BapMaHTaM WCIOJHeHud. Mexny ILIyHXepoM 602 wu
CTeHKaMM UMJIIMHIOPAa B cucrTeMe MOXET OBITE IpenyCMOTPEHO
YILUIOTHEeHME, UTOOH  OTPAHUUUTE YTeuKy TeKydel Cpele Mexnoy
OTCeKaMi.

Kpome TOTO, B CHUCTEMY MOXeT OBTEH BKJIOUEHO YCTPOMCTBO IJIA
IpedOTBpalleHUs IepeMelleHMUs I[JIyHXepa 602 BoIle KpaMHeI'O IIOJIOXEeHU I
C IIpeonoJIeHMEeM IaBJIeHMd TeKydel cpelb. Takoe YCTPOMCTBO MOXET
OHTL [IPOCTO HEKOTOpOM IeTaljlblo I[IyHXepa 602 BHYyTpM UUMIMHIOPA,
KOTOpad He IO3BOJIAET IUIYHXEPY BHXOOUTH uUepes oTeBepcTue 605.

OrBepcTUe 604 10O3BOJIAET TekKyuel cpeme (HaIpuMep, BO3IOYXY)
IpoTeKaTh WMJIM HaNpaBJATLCS BO BTOpoM oTcek 1002 m M3 HeTro BO
BpeMsa paboduero pexuMma, UYUTOOH KOPPEKTUPOBATH WM pPelyJIMpOBaTh
naeJleHMe BO BTOpoM oTceke 1002. OrBepcrtme 604 B OIOHOM BapMaHTe
WCIIOJIHEHMSS MOXeT OHTH 3akKpHTO BO BpeMa paboduero pexuma, TeM
caMelM I[oOBeprafd TeKyuyln Ccpely BO BTOPOM OTCeKe CXaTuo U
OeKOMIIpeCCUN .

TakuM o0Opa30oM, HaBJIeHMe I103alM IUIyHXepa MOXHO, HallpuMep,
KOHTPOJIMPOBATE TakK, UYTOOH I[IOJIHOCTBI WJIM YaCTUUYHO BHBOOUTL U3
PABHOBECHOTO COCTOSHMS IaBJIeHMe B TeKydel cCcpele Iepel YyIOapoM
openMeTa. Tor'la 9DTO YBeIMUMBAET KOJMUECTBO BSHePIMM, KoTopad
OymeT Npeobpas3oBaHa B yOapHOe IaBJIeHUE.

@Mrypa 10B mnokaselBaeT OOUH BapMMaHT MWMCIIOJIHEHMA yCTpOﬁCTBa,
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CPaBHMMEI C KOHCTpykUuel B Oourype 10A, TOJBKO 3IeCh HABJSETCH
VHOM’ opUeHTaluusAa CUCTEMEL, 17 npeIMeT 208 coynmapsaeTcsa C
TUOPaBJIMUECKMM LUJIMHIPOM.

durypa 10B 1nokas3wpBaeT BapMaHT MCIOJIHEHUSA YCTPOMCTBA,
CPaBHMMEIL C KOHCTPYKUMeM coIrJjilacHo o¢urype 10A, TOJBKO B3IecChb
mIyHxep 602 BRJIOUaeT MNPOTOUHHM KaHaJ 1003, uTobOH Tekyuasd cpena
MOTIJla IpoTEeKAThH MEeXIy oTcekaMmu 1001, 1002, obecrieunBada
BOBMOXHOCTEL pa3MelleHMsa EBIYCKHOTO IaTpybka 212 BO BTOPOM OTCeKe
1002. B TMpOTOUHHM KaHaJl BCTaBJIeH ONHONPOXOIHHM KJanaH 1004,
IIO3BOJIAKINUN TNIPOTeKaHMe TOJIBKO M3 BTOPOTO OTCeKa B IIePBHM OTCEK.
Binaromapsa mnpoTodyHOMYy KaHaJly 1003 B I[JIYHXepe OaBJIeHMEe B IOBYX
oTcekax Ha o00eux CTOpOHax IUJIyHXepa MABJSeTCsa OOUHAKOBEM, U
IJIyHXep TeM CaMeM He IIepeMemaeTcsa I[Ion HOelWCTBMeM OaBJIEHUS B
TeKydel Ccpele He3aBUCHMMO OT TIHUIPOCTATUMUECKOTO IaBJIeHUS B
cucTeMe. Ymap HOpenMeTa 208 IO IUIYHXePY BH3HBaeT OBVKEHME TOJIBKO
BHM3, ¥ IIORTOMYy MOXeT OHTEH IIPMMEHeHO Ipyroe YCTPOWMCTBO IJIA
lepeMelleHMsa IUJIyHXepa B eI'0 MCXOOHOe caMOoe BepxHee IIOJIOXKEeHMeEe
Iepel CJenynlyM yIoapoM.

Ourype 11-14 WIJIIOCTPUPYIT pPasJiIMUuHbBle BapUMAaHTH  MCIIOJIHEHU I
YCTPOMCTERA 0oJidg TeHEPUPOBaHNA YIapHOTO DaBJIeHUd COIJIaCHO
nz3obpeTeHro. B D2TUX BapuaHTax MCIOJHeHMsa 30Ha 800, 1mme 1mon
OelCTBMe TIPaBUTALMOHHEIX CKJI COOMpAalTCHa JIOOBEe IT'a30BHE BKJIOUEHUS
B TekKyuel cpeme, ObJla pasMelleHa B YCTpoMcTBax BHe uyacTu 801
KaMepH, I'Ie TeKydasd Ccpela [HOoOBepraeTcsa ymapy.

B ourype 11 mpelMeT coylapsaeTcsd C IIepBOM CTEHOUHOM YacThio,
PACIOJIOXEHHOY Ha HETOPM3OHTAJILHOM CTOPOHEe 3alloJIHEHHOW TekKyueu
Cpeno¥ KaMeph, TOoTHa Kak JIoObe Ta30BHEe BKJKUEeHMS cobupalnTcd B
30He 800 B caMOV BepxHeM YaCTM KaMepH.

B durype 12 mnpenycMaTpMBaeTCd TaleHMe BCeM KaMepH LeJIMKOM
BHM3 Ha IOpeIMeT (TakoM KkKakK TpPyHT). TeM caMeEM TeKydasd cpena
nomoBepraeTcda yoapy BO BpeMd IIpollecca COoyDapeHMsa IJIaBHEM O00pa3oM
caMoM HwxHeMm dYactu 801 xaMept, TOT'ODa Kak JIoOBlEe T'a30BHE
BKJIDUEHMS €CTeCTBeHHEM oO0pa3oM cobupakTcsa B 30He 800 B camom
BEPXHEMW UYacCTU KaMepH.

B ¢urype 13 miayHXep BKJIKOUYaeT IPOTOUHEM kaHall 1003. Kpowme

TOT'O, €I'0 HWXHAS I[IOBEPXHOCThL, oOOpalleHHasd B CTOPOHY 30HHE 1301
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yoapa IO TeKyuer cpene, SABJAeTCAd BOTHYTOM TakuMm o0pa3oM, UTO
T'a30BHE BKJIOUEHMS B IepBoM oTceke 1001 OynoyT IepeMemaTbCcd BBepPX
B IIPOTOUHHM KaHaJl OJA HaKoIlJleHusa B 30He 800 BO BTOPOM OTCekKe
BHe 30HH 801 ynapa.

B ourype 14 [OOBEepPXHOCTL ILJIyHXepa, ofOpalleHHass B CTOPOHY
soHbl 1301 ymapa 1[0 TeKyueM cpene, CKOIIeHa OTHOCUTEJILHO
TOPMBOHTAJIM Tak, UYTO Tas30BHEe BKJWOUeHMA OyIyT I[OIOOHMMATHLCS U
IepeMemaTeCca B 30HY 800 B cTopoHe oT MecTa 801, I'Ime ILJIyHXep
yoapseT IO Tekydel cpele.

VHBa3MOHHAA IIepPKOJIALMA IPeOCcTaBJigeT cobo¥ CJIOXKHOe ABJIeHUe,
HabOJomaeMoe, kKoI'Ja OJHa TekKydasd cpella BHETECHSeT ele OIOHY
Tekyuyln cpely B IIOPUCTOM cCpele TakKuMM o00pa30M, Kak BO BpeMd
M3BJIeUeHVd  yTIJIEBOOOPOIORB nus3 IIOPUCTOM CpeIrH B IJIacCTOBOM
pe3epByape HaTrHeTaHMeM Tekyuel cpenn. Crooco®, OIMCHBaeMBM B
2TOM JIOKYMEHTe, OCHOBEHBaeTCs KaK Ha TeopeTUMUecCKux, TaK W Ha
DKCIIEPUMEHTAaJIbHHBIX VMCCIIENOBaHUAX VHBAa3MOHHOM [IEPKOJISLINN, u
HEKOTOPEE Pe3YJIbTAaTH OyoyT npelcTaBJIEHH B HIDKE CJIe OYIIEM
OTIMCaHUMN .

