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AHAJIMTUYECKUE METOAbI U TTPUBOPbI

«MennkKaH» — nepBbi POCCUNCKUNA
po60TU3NPOBaHHDbIA AuPpaKTOMETp
AN1S1 aHA/IN3a OCTATOYHbIX HANPS)KeHUN

T.M.MBaHoBa', A. B. Lenweneeny!, 1. B. CtenaHoe', 4. A. Amutpues', B. C. ApMyLIoB!

YK 681.2

AQ «/LL «BYypeBeCTHUK» — KpYTMHEeMLLIEee B POCCUM NPEANPUATUE NO NCCNEA0BAHMID, pa3paboTke

M NPOM3BOACTBY PEHTIEHOBCKOM annapatyphbl A5 NPOMbILLIEHHBIX M HAYYHbIX LIENER, SBAAETCA
A04epHer KoMnaHmen AK «AJTPOCA» (MAQ). Cpeam WMPOKOM IMHERKM NPOAYKLIAW OTAENLHOM
CTPOKOW B UCTOPMIO PA3BUTUA NPEANPUATAS BIUCAHLI PEHTTEHOBCKME AUPPAKTOMETPLI, CEPUNHBI
BbIMYyCK KOTOPbLIX HA4anCs 65 €T Haza U NPOAO/IKAETCA A0 CUX MOP. 32 3TO Bpems BbI10 3anyLLeHo
B 3KCMyaTaUmi 6onee NeCaTU ThiCAY AMPPaKTOMETPOB, YCMELLIHO 3apeKOMEeH0BaBLLIMX Cebs

KaK HaAEKHbIA aHATUTUYECKUIA MHCTPYMEHT A1 MATEPUAN0BEaYECKMX MCCTeA0BAHMA BO BCEX
M3BECTHbIX HAYHHO-0BPA30BaTENbHbIX LIeHTPAaX HALLer CTPaHbl, GeaepanbHbIX YHUBEPCUTETAX

N MHCTUTYTax PAH, @ TakoKe B roCKOpnopauUmsax «PocaTomM», «POCKOCMOC?, «POCTeX», B POCCUMCKMX
denepanbHLIX AAEPHLIX LEHTPAX, HA NpeanpuaTuax O6beUMHEHHON ABUraTeIbHOM KOPNopaLumu,
B KOMMAHMAX «HOPHUKe LY, «POCHe®TL?, PYCAJT M MHOMMX APYrX. B CTaTbe NpeacTaBneHa Hosas
pazpaboTka — NepBblin POCCUMCKIA POBOTU3MPOBAHHBIA ANPPAKTOMETP 415 aHANM3A OCTATOHHbIX
HaNPHKEHWA. OMUCaHbl NPUHLKMM PaBOoThbl, XapakKTEPUCTUKM, BOIMOXKHASA KOMMAEKTALMSA U Chepbl

NpUMeHeHKs npubopa.

KnroueBble C0BA: OCTATOYHOE HAaMpsAXeHWe, PEHTIeH0BCKas ANdpakLma,

POBOTU3MPOBAHHLIM AMBPAKTOMETP

PeHTreHOBCKas JUGPaKTOMETPHS B COYeTaHMH CO CIIelHa-
JIM3MPOBAHHBIM IIPOrPaMMHBIM obecIieueHHeM SBJISIeTCs
3¢ deKTHBHBIM METOL0M HePas3pyIlaloIlero KOHTPOJIs I
JOHArHOCTHKM M aHa/lM3a paclpeie/leHHs OCTaTOYHBIX
HaIIPSKeHUH B [IeTa/lax U MeTa/lJIOKOHCTPYKIHAX.

B 2025 rogy AO «HLI BypeBeCTHHUK» 3aBEePIIM/I YCIIELI-
HBIMH HCIIBITAHUSAMH Pa3paboTKy CIIeIa/Ik3H POBAHHOIO
IrdparTOMeTpa ISl Ollpefie/leH s OCTaTOYHBIX Hall paKe-
HHUH, II0JIYYHBLIEr0 Ha3BaHue «Ile/ITMKaH». JTO [IePBbII
POCCHHCKHE POOOTH3MPOBAHHBIN AUPPAKTOMETD, KOTO-
PbIH I103BONISIeT aHANM3KMPOBATh OCTaTOUYHbBIE HallpsKe-
HHUS B Pa3/IM4HbIX, B TOM YHC/Ie, TPYLHOLOCTYIIHBIX TOU-
Kax [T0BEPXHOCTH KPYIHOTabapUTHEIX 00BEKTOB. ANIIapaT
SIBJISIETCS BASKHBIM aHA/TMTHYECKHM HHCTPYMEHTOM B I1PO-
M3BOJICTBEHHOM KOHTPOJIe KadecTBa.