OKCHEepUMEHTH I[10 MOIEJIMPOBAHMUI MHBABMOHHOM IIepKOJAUMM OBJINU
IpOBeIeHE Ha IOBYMEPHOM IIOPMCTOM cpene, KaK MWILIIOCTPUPOBAHO B
durypax 15-20. [IByMepHy®© (2D) T[opuUCTyH Cpeny, IIOKa3aHHYKD B
durypax 16-20, M3TOTOBMJIM M3 ILJIOTHO YIaKOBaAaHHOT'O MOHOCJIOHA
CJIyuaMHO paclpeleJIeHHHX CTeKJISHHBEIX OycuHOK 1600 c numamerpom 1
MM, M Pa3MeCTMJIM MeXOy IBYX CTeKJISHHBX IJjacTuH, 1601. CTajibHHE
mtacTuHe 1602 wm nonepeumHE 1603 MCHOJIB30OBAJ M  OJIS  HaIeXHOTO
yIepXUBaHUSA CTEKJIAHHEX ILJJACTMH Ha CBOeM MecTe BO BpeMa CO3IaHu4g
naeJjieHrss B 2D-cucTeMe. UYeThHpe OKHa 1604 B CTaJIbHBIX ILJIaCTUHAX
1602 [O3BOJAKT pPeIMCTPUPOBATE KAPTHMHH CTPYKTYP, BO3HUKAKINX,
KOT'Ia IIPpOHMKAaKmas TeKydasd Cpella BHTECHHAET HEeCMEMMVBAaKIyCs
TeKydyrn Cpely B ILJIOTHO YIIaKOBaHHOM MOHOCJIOE CTeKJISHHHX OyCHHOK.

[lmprHa " §$OJdMHa 2D-cucTteMel cocTabBJgaiau 250 v m 1000 wM,
COOTBETCTBEHHO. J30beKTMBHasa mMpMHa W cCcocTaBJIgSeT OKoJIo 230 MM
BCJIENCTBME YIJIOTHEHMM BIOOJIb KPOMOK. OJMBKOBOE MAaCJO C BA3KOCTHIO
okoJio 0,084 Ila-cek MCIHOJIL3YIOT B KaueCTBe BHTECHIEMOM TeKyuen
Cpenrl, ¥ BOOY C BA3KoCTh okoJjo 0,001 TIla-cexk I[IPpUMMEHSIRT B

KauecTBe HpOHI/IKaIOHleﬁ Tequeﬁ Cpelltl BO BpeMA Hal'HeETaHMA Tequeﬁ
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cpentl. IIOBepXHOCTHOE HaTSXeHMEe «Y» MeXOy BOINOWM ¥ OJMBKOBHM
MacJyioM cocTaBJsgeT okoJjio 0,0186 H/M, M ¥M3MepeHHas MOTPOHMUIIAEMOCTDb
«k» 2D-CHCTeMH COCTaBJSIeT OKoJo 2-10° M°. CHauasa CTeKJISHHEE
OYCHMHKM pa3MemanT ¥ IIJIOTHO VYIAKOBHBAalT MeXOy CTeKJISHHBEMA
IJlacTuHaMM, QOopMHMPYS HNOPpUCTyKR 2D-cpeny. BHIIOJIHAIT HECKOJBKO
IPOLIeCCOR MOPeHMPOBaHMA U IIOIJICHEHMS IOJS HaCHMeHUS 2D-CHUCTeME
BOIOOM ¥ OJIMBKOBHEIM MACJIOM, M IIepPBOHAUAJILHO Ppa3MeleHHOe MCXOIHOEe
OJIMBKOBOe MacJyio (OOIP) cocraBJaseT okoJo 80% obmero obweMa
Tekyuel cpensl B 2D-cucTeMe. 3aTeM B IOPUCTYID Ccpely HaTHeTaJlu
IPOHMKAKNIYID TeKyuyl cpeny (BoOy) uepe3s BIYCKHOM kaHajg 1607,
PACIIOJIOXEHHEY II0 LeHTPpY Y OIOHOTO KOHUa 2D-CUCTeMbBl C IIOMOMILIO
Hacoca @OJg TeKydeM cpeld (He T[okaz3aH) M C KOHTPOJUPYEeMOMu
BeJIMUMHOM pacxola IIOTOKa.

OKCHEepPUMEHTH I[IO MHBABMOHHOM MNepKOJALUMM, Pe3yJILbTaTH KOTOPHX
mokas3aHe B Qurypax 17-20, OBUIM BHIIOJIHEHH C T'e€HEpMPOBaHMEM U 0e3
TeHepUMpOBaHUSA YIapHOTO oaBJIeHUAd, u BO BCex cIydaax c
dMKCHMPOBAHHOM BeJMUMHOM pacxoma nootoka 0,08 jgurpa B dYac (80
MJI/dyac), 3amaBasg CpPemHoDn CKopocTh U TeueHMS UYepes IIoIepeudHoe
ceuenne (1 MMx230 MM) okojo 9,7:107° wMm/cex, wm 35 cMm/dac.
KanmmnndgapHoe uwmcjo Ca, ompenensgeMoe KaK COOTHOIMeHMe Mexny

naBjeHveM [apcu (Pd=urU/k) ¥ KanowuIgpHHEM »OaBJjeHueM (Pc=y/r),

naer Ca=uUr2/ky, KOTOpPOEe B BTUX BKCIEepMMeHTax I[I0 MHBA3MOHHOM
nepkoJaumMm cocTaByasgeT okoJio 0,014. PamMyc TOPOBHX KaHAaJIOB «I'»
WIIIOCTPUPOBaH B ourype 21, ¥ OLEHMBAeTCsa COCTABRJAKIVM OKOJIO
0,25 MmMm.

OKCIEepUMEeHTH [0 MHBas3uM OBJIM TIOBTOPEHH CO CTUMYJISLMeN
IoaBJIeHVEeM, T[PUJIOXEeHHHEM K HaTHeTaeMOW TekKyuell cpele B oGopMme
YIOapHHX HOaBJIeHUM. YOapHOoe HOaBJIeHME B OIMCHEHBAaEMEIX 3KCIepUMMeHTax
cosmanT IIyTeM YyIapa Do ILUIyHkepy 804 B 3aloJIHEHHOM TeKyuen
cpeno¥ ITHIpaBIMUeCcKOM LUMIMHApPe 805, Kak WMJIJIOCTPUPOBAHO B OUType
15, m oTHOCHAmerocsa K TOMY Xe THMIIy, KaK CHUCTeMa, OIMCaHHasa B
OTHOWeHUM Ourypsl 6. Maccy 801 B 5 KI' pasMemanT Ha BepTUKAJILEHOM
cTepxHe 802, KOTOpPHIM, C IHOMOmBK OBUTaTend 803, NOOHMMaeTCsa OO
OIpeneJIeHHOM BHCOTH, C KOTOPOM MOXeT IalaThk BHM3 Ha ILJIYHXep

804. PeHepMpOBaHme YOAPHOT'O HOabBJIEHMA He OKa3EBBaJIO BJIJIMAHMA Ha
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BeJIMUMHY Ppacxola IOTOKa HaTlHeTaeMoM TeKyuer cpenbl. IMKJIE
YIOApHOTO IHOaBJIEHUSA [NOBTOPSAJIM kKaxnaee 10 cekyHIO. [IpOHMKAKIYO
TEeKyuUyrn cpeny (BoOy) HaTlHeTanT uUepes3 TpyOOIpOBOIOH (He IIOKa3aHH)
B TIMApaBIMUeckuM LumamHAp 804, M 3aTeM B IHOPUCTY 2D-cuUcCTeMy
yepes BIYCKHOM kaHaJ 1607. Kak OpoHMKawmasg, TaK M BHTecHsIeMasd
TeKyuMe Cpele OKa3HBalTCA B LUJIMHIPE 160606, U3 KOTOPOTO
KOJIMUECTBO HeCMemMBaKlmelcsa TeKyuel cpellbl, BHTEeCHEHHOM BO BpeMd
SKCIIEPUMEHTOR I10 MHBA3MOHHOM IIEPKOJIALUM, MU3IMEPST OJIS IOJIYyUYeHUS
Ko30duIIMeHTa HedpTeoTmauum (% OO0IP).

Bo BpeMsa BcexX DKCIEPUMMEHTOB Uepe3 OKHa B  CTaJlbHEX
mjacTMHax 1604 OpoBOOMIIM CHEMKY UIMOPOBHMM KaMepaMu M300paxeHUn
CTPYKTYP BHTECHEeHMSI, KOTOPHEe BOS3HUKAIT BO BpeMa MHBaBUOHHOM
MNEPKOJIALUMY, KaK [IPpU CTUMYJIALUM OaBJIeHMEM, TaK U 0e3 CTUMYJIALWMA.

Ouryps 17 m 18 mnoka3HBaKT IIOJIYUeHHEE CTPYKTYPH BHTECHEHUS,
BHBEeIEeHHEEe M3 5SKCIEPMMEHTOB CO CcTuMydaumen (ourypa 17) u ©Bes
CTUMYJIALUA (dpurypa 18) YOAPHEM  OaBJIEHUEM, COOTBETCTBEHHO.
TemHeM 1BeToM 1701 nokas3aHa I[IpOoHMKaKMad TekKydasa cpena (Bonma)
MexOy CTeKJIAHHBEMM OycuHKamm 1600, M CBeTJHM uUBeToM 1702
[IoKaszaHa BHTeCHAeMasd TeKydasd cpela (OJMBKOBOEe MacJjo). OUIYPEH
17B m 18B mnoka3eHBaT Te Xe pesyJbTaTh, TOJBEKO B KOHTYPHOM
npencraBJIeHUN, c BHUEPUYEHHOMN KOHTYpPHOM JVHVEN 1703,
Ioka3bBapmelr GPOHT IMIPOHMKAKIMEN TeKyuel cpelbl. 9T U300paxeHms
OBLIIN CHATH  OPpUOJIM3UTEJIEHO yepes OIOVH yac rocJie HayuaJia
HaTHeTaHUA Tekyuemn Cpentr, u ABJIAKTCSH IoKa3aTeJIbHEMA
pesyJibTaTaMu oJjsa XapaKTepnucTHUuUIeCKMX CTPYKTYP BHITECHEHUS,
IIPOUCXOOAMEeT 0O co CTUMYJISALMEN yIapHBM oaBJIeHMEM u ez
CTUMYJISLNMA .

Kak MOXHO BMIOETH U3 uU300paxeHU B ourypax 17 wm 18,
CTUMYJIALIMA YIAPHHEM OaBJIeHMEeM OKa3LHBaeT 3HauMTeJIbHOe BO3OeMCTBUE
Ha MHBa3MOHHYK IIepKoJIALMK. Kpome ToTo, KOZ0(MIMEeHT HedTeoTaauu
Opu CTUMYyJIALUUM yIOapHEM IaBJjieHueM (¢urypa 17) DO U3MepeHUAM
cocTaBJigeT OKoJIO 65%, M TeM caMbM ABJIAeTCS Topa3no OOJLMKMM, UeM
[IOJIYY e HHEIM OJis CTaHOaApTHOM HeCTUMYJIMPOBaHHOM VHBa3MOHHOM
ODepkojgauuu (burypa 18), Zawmel M3BJIeUeHME TOJIBKO OKOJIO 35%.

Ouryps 19 m 20 noka3pHBaKT ILJIOWAOM CTPYKTYPH BHTECHEHUS,

nzobpaxeHHHe B ¢urype 18, B yBeJIMUEHHHX BMUIaxX, TO eCThb, IJ4g
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VMHBA3MOHHOW TMepKoJAUMKM 0e3 JIOoW CTUMYyJIALUWM YIOapHEM OaBJIEHVEM.

B yBesiMueHHOM M300paxeHUM B oOourype 20 CTeKJISHHEHEe OyCHUHKU
1600, bopMmpyrmue  nopucTyo 2D-cpeny, ACHO BMOHBEL Ha  QoHe
OKPalleHHEX TeKyuMX Ccpel, 3aloJIHAKIMX I[IOPH MeXny OyCHMHKaMM.

EcTb dUeTHpe pas3JIMUHHX MacmTaba BO BpeMsa MHBABKOHHOM
nepkoJgauuu 0e3 JuodoM CTUMYJIAUUM yIapHHEM OaBJIEHUEM, OIpeleliseMble
kKak A-, C-, D- um W-paMmKM, IoKaz3aHHEEe B (purypax 19-20.

HauboJjiee BaXHBIM Macmradom ABJIAETCH Macmrad, roe
HabmonaeTcsa of0pa30BaHMEe KalWJJIAPHOTO fA3HKa, M 5BTO IIPOUCXOOUT
BHyTpu C-paMkKM, KkKak o0003HaueHO B ourype 19, U B yBeJMUEHHOM
BuIe B ourype 20. IiamHa cTopoH C-paMKM MOXeT OBTHL OIpelejleHa U3

clemylmyx COooOpaxeHMM. VYpaBHeHMe [lapCu »aeT BHpPaxXeHMVe IJId

OaBJieHrdg Iapcu Pd=pkU/k, TOme  «A» nperncraBpideT OJIuUHYy C-paMKy,
«1» TIPenNCcTaBJISeT BA3KOCTH OJIMBKOBOTO Macla, UM «Kk» TMIpeldcTaBJIgeT
[IPOHUIIAEMOCTE 2D-CHUCTEMEH. B caydae o00pa30BaHMA KalOUJIJIAPHEX

A3HKOB IOaBJIeHMe [JapCM COCTABJIAET BeJMUMHY I[IOPSIKa KalMJIJISPHOI'O
naBjeHrda (Pc=y/r), M TeM CaMbBM MOXHO MHOONYCTUTL, UTO WUAU/k~y/r.

InovHa «A» C-paMkyM ToTOa 3alaeTcs BHpaxeHueM A=r/Ca, rme Ca
opencraBjdeT  KalWJJIApHOE  UMCJIO (KOTOpPOe  oIpenejyigdeTcsa  Kak
COOTHOIIEeHMEe MeXOy nOabJieHMeM [JapcCr ¥ KalWJJIAPHBEIM OaBJIEHMEM B
MacmTabe OJMHBE, PaBHOM paIuMyCy «Ir» IIOpOBOI'O KaHaJja) . HiauHa C-
paMKM OTlpaHMUMBaeTCd TeM OOCTOATeJNIbCTBOM, UYTO »OaBJieHMe J[apcu
OOJDKHO IIPEeOoOoJIEBATH KalWJJIAPHOEe IaRJIeHUE.

durypa 21 WUIOCTPUPYET HOBe Pas3JIMUHEX XapaKTepUucTUdeCKUX
KOHOUTYpaluuM IIOopoBOoTOo obweMa 2100 nopucTo 2D-CHUCTEeMH B
SKCIIepUMEeHTax, KakK BUIMMHE CBepXy U CcOOKY, COOTBETCTBEHHO.
KrampaTHHM TOPOBRHM 00BeM MMeeT 8 MNOPOBHX KaHAaJIOB, U TPeyTOJILHHM
MMeeT 6 TIOPOBEIX KaHAaJIOB, BXOOAMMUX B KaXOBEM [IOPOBRHM oOBeM. Kak
MOXHO BMIETL B BUIe CBepxy B o¢ourype 21, 1nmaMeTp «d» IIOpPOBOIO
kaHaJja 2101 B nope 2100 MOXHO OIEHUTE IIPMMEPHO PAaBHEM paImnyCcy
CTEeKJISAHHEIX OYCUMHOK 0,5 wMmM, " TeM caMmeM r=d/2=0,25 wMwM.
JOMNOJHUTENLHEIM BaXHHEM MacllTaboM BO BpeMsa MHBABMOHHOM MepPKOJIALUU
ABRJIgeTCcHa MacmTad nopoBoTro obbeMa (A-paMka), KOTOPHM OOO3HaUeH
Kak A-paMka B O¢urype 20. [OIuaMeTp CTeKJIAHHHX OYCHMHOK COCTaBJIgeT

1 MM, M TeM caMBEIM MOXHO CHeJjlaTh BHBOI, uTo A=1,0 MM. OIHAKO
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VMeeTCsa HeKOTOopOoe paccTodHMe MeXOy CTeKJSHHEMM OYCHMHKaMM, WU
HeKOTOpHE BapMalMM IMaMeTpa CTeKJSHHHX OYyCHMHOK. OTO »OeJjlaer
BeJIMUMHY «A» cJerka OoJblleM, U IJMHa <«A» A-paMKM OLIeHMBAETCH
okoJio 1,1 mMm.