OCTaTOYHBIMH Ha3bIBAIOT HAIIPSDKEHH S, KOTOPBIe OCTa-
I0TCS ¥ YPaBHOBEIIHBAIOTCA BHYTPH TBeP/,0ro Tejla I1oc/e
yCTpaHeHHSs IPHUYHH, [TIePBOHAYA/IbHO BBI3BABIIHX HX
II0SIBJIeHHe, TO eCThb IIOC/Ie CHATHS BHeLIHeH Harpy3KH.

1 AO «Ul] «bypeBecTHHK», CaHKT TleTepGypr, PO,

OCTaTo4HbIE HATIPSREH KIS OCTAIOTCS B MI0O0H AeTa/IH IIOCTIe
ee obpaborku. Kpome TOro, OHH MOTYT BO3HHUKATh BCIE-
cTBHe $a30BEIX MIPeBPAlleHHIH, 00MyYeHHS YacTUIAMHU
BBICOKHX 3HEPTHI, HEONHOPOLHOIO HarpeBa M OXJIaK/e-
HUA U T. .

YacTo ocTaTO4YHbIE HAIPSKEeHKU OOCTUraoT 70-80%
Ipefiesia TEKY4eCTH MaTepHuajla, a MHOIAA ObIBAIOT elre
fonee BBICOKHMMH. B HEKOTOPBIX CIy4asix OHH OKa3bIBa-
I0TCS BeCbMa OIIACHBIMH /151 LIeJIOCTHOCTH AeTaslel, CBap-
HBIX COeAMHEHH I M KOHCTPYKIIME K MOT'YT IPHUBECTH K MX
Pa3pyLIeHHIO.

HanpstkeHus NPUBOIAT K H3MEHEHHAM AUPPAKTO-
IrpaMM, 4TO [103BOJISIET M3Y4aTh MX PEHTIEHOBCKHUMH
MEeTOAAMH, [IOCKO/IBKY ZJIMHA BOTHBI PEHTI€HOBCKOIO
H3/1ydeHHS TOro SKe [IOPSIKA, UTO K IIOCTOSIHHASL KPUCTA-
JTMYeCKOH pelleTKH, PeHTreHOAMGPAKIIMOHHBIN METOT,
OIpe/eeH s OCTATOUHBIX HAIPSDKEHHE OCHOBBIBAETCS
Ha TOM, 4TO yIpyras AeGopMaLus KPHUCTA/UIHUECKOH
PeIIeTKH H3MeHsIeT MEKILIOCKOCTHBIE PACCTOSHHUS U [IPH-
BOOUT K YITIOBOMY CABUTY JHUOPAKIIMOHHBIX IMHHUH, 0CO-
OeHHO 3aMeTHOMY B JaJIBHEYIIOBOM 00/IaCTH PEeHTIeHO-
IPaMMEL.
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Puc. 1.
nauncoud
HanpskeHul

g0y e

B peasbHBIX [eTa/ISIX HAIPSDKEHHOE COCTOSIHHE SIBTISI-
eTcst 00BEMHBIM, €0 MOKHO IIPeICTaBUTh B BH/E JIIHII-
coupa (puc. 1).

HamnpsskeHHOe cocTosiHue 06pasiia olpeensieTcs TpeMs
[JIaBHBIMH HOPMaJIbHBIMH HAIIPSDKEHUSIMH 0), 0, J;.
HampasineHue 0, eprieHAKUKY/ISIPHO [IOBEPXHOCTH 00pasa,
a 0, 1 0, AEUCTBYIOT B IUIOCKOCTH ofpasua. Hccienyemsle
06pasLpl He IOJBEPratoTCs BHEIIHHM BO3IEHCTBHSIM (HAIIpsl-
SKEHHSI SIB/ISIFOTCST OCTATOYHBIME), II03TOMY Ha IIOBEPXHOCTH
13 YCJIOBHE PaBHOBeCHS 03=0.