SKCIIEPUMEHT II0 MHBABMOHHOW MNepKOJALMM, WJIJIIOCTPUPOBAHHBNM B
durypax 18-20, wumeeT (Kak OBJIO OIpeleJIeHO BHIIE) KalWJIJISPHOE
ynuciso Ca okxosio 0,014, M TeM caMeM IJMHa «A» C—-paMKM CcOCTaBJIgeT

A~18 mMm. JimHa «L» D-paMKU OlleHMBaeTcd paBHOM 81 MM ([IPMMEpPHO B

4,5 pasa OoJsiblle «A»), KoOTopasd OompasyMmMeBaeT, uTo L~0,35W [9]
(rme W npexncrTaBisgeT 200eKTUBHYID IMPMHY DSKCIepUMMeHTaJllbHOW 2D-
CUCTEeMH) . B mnopsanke o0o0meHMsa, UYeTHpPe pPa3JIMUHHEX MacmTaba BO
BpeMsa MHBASMOHHOW MNepKOJAUMM ObUIM MOeHTHuMuMpoBaHw A-, C-, D- u
W-paMKaMM, ¥ MMETCS OKOJIO 268 (oTHoweHMe 16,4) A-paMOK BHYTPU
C-paMku, u uMenTCcsa okoJio 20 (orTHoweHue 4,5) C-paMOK BHyTpu D-
pPaMKy, W, HaKOHell, MWMeKRTCHd OKoJIo 8 (oTHomeHue 2,9) D-paMok
BHYTPM OIOHOM W-paMKMU.

CTpyKTYpa BHITECHEHUSd, KoToOpasda IoABJIAETCSA BO BpeM4a
VMHBAa3MOHHOMN IIEePKOJIALUA, opencraBJigeT cobon bpaxkTan [1171.
KosdduiimeHT HedTeoTHauM BO BpeMS MHBaA3MOHHOM IIePKOJALMM MOXET
OLITE OlLleHeH TeOpeTUUeCKM I[IpMMeHeHMeM MHIEKCOB (¢paKTaJIbHOT'O
U3MepeHuda OoJad ofpa30BaHMA KaOWJJIAPHHX [2] ¥  BA3KOCTHHX [3]
I3BIKOB  kKak 1,83 wm 1,53, COOTBETCTBEHHO. Yuciio A-paMokK,
BBeIeHHHX I[IPOHMKAKIMENM TeKyuel cpemol (BomoM), ToI'la MOXeT OHTb
olpeneJyleHO umMcJioM C-paMOK JISa TIIPOHMKHOBEHMS Kak 16,4133:167,
UTO COoCTaBJIigeT OKOJIO 62% A-paMOK BHyTpM C-paMKM, ToI'la Kak
uymncJio C-paMOK OJd [IPOHMKHOBEHMSA COCTAaBRJIAET 4,5153=10, i 50%

C-paMok B D-pamke. COBOKYIIHOe uUmMcJO A-paMok B 2D-cucrTeMme

nosToMy cocraByasger 0,50x0,62=0,31, 4YTO MOXHO paccMaTpuUBaATE Kak
XOopollee CcOIJlacoOBaHMe C M3MEePeHHEM KOBOIUIIMeHTOM HedTeoTnauun
okoJIO 35% @OJsg BKCIEPMMEHTOB C HaTlHeTaHMeM ©0e3 CTUMYJIALUN
YyIapHBEIM HOaBJIEHVEM.

OUTYPH 22 ¥ 23 WUIRCTPUPYIT paclpelesieHre P 2200 maBiieHUA
no niamHe «L» 2300, cooTBeTCTBYHmMEV IJaMHe D-paMku, njJg D- u C-
PeXuMOB, COOTBETCTBeHHO. [HarJjieHue Pd [Japcu KoJIeOJeTCcsa MeXIy

OBYMA  Pas3JIMUHEIMK  pPeXrMaMir (D m C). D-Pexum (purypa 22)
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OpeICTaBJIAeT pPa3HOCTh IaBJjeHun Hapcu (DPD) no miamHe «L» D-
pPaMKy, KOTOpOe IIpeonojieBaeT BA3KOCTHEHE CWMJB M IIOOOEPXUBAET
TeUeHMe TeKydel cpelbl depes D-paMKy. OTO TedeHMe BA3KOM TeKyuden
Cpelb MNPpOABJIAETCAd B CTPYKTYypax BA3KOCTHEX H43BKOB B D-paMke.

Onua C-pamka (0ofOo03HaueHHas TOHKUMU BEPTUKAJILHEIMU JIMHUAMK) C

IJIMHOM A~18 MM WLIOCTpMpOBaHa B ¢urype 22, u DPD (HakjoH 2201)
Ha CTOPOHEe BHIIEe II0 IIOTOKY, ofecleuMBawmas TeueHMe IIPOHUKAIEN
Tekyuel cpene B C-paMkKy, gBJIgeTcsa MeHbmel, uyeM DPD (HaKJIOH
2202) Ha CTOPOHEe HMWXe II0 IIOTOKY, cCco3TaKmasd TeueHMe BLHTeCHSIeMOM
Tekyuel cpend 3 C-paMku. IpuumHa 2T0OT'O0 COCTOMT B TOM, UTO
VMeeTCsd pal3jiMuve B BA3KOCTM IIPOHMKAKIEV TeKyuel cpenbl (BOIH) U
BHITECHSAEMOM TekydelM cpeXn (OJMBKOBOTO Macja); TakuM obpas3oM,
BoJjiee BHCcokasa DPD TpebyeTcd OJ4 ToOOepXaHMd TeueHUI TeKyuen
Cpend BHTECHSIEMOW TeKydeM cpend uW3 C-pamku. HaxjgoH 2203
npencraBygeT DPD, HeoOXOOMMyIK IJIS BHTECHEeHMS KakK I[IpOoHMKAaKIeN,
Tak ¥ BHTECHSEeMOM TeKyuMux cpel BHYTpu C-paMku. Tak Kak
nocTynHass DPD mHOpeOBapMTeJILHO 3alaHa MOJA JaHHOM CckopocTu U

TeUeHMsa, ¥ HeodxomomMmo, uYuToOw DPD Owula OOJIblle, UYeM KalUJIJIApHOe

maBJleHrMe B C-paMKe, IJMHA «A» C-paMKM oTpaHuyeHa.

durypa 23 wumocTpupyeTrT C-pexum, 1rne DPD (HakjoH 2301)
NoamepXrBaeT TeueHMe I[pOoHMKawmeM TekyueM cpenn B 2 C-paMKy
(0B0O3HAUEHHY TOHKMMM BEPTUKAJLHEMY JIMHUAMM) , TOJIBKO TEIepb HET
TeueHNsa Tekyuel cpels n3 C-pamkyu, ¥ DPD (HakJjoH 2303) BHyTpu C-
paMKy OJiM3Ka K KaOWJJIApHOMY OaBJieHM Pc. KaOouwidpHoe IaBJIeHUE
(MM CONPOTUBRIIEHME) IMIpeloTBpalaeT TeueHMe IIPOHMKAKLIEN Tekyuel
Cpenb M3 OIHOM A-paMKM B cljledyomylo A-paMKy. DPD (HakJjioH 2303)
fymeT YBeJIUUMBATBECHA, IIOCKOJBKY IIPOHMKAaKIMasas TeKydad cpela Bce
eme npoTekaeT B C-paMKy, [IokKa KalOWuJIJISpHOe  COIIPOTHBJIIEHME
npeonojieBaeTcsa, ¥u C-pexmM BHEe3alHO CTAT'MBaeTCcsa B D-pexuM. 3STa
QIYKTyaumus  Mexmy D-pexMoM U C-peXrMOM  TIPOABJISAETCHA Kak
kKoJie®aHMsa @OaBJIeHMS, M BHe3alHHM KoJijlanc C-pexuMma OBJI Ha3BaH B
JIUTEepaType [4] JIOKaJIM30BaHHEMN VIMITYJIbE CaMM, JIaBMHaMM MM
CKaukamMm I'eMHca.

[[pOOOJIKUTEJIEHOCTE UM IMHAMUUECKHMEe XapaKTepUCTUKM CKaudkKOB

T'eMiHCa OTHOCATCS K BpeMeHHéMy IIapaMeTpy Pojled M K IMHaAMUUECKUM
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XapaKTepUuCTUKaM KalWuJJISPHOTO TedueHUd. Odurypa 24 WILIJIOCTPUPYET
CUTyaluioo, TI'IOe NpOoHMKawmas Tekydasd cpenma 2401 (nokazaHHas UYEepPHBM
IBETOM) IIpOHMKAeT B TIOPOBEM KaHajl 2402, 3aHATHM BHTECHSIEMOU
Tekyuder cpenmom 2403, cMauMBaKmey IIOPOBHEM KaHaJ. CWJE, KOTOPHEe
IOOJDKHEL OHITH [IPEeOnOJIEHEH], IpelcTaBJIgT cobom BA3KOCTHEE,
KaluJIJISPHEE ¥ TPaBUTAUMOHHEE CUJIH. [IpM OOIYUIeHUM, UYTO I[IOPOBHM
KaHaJ 2402 uMeeT KpyIJloe IoIlepeuHoe ceueHre 2403 C paIMyCOM «I»
U  IJMHOM «b» IOopoBOTO KaHaja, 2404, noJydaeTcsda YypaBHeHNe

KaHMﬂﬂHpHOﬂ IVHaMVMKI

Y
— = 2Ap — F —ma?2-—mG
dt(mu) ma‘Ap ma’ - —m

7
I'oe IIpMMEeHVM HBEIOTOHOBCKMM BaKOH IBMXeHMI. CHJla BS3KOCTHOIO

COIIPOTHURBIIEHNA
F = 8mnyzz + 8mug(b —z)z

" CHJIa MHepPplMM
d R .
@ (mu) = mr?py(Apzz + bz + Apz?),

MOTYT OHBTL BHpPaXeHH, Kak I[IoKas3aHo, TIOe Ug M Ui [OPpeOcTaBJISoT
BS3KOCTb BEITE€CHSIEeMOM un IIPOHMKaKImen Tekyuemn CcpenH,
COOTBETCTBEHHO, ¥ Ap=(p:=p4)/Pa C P4 " P; Kak CHUMBOJIAMU IJId
IJIOTHOCTY BHTECHSEMOM U IMIPOHMKAKIEN TeKyuel CpemH.

YpaBHeHUE KanuJIJISPpHOM OUHaMUKN/ ONMCHBAET SBOJIOINIO
[IOJIOKEHNA «Z» KalWJJISPHOTO MeHMCKa, Kak OHO IepeMellaeTcd uepes
IIOPOBEIM KaHall, U <«Z» U «z» OPpedcTaBJA0T IIepBYID U BTOPYD
IPOU3BOMOHEE IIO0 BPEMeHM IIOJIOXKEHMS «zZ». OITO YpaBHeHMe He MOXeT
OLITEL PEelleHO aHaJUTHUUeCKM, HO UMCJIeHHOe YypaBHeHUe

(Apz + 1)z + Apz? = Cn — 80h [Mzz + (1 — z)z] —Boz — 1
MOXeT DEITH ITIOJIYYEHO HOPMMPOBaHMEM I10 BpeMeHNM C BPEMEHHEM

rnapamMeTpoM Paies rﬁzwh%r3/y, U TIOJIOXKEHUS «zZ» C «r», ¥ TIIpu
MOMymeHnY, UYTo mJMHa «b» I[OPOBOTO KaHajla MOXeT OHTbH OlleHeHa
paBHOM pamMycy KaHajla, b=r. UMcCJIeHHOe 3HaueHMVe KalWJIJISPHOTO
yucija Cn=rAp/y OpencTaBJgeT COOTHOMEHVEe  MEeXIYy  Pas3HOCTBL

OaBJIEHUM U KRallMJIJIAPHEM IaBJIEHMEM Pc. BeBpaBMepHHe BeJIMUMHEL «Oh»

n «Bo» TImpencTaBjdeT umcyga OHeso0pTre, BoHOma, U M=ui/Ug. YUMCJIO
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OHesopre, [5] 3amaeTcsa kak

Ha

VYPar

Oh =

n uuciyo BoHna, [6] omnpeleiseTcsa kKak

(pi — pa)gr?
y

Bo =

YpaBHeHMEe MOXeT OBThL pPelleHO UMCJIEeHHO OJIS HEeKOTOPHX OaHHHX
fe3pa3MepPHEX BEeJIMUMH C HadaJlbHEMU ycJoBuaAMmu z=0 m z=0 npm t=0.
OmHako cCcJelyeT OTMEeTHUTL, UYTO [IPM DS2TOM HadaJIbHOM YCJIOBUMU
3HaueHrMe Cn »OoJDKHO OHTL 0OoJiblle, UYeM 3HaueHue, obecleuuBawlee

moBoe  IepeMelleHMe MeHMCKa. UMCJIeHHOe 3HadeHMe KalWJUJIAPHOTO
uycya Cn=rAp/Y CTaHOBUTCSH

rAp rpAU  rprU L
Y ky  kyCa

npyY IOOmymeHuu, uTo Ap NOpencTaBigeT IabBlleHre [lapcyu B C-pamMkKe C

mymHon A=r/Ca.

UMCJIEHHEIE MONEJIMPOBaHMA I[IOKa3aHE B ouIypax 25 m 26 C
IIOJIOXEHVEM «Z» KakK OQYHKUMEeM BpeMeHM «L», HOPMMPOBAHHOTO IIO
BpeMeHHOMY IapaMeTpy Psies, ¥ IJid »OBYX Pa3JIMUYHEIX BeJIMUMH
KamMJIJIApHOTO umcja Cn=2 u Cn=3, COOTEBETCTBEHHO. OJOTU UMCIJIeHHHE
MOIEJMPOBAHMSA BHIIOJHEHH C OJIMBKOBHM MAaCJIOM KakK BHETECHSIeMOM
TeKyuel Ccpemoy M BOIOM KaK IIPOHMKAaKIelM TeKyuel cpemol, KOTOpPHe
maioT Oh=1,33, Bo=-0,005 um 13=0,92 mMcek. I'paBUTalLMOHHAaS CHJa He
ABJISSETCA BaXHOM MOJIA IIepeMelleHMs uUepe3 IIOPOBHM KaHall, ¥ II03TOMY
30eChk WMITHOPMPOBAaHa. M3 UMCIEHHBEX Pe3yJbTAaTOB MOXHO BMIETH, UTO
BpeMsa, TpebyeMoe IJIAd IIepeMeleHra MeHMCKa (Z-IIOJIOXeHMA) uYepes
IIOPOBEM kKaHaJl (ToO eCcTb, IO IOOCTWXeHuS z=1) cocTaBJIgeT BeJMUMUHY,
IIPVMMEPHO  3—-KpPaTHYD (purypa 25) " 6-KpaTHY (purypa 26)
BpeMeHHOTO NapaMeTpa PzJjes miasg Cn=2 m 3, COOTBETCTBEHHO.

TakMe Xe UMCIIeHHBIE MOIEJIMPOBAHMSA BEIIOJHEHH B (urypax 27 u
28, TOJIBKO Ha OCHOBe (QM3MUECKUX IIapaMeTpoB HedTu  TUIIOR,
HaOJmooaeMex B MecTopoxmeHnMu Gullfaks, paclOJIOXKEHHEX B 00JlaCTU
Tampen B ceBepHoM uYacTu CeBepHoTro Mopsa (HopBermusa). PacueTH
OCHOBHBAJIMChL Ha BA3KocTuM Hedptn 0,033 Ila-cek, TIIOBEPXHOCTHOM

Haraxenun 0,013 H/M, ¥ paguyce IOPOBOTO KaHaja, OlLEeHEeHHOM
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cocTapJagaomyM okoJio 0,025 mm [7-8], @»maBas 3HaueHusa Oh=1,94 wu

7:=0,04 wmMcek. Kak MOXHO BUIETb U3 OouIryp 27 U 28, UNUCIIEHHHE
MOIEeJIMPOBAaHMA IIOKa3HBalT IIPOOOJIKUTEJIEHOCTE OKOJIO 4-9-KpaTHOTO
BpeMeHHOTO IapaMeTpa Pajes.

ST MOIeJIMPOBaHMA CBUIOETEJLCTBYIOT B IIOJIB3Y TOT'O, UTO
OVHaMUUeCKMe IpOoLLeCCH B A-paMKke IIPOUCXOLAT B MacuTade
BpeMeHHOTO IlapaMeTpa Pojesa. IlosTomMy Obwuio  OH  OJIaTONPUSATHBEM
IpUMeHeHMe CTUMYJIALUMM VYVIAPHBEIM IaBJIeHMeM BO BpPeMsS MHBAa3MOHHOM

IIepKOoJIAIVMM CO BpeMeHeM HapaCTaHMA »OaBJIeHMA IIOpAIKa BeJIMUYNVHEL

BpeMeHHOTO IMapameTpa Psajed. B sToM cjlyyae pasHOCTL IaBJjeHuin Ap,

MCIIOJIb3yeMad B UM CJIEHHOM 3HaUYeHUU KallUJIJIAPHOTO uuca,
cocTaByigeT Ap=Pi, 1Tme Pi mOpencTaBJgeT CTUMYJIALMO IaBJIeHVEM B
bopMe yImapHOTO mHaBJIeHMS. IlpMMeHeHMe oSTOoTOo Ap=Pi=2y/r, wIn

Ap=Pi=3y/r, @nmaer Cn=2 wuimu 3, KaK I[IpUMeHSeMOe B UMCJIEHHHX
MOOEeJIMPOBAHUAX, IIOKa3HBasdg, UYTO IaBJeHMe Japcu TeM CcaMbEM He
TpebyeTcsda @OJ4 IIOJYyUeHMSA KaOWJIJIAPHHEX HA3BKOB, Kak HabjomaeTcsa B
pesyJbTaTax, HalpuMep, B ourype 17. CiemoBaTesiIbHO, C-paMka
CTaHOBUTCSA TakKoM Xe ©OoJbIOM, Kak W-pamka (Kak BMUIHO B Qurype
17), ¥ OoIOMUCHBaeMOM CTUMYyJIALMeM YyIOapHEM »OaBJIeHMEM, IIPMBOOSA K
Ko20duMeHTy HedpTeoTmaum 0,62 (mam 62%) BMecTo 0,50%x0,62=0,31,
KoT'Ia nHaBJieHMe [Japcu HeOoOXOOMMO IJISA IIOJIYUEeHMS KaldWUJIJISAPHBX
A3HKOB. IlonToMy KO20IMLMeHT HedTeoTOHauM Pe3KO IIOBHMAETCH IIPpU

CTHMYJIALIMIM YIOapHBEM »OaBJIeHVeM OSTOI'O THUIla, TakKk KaK YCTpaHAgeTCHAd

KO2QOULUMEHT 0, 50. [ToJIyYeHHBM TeopeTHuuyeCKUn KO2QOULIMEHT
HedpTeoTmaum Ha YPOBHE 62% OJINB0K K DKCIIEPUMEHTAJIBEHO

HabjomaeMoMy KOo20QUUMeHTY HedTeoTIauM B 65%.

Nanee TnpuBeleHOo o0O00OmMeHMEe BapMaHTOB MCIIOJIHEHMA COTJIACHO
N300pEeTEeHU:

BapmaHT VICTIOJIHEHU A 1 OTIMCHIBAET crioco® V3BJIEUEHU A
YTUIEBOOOPOIHOM TeKyduel CcpenOsl M3 IIOPUCTOM Cpedbl HaTHeTaHUeM
TeKydel CpelH B IOPUCTYK Cpelly, BKINUAKMUM CTaOuM, B KOTOPHIX:

- omopenejydiT BpeMeHHOM HapaMeTp Pejled Ha OCHOBe ILJIOTHOCTHU
Tekydyer CcpenOsl ¥ YIJIEBOOOPOIOHOM  TeKyder cpenb, MeaMaHHOTO
ovaMeTpa IIoOp IOPMCTOM Cpelbl, ¥ IIOBEepPXHOCTHOTO HaTSKEeHUS MexIy

TeKydely Ccpemor M yTJIEBOOOPOIHOM TeKydel cpenomn;
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- MIPOM3BOOAT CTHUMYJIALMIO IaBJIeHMEeM B TeKyduel cpene, IIpUUeM
CTUMYJIALMIO IOaBJIEHMEM CO3IOaKnT C IIOMOIIBK IIPpOlleccCa COoylapeHMUSd IIpU
BpEMEHUM KOHTaKTUMPOBaHMA IIpM COyIOapeHuMr, KOTOopoe COCTaBJISAEeT
BeJIMUMHY B IMana3oHe 1-10-KpaTHOTO BpPeMeHHOTO IapaMeTpa Pnies,
Takyln Kak B IMala3oHe 1-3-KpaTHOTo BpeMeHHOTO IapameTpa Pniesd.

BapraHT MCIOJIHEHMS 2 ONUCHBAaEeT CIOCOO COIJIaCHO BapMaHTy
VICIIOJIHEeHMS 1, B KOTOPOM BpeMA KOHTAKTHUPOBAHMA IIpM COoyIapeHUHN
onpeneyigeTCcsad Ha OCHOBE& MacCCH, ILJIOTHOCTM, MOOYJA YIPYTOCTHU U
Ko3d@duiMeHTa  IlyaccoHa coymapARmUxcsa  OIpeIMeTOB B Ipoliecce
coymapeHMsi, ¥X OTHOCUTEJILHEX CKOpoCcTel, ¥ MOIOyJs oObeMHOM
VIPYTOCTU TekKyuel Ccpelbl M YIJIEBOOOPOIHOM TeKyuel CcpenH.

BapraHT WMCIIOJIHEHUSA 3 OIMCHBAaeT CIOCOO COIJIaCHO JIIOOMYy W13
BapMaHTOB MCIOJHeHMsa 1-2, »OONOJHUTEJLHO BKJIOUAKIMY CcTaouio, B
KOTOPOM oOOpenelidioT KaluJJIApHOe IaBJieHMe Ha OCHOBe MeIMaHHOTO
ovaMeTpa I[IOp B IIOPUCTOM cpele M IIOBEPXHOCTHOTO HATAXEHUS MexIy
Tekyudyel cpelo¥ ¥ YTIJIeBOOOPOIHOM TeKyuey cpeloM, U IOIpuUeM
CTUMYJIALIMA IOaBJIeHMeM BKJYaeT CTaluio, B KOTOPOW TeHepUPYIT
yIoapHOe @»OaBJIeHMe C aMIUIMTYOOM @»OaBJIeHMS UM BpeMeHeM HapacTaHUuHg,
COOTBETCTRYKIMMM  PAa3HOCTM  OaBJIeHUM B npenejiax MeOMaHHOT'O
ovaMeTpa I[IOop TIIOPUCTOM  CpenH, KOTOpasd COCTaBJIAEeT BeJIMUMHY
nopganka 1-5-KpaTHOTO KaOWJUJIAPHOTO HOaBJIEHMUA.

BapraHT MCIOJHeHMsa 4 ONUCHBaeT CIOCOD COoIJlaCHO JobOoMy U3
BapMaHTOBR MCIOJIHEHUS 1-3, B KOTOPOM IIPOllecC CcOoyOapeHMs BKJKUaeT
coyIoapeHre MexOy IIagalllM OIpeIMeTOM WM ILJIYHXepoM, I'Ie IOpeIMeT
¥MeeT Maccy B mmanaz3oHe 10-2000 kI, Takyo kKak B »OuamnasoHe 100-
1500 k1, Takyow kak B 1guamnaszoHe 500-1200 kI, ¥ OpelIMeTy »OaoT
najgaThk Ha IJIYHXEp C BHCOTH B OuamnazoHe 0,02-2,0 M, TakoM Kak B
nmnanasoHe 0,05-1,0 M, TakoM Kak B OuanaszoHe 0,1-0,5 M.

B To BpemMa Kak ObJIM OIMCAHE IIPENNOUYTUTEJLHEE BapMaHTH
OCYIMEeCTBJIEHNA M300peTeHMs, OOJDKHO OHTE I[OHATHO, YTO M300peTeHUe
STUM He OT'PaHM4YMBaeTCsa, UM MOT'YT OBTH CIOeJlaHe MoOudukauuy 06e3
BHIXOIla 3a NpeneJitl m3obpeTeHusa. 0O0acTy M300peTeHUd OIpeNelIgseTCH
IyHKTaMy OpujJaraeMoy IaTeHTHoM (opMyJiH, ¥ BCce YCTPOWMCTBA,
KOTOpPHE IIoNamaloT B OpeleJiEl CMBICJa I[IYHKTOB IIaTeHTHOM (QOpMYyJIH,
JIMOO OYKBAaJIbHO, JIMOO SKBUBAJIEHTHO, IIpennojaralTcid BKIIOUEeHHBMNM B

nsobpeTeHue.
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$OPMYJIA MBOEPETEHNA

1. Cmoocof wm3aBJeUeHMA YIJIEBOIOOPOOHOM TeKyudyeM cCcpenn us3
IIOPUCTOM Cpelbl HaTHeTaHMeM TeKydel CpeOe B I[IOPUCTYKR Ccpeny,
BRJIOUAINY CTaOuM, B KOTOPHX:

- OnpelejyigiT MeIOMaHHHY IMaMeTp IIOp IIOPUCTOM CPpeld;

- OIpeneJidlT BPeMeHHOM IHapaMeTp Pejled Ha OCHOBe ILJIOTHOCTU
TeKyuyel Ccpens U YIJIEBOOOPONHOM TekyuelM cCcpelb, MeOMaHHOTO
IVaMeTpa I[I0p IIOPUCTOM Cpelb, ¥ IIOBEPXHOCTHOTO HATIXKEHUS MEeXIy
TeKyuel cpemIol M YIJIEBOOOPOIHOM TeKyuel cpemom;

- IPOM3BOIAT CTUMYJIALMI HOaBJIeHMEeM B TeKyueM cpene, IIpUUeM
CTUMYJIAUVMID IaBJIEHMEM CO3ITalT C IIOMOIBK IIpollecca COyIapeHUsa IIpU
BpeMeHM HapacTaHMs KOHTAaKTHMPOBaHMA I[IpM COYIOapeHMM, KOTOopoe
COCTaBJIAEeT BeJMUMHY B OuanasoHe 1-100-KpaTHOTO BpeMeHHOTO
napaMeTpa Poies, TaKyIo Kak B oMarias3oHe 10-80-xpaTHOTO
BpeMeHHOTO TlapaMeTpa Pwnjed, WIM B IMana3oHe 1-10-xKpaTHOTO
BpeMeHHOTO IapaMeTpa Pajes, TaKyk KakK B OMalasoHe 1-3-KpaTHOTO
BpeMeHHOTO NapaMeTpa Paies.

2. Cnocof6 mno m.l, B KOTOPOM CTHMMYJIALVI IaBJIEHMEM CO30AKT
IPOLIeCCOM COyIOapeHMsa CO BpeMeHeM HapacTaHMg IaBJIeHUd, KOTopoe
COCTaBJIAeT BeJMUMHY B OuanazoHe 1-100-KpaTHOTO BpPeMeHHOTO
napaMeTpa Posjed, Takyl kKak B OMalas3oHe 1-3-KpaTHOT'O BPeMeHHOTO
lapaMeTpa Psied.

3. Cnoco® wm3BJeUueHMA YIJIEBOOOPOOHOM TeKyuel Ccpels U3
IIOPUCTOM Cpelbl HaTHeTaHreM TeKyduel CpeOdsl B IOPUCTYI Ccpeny,
BRJOUAKINVY CTaOuM, B KOTOPHX :

- OIpenesdlT MeOMaHHHY IMaMeTp IOP MIOPUCTOM CpemH;

- IPOMU3BOIAT CTUMYJALMI HOaBJIeHMEeM B TeKyueM cpene, IIpUUeM
CTUMYJIAIVMID IOaBJIEHMEeM CO3IOalT C IIOMOWEBK IIpollecca coyldapeHusd,

TeHepupyomero yoapHoe »OaBJIeHVe C aMIDIMTynou I HOaBJIEeHUS U
BpeMeHeM At HapacTaHMSa OaBJIeHUAd, TOe aMIUIMTyIOa  OaBJIeHUd

ABJIfeTCsa OCoJblled, uYeM oTHomeHmMe YycAt/a®, Dme «y» NOpencTaBigeT
MOBEPXHOCTHOE HATIKEeHMe MeXOy TeKyuell Ccpelor M YyIJIEBOIOOPOIHOM
TeKydel CpenoM, M «C» IpelcTaBJigdeT CKOPOCTh 3BYyKa B IIOPUCTOM
cpene.

4, Crnoco® mno JmodoMy M3 II.II1.1-2, IOIOJIHMTEJILHO BKJIOUAIIMM
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cramum criocoBa o II.3.
5. Cnoco6 no JjmwboMy M3 IIPemOleCTBYKRIMX IIYHKTOB, B KOTOPOM
CTUMYJIALMA IOaBJIeHMeM BKJUYaeT CTaIuilo, B KOTOPOWM T'eHepUPYIT

YOapHOEe OaBJIEHVE C aMHJTT/ITy,HOIZ TaBJIEHMA B IMallasOHEe BEJIMYMHE, B

1-5 pas BoJgbmey, uem ycAt/aZ, Tako¥ kak OoJsibmer B 1,5-3 paza.

6. Crnoco® 1no JoboMy M3 MPpellleCTBYIMX IIYHKTOB, B KOTOPOM
BpeMsa HapacCTaHMa KOHTaKTHUPOBaAHMUSA IIPM COyIapeHUM WM BpeMA
HapacTaHMsAa JaBJIEHMSA oOlIpenesigeTcad Ha OCHOBe MaCCH, ILJIOTHOCTH,
MOIYJIA YIIPYTOCTHU u KoO2dOULIMEeHT A IIyaccoHa COynap AKX CA
IpeIMeTOBR B Ipollecce COoyIapeHMs, UX OTHOCUTEJILHHX CKOpoCcTeM, U
MOOYJIS OOBEeMHOM YIPYTOCTHM TeKyuel cpemnb.

7. Cnioco6 mno JmoboMy M3 IPemOmecTBYHIMX I[IYHKTOB, B KOTOPOM
OOMH ¥ TOT Xe I[apaMeTp MCIOJb3YKRT -IJIS BpPeMeHM HapacCTaHusS
KOHTaKTUPOBaHUA IIPU COYIAPEHMM M BPEMeHM HapacCTaHMA ITaBJIEHUS

8. Crioco6 rio JInBoMy nus OpenmeCcTBRYRIMX IIYHKTOB,
IOOIIOJIHUTEJIbHO BKJIIOU AI0MMM cTanuo, B KOTOpOM ONpelnelIsnT
KanuJJIgpHOe »OaBJIeHMe Ha OCHOBe MeOMaHHOTO IMaMeTpa II0Op IIOPUCTOM
CpeIbl ¥ IIOBEPXHOCTHOTO HaTSKEeHMS MexOy TeKyuelr Cpemou u
YTUIEBOOOPOIHOM TeKyudelM CpenoN, U IIpUUYeM CTUMYJIALMS IaBJIeHUEM
BKJIIOUAET CTaauo, B KOTOPOM TeHepupylT yIapHoe IaBJIieHUe C
aMILUIMTYIOM IaBJIEHUMA UM BpeMeHeM HapacTaHMsa, COOTBEeTCTBYIIMIUMA
Pas3HOCTHM HaBJIeHUM MNopAaka 1-5-KpaTHOTO KalWuJIJIAPHOTO IaBJIeHUS IIO
IJIMHE, PaBHOM MeIMaHHOMY IMaMeTpy IIOp I[IOPUCTOM CPemH.

9. Crioco6 1o JInBoMy nus npenmeCcTBRYIMX IIYHKTOB,
OOIIOJIHUTEJILHO BKJIOUAKIUY CcTaouio, B KOTOPOM OoHIpenelidioT BpeMd
KOHTaKTUPOBaHMA TIIpM COyIdapeHMM B IIpOllecce coyOapeHus, U B
KOTOPOM BpeMsa HapacTaHUA KOHTaKTUPOBaHUA npu coynapeHUn
onpeleligeTcsa KaK IIPOlLEeHTHasd -OOJIA BpPeMeHM KOHTaKTUPOBAHMUSA IIPU
cCoyllapeHMM B IIpOlleCCe CoylapeHMHa, Takasd Kak B Omanaz3oHe 10-40%.

10. Cnoco6 mno JgoboMy U3 IIPeINeCTBYKRNMX IIYHKTOB, IO
MeOMaHHBEM OMaMeTp I[IOop I[IOPUMCTOM cCcpelh OoIpeneligioT C IIOMOMBLIo
PTYTHOV IIOpOMeTpHUM Ha ofpaslle IIOPUCTOM Cpeld.

11. Cnoco6 no JjgoboMy M3 NPeIIeCTBYIRIMX IIYyHKTOB, B KOTOPOM
[IpOoLleCC COoylapeHMa BKJUAeT COylapeHMe MexOy INalanlyM IIpelMeTOM

M IUIyHXepoM, T'IOe IIpelIMeT HuMeeT Maccy B nuanaszoHe 10-10000 xr,
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TakKyln kKak B ImamnaszsoHe 100-1500 xr, Takyon kKak B IOIuanas3oHe 500-
1200 k1, M mOpeIMeTy OaoT IIalaThb Ha I[UJIYHXEP C BHCOTH B OMalla30He
0,02-2,0 M, TakoM kak B 1OuamnazoHe 0,05-1,0 ™M, TakolM kak B
ouamnasoHe 0,1-0,5 M.

12. Crioco® 1o Jodomy nus3 OpennecTRYIMNUX IIYHKTOB,
OOTOJIHUTEJILHO BRJIOUAKINWY CTaauM, B KOTOPHX :

- pasMemamnT II0 MeHbLIIeM Mepe YacCcTUUHO 3BalloJIHEHHYID TeKyuen
Cpelo¥ KaMepy B COOOmMeHMM IO TeKyuel cpele C IIOPUCTOM Cpeloy IO
MeHbIIlel Mepe uepes OIMH TpyOONpOoBOm, IpMUeM KaMepa BKJoJYaeT
[IepPBYID U BTOPYH CTEHOUHYI UYacTh, IIOIBMXHHE IPYI OTHOCUTEJLHO
opyra,

- pas3MemanT OpeIMeT CHapyXM TeKyuel cpelb, U

- cozmamnT yIoapHoe oaBJjieHUe B Tekyuemn Cpeme OJIs
pacrpocTpaHeHusd B TIIOPUCTYID Ccpedy uepes TpyDOoONpoBOH, IpUUEM
yIoapHOe »IaBJieHMe TeHepUupyloT IIPpOolleCCoOM CcoyIapeHMsd, BKJIOUAIINMM
coymapeHMre MexOy yKa3aHHEM OIpelIMeTOM M IIepPBOM CTeHOUHOM uYacThio,
B pesyJbTaTe UYero IepBas CTeHOUHad UYacTb yIapdeT I[I0 TekyueHn
cpele BHYTPM KaMepH.

13. Cnoco® no n.l2, B KOTOPOM KaMepa BKJIKUaeT 30HY, B
KOTOPOM TI'a30BHE BKJIOUEHMSA e€CTEeCTBEHHEM 00pa3oM COoOMpaKnTCsa 0L
OeViCTBMEeM  I'PaBUTALMOHHEIX cu, u TPpyDBOIpPOBOL pa3MemeH B
YKa3aHHOW 30He WM BOJM3M Hee, U/WIM KaMepa pas3MemeHa TaKUM
ofBpasoM, UTO IepBas CTeHOUHas UYacTb, YyIapdomas I[I0 Tekyueln
Cperne, pacrnojaraeTcsd BHe 2TOM 3OHH.

14. Criocob 110 JodoMy nu3 npenumecTBYIMX IIYHKTOB,
OOIIOJIHUTEJILHO BKJIOUAKIMUY CTaguio, B KOTOPOM I'eHepUPYIT HECKOJBLKO
YKasaHHEIX IIPOLIeCCOB COyIapeHud C MHTepBaJlaMM BPEMeHM.

15. Cnoco6 mno mn.l4, rme yKas3aHHHE IIPOLECCH COyldapeHUd
TeHepUMpPYIT C MHTepBaJlaMM BpeMeHM B IManas3oHe 1-20 cexkyHO,
TaKMMM Kak B OuarnasoHe 4-10 cexyHI, TakKuMU KakK NPpUOJIU3UTEJBEHO 5
CeKyHI.

16. Crnoco® no JmbomMy M3 II.11.14-15, BRJIOUALINXMA CTaguio, B
KOTOpOM TeHepUPYIT IepByL IocJyleIoBaTeJIbHOCTD IIPOLIeCCOB
coymapeHMs C I[IepBOM HACTPOWMKOM aMILJIMTYIOH HOaBJIeHMS, BPEeMeHU
HapacTaHuA »OaBJIeHMS, M BpPEeMeHM MexXIy CcoyIapeHuAMM, 3a KOTOpou

cilenyeT BTOpaAd IIoCJjIiedOoBaATEeJIBHOCTE IIpoumeCCOB COyODapeHMA C VIHOM



60

HACTPOMKOM aMILIMTYIOH »OaBJIeHMs, BPEeMeHM HapacTaHusa IaBJIeHUud, U
BpeMeHU MexOy COyIapeHUSIMMN.

17. Cnoco6 1o 1mI.1l6, B KOTOPOM YKa3aHHYID HaCTPOUKY
AMILJIMTYIOH @OaBJIEHMS ¥ BpPEeMeHM HapacCTaHMsA BapbUPYIT W3MEeHeHMEM
MacCH IpelMeTa, U/WUIM M3MeHeHMeM CKOPOCTM IIpelMeTa OTHOCUTEJLHO
IIepPBOM CTEHOUHOM YacTU IIepel COoyIapeHMUeM.

[To moOBepeHHOCTH



516371EA

1/18

OXO.
HOOM

00,

HOON
ONO]

dur. 1A

O0X0.000

0.0.00I0.

®ur. 1B



2/18




3/18

201

110

1221

212

110,211

200 300
K3 )]

312




4/18

P, 400 402
1970 P—
160 | \

150" \

-
§ &

t, 401

o5 8 %58 83538885 K

36,828 38,828 40,828 42,828 44,828 4,715

dur. 4A



8% %8383

g

5/18

[~
%

402

s £, 401

LA e

; 35,106 35.126
LN 404
405 7

¥
35,156



G M

514

110,211

201

1 202

81/9



7/18

110,211
TN

801

dur. 6



8/18

OKCNEpUMEHTBI; y MpoHy- Hedre
A=CTaEI,E|apTHbI£7I cnocof; ggs:;b,nga (Ij:a':,is)mep UD lyaewmocts m;)éﬁﬂHr?: S::g,;:;:m mgiﬁzq&%oe (%¢Mcg§:::)
B=KpaTkoBpEMeHHbIE (M) no BoAe (Kw)i wmecre (wn) | (mkmicex) OFIMBKOBOTO
AaBreHus (MOapci) macna (OOIP))
1A 37.0 14.8/3.79 540 30.0 1.48 16.1 53.6

i8 37.3 14.8/3.7%9 | 540 29.9 148 19.4 64.9

ZA 197 10.0/3.705 | 134 15.8 1.55 8.3 52.5

2B 19.7 10.0/3.705 | 134 16.1 1.55 9.3 57.8

3A 370 14.8/3.79 540 30.0 14.8 16.2 54.0

38 37.0 14.8/3.79 | 540 30.6 30-40 20.7 67.6

4A 19.7 10.0/3.705 | 134 15.8 15.5 8.4 53.2

4B 19.7 10.0/3.705 | 134 16.1 15.5 9.9 61.5

dur. 7




9/18

800, 801

800, 801

®ur. 8A ®ur. 8B

200 — 208
208
200 —
800, 801
800, 801 201
211
902
212

dur. 9A



10/18

208 208

®ur. 10A ®ur. 10B

208




11/18

dur. 11 dur. 12

-~
-
e s -

dur. 13 dur. 14



12/18

dur. 16



1702

1703

1701

Retis

3

R,
zé:*# x

‘;g‘

1702

1703

1701




1703

1701

1702

IS

1703

1701




e
D

19

dur

mww &Mm

SR xn».&».«a.%&‘ &
Senlanne
e

SR

Soasiings

shasiaiad

i

S
7

et

g

ean R
S
SN
e
Sty
et

dur. 20



2200

16/18

2100

2100

2303
M
L, 2300 &> L
A A . 2300
dur. 22 dur. 23
]
o — 2403
2402



1.2

17/18

a= 0256 mm, Cn= 20

-4

0.8

0.6

0.4

0.2

1.2

dur. 25

a= 025mm, Cn = 30

35



18/18

0025 mm, Cn= 20

a=

dur. 28

1.2

T

i

¥
' i
X 1
: 1
H 3
' ]
: i
: i
: i
, 1
, 1
H 1
' ]
: i
H < 1
i o3 )
" i '
H = i
; i
H C :
: = [l
H m :
I m '
' ]
] W :
H m :
1 ) :
] ] :
; 1
! I '
¥ © N
: 1
: 1
: §
' I
I . :
: H
: i
: E
; 1
: - I
H ]
‘ i
: 1
; ¥
i L 1 L L { ; ] 1 |

- e} [} <t o~ (o] ~ - o © -« ~ o
< i @ < - o o o o
N



	Bibliographic data
	Abstract
	Description
	Claims
	Drawings