PeHTreHOBCKHE JIyYH IIPOHUKAIOT B 00pasel; Ha I1yOHHy
HOPSIZIKA IeCSITKa MUKPOMETPOB, TO eCTb Ha MJIYIO 9acTh
€ro TOJIIIKHEL, I03TOMY C AOCTATOYHOM TOUHOCTBIO MOKHO
CYUTATh, YTO B 9TOM TOHKOM IIPHIIOBEPXHOCTHOM C/10€ 03~ 0,
a HaIIPSDKEHHOE COCTOSIHEE OIIpefe/IIeTCsl CyMMOH ITTaBHBIX
HAMPSDKEHUH ) +0,, JIeACTBYIONIHX Ha [IOBEPXHOCTH.

PeHTreHOAMOPAKIIMOHHBIH Y3e (puc. 2) AndpaKkToOMe-
Tpa «[le/TMKaH» [103BOJIsIeT IPOBOAKTE H3MePEeH s B AHalla-
30He yr710B 26 0T 120 10 160°, uTo 0becrieurBaeT perucTpa-
LME0 AXPAKIMOHHBIX MAKCHMYMOB PA3/IMIHBIX META/LIOB
U CIVIaBOB B AQ/IbHEYITI0BOL 00acTH.

JU1Sl TUarHOCTHKY K AHA/TH33 HAITPSKEHMH He0OXOMHMO
OIpefeNnuTb U3MEHEHHS B KPHUCTA/IIMYECKOH PelIeTKe
B 00beMe HCC/IelyeMOro 00beKTa, AJ1s STOr0 peHTreHoqud-
PaKLIKOHHBIN y3e/ TpefyeTcs [I0BEPHYTh Ha +45° 0T HOp-
MaJIH K [I0BEPXHOCTH 00pa3Lia B ABYX [epIeHIHUKY/ISIPHBIX
HaIIpaB/leHuAx () UIn ¥.

NndpakToMeTp KOMIUIEKTYeTCS IMHEHHBIM II03UIIHOH-
HO-49yBCTBUTE/IBHBIM JAETEKTOPOM, 00eCIIeHBasi BBICOKYIO
CKOPOCTb M3MEPEeHUH ¢ H0NBIIOH LOCTOBEPHOCTHIO.

ANALYTICAL

THODS AND INSTRUMENT.

Puc. 2. PeHmzeHo0upakuuoHHbil y3en
ougppaxmomempa «[eauxaH»

KOHCTPYKIMS BKIOYAET MIeCTHOCEBOM IIPOMBIILIIEH-
HBIE POOOT K CHCTEMY JIa3ePHOH TPHAHTY/ISILIMK, KOTOPBIe
Je/IaloT BO3MOKHBEIM [TO3HLIHOHHPOBaHHE PeHTTeHOLH -
PaKIMOHHOIO Y3/1a C TOUHOCTBI0 10 0,02 MM, a abconoTHas
MIOTPelTHOCTb M3MePeHHUS YITIOBBIX MONOKeHHH Judpak-
LIMOHHBIX MaKCUMYyMOB He I1peBbiiaeT +0,05°.

KommnekTauud gudpakTomerpa «[leNTukaH» MOXKeT
BK/IIOYATh PEHTIeHOBCKHE TPYOKM C PAa3HBIMH MaTepH-
anamu aHofa. basosas - TpyOKa ¢ MeHBIM aHOZOM. 1o
SKeJIAHHIO 3aKa3HKa MOKHO YCTAaHOBU T TPYOKHU € KOOaIb-
TOBBIM, XDOMOBBIM, MOTHOIEHOBBIM U IPYTHIMHE aHOJAMH.
Habop peHTreHOBCKHX TPYOOK C Pa3IMUHBIMU AJHHAMHU
BOJIH H3/1y4eHUs 00ecrleunBaeT aHa/IN3 KM POKOrO CIIeK-
Tpa CIIaBOB K MaTePHAJIOB.

B cocraB gudpakromeTpa BXOAUT mKad yIIpaBIeHu s
Y BHEIIIHSS CHCTeMa OX/TKAEHHS PEHTTeHOBCKOM TPYOKH .
3amuTHBIN KabHHeT, OrpaKAAIMMKE pabouyio 061acTs,
BBIIIOZTHEH TakUM 00pa3om, 4To0bI yoepeus [IepcoHa OT
BO3/I€HCTBHUS PeHTTeHOBCKOrO M3/1ydeHHs. Ero KOHCTPYK-
LIMS COOTBETCTBYET BCEM CAHUTAPHBIM HOPMaM M IIPaBH-
nam PO, mpenpdBiIgeMeIM K JudparkTomeTpam. CucTeMa
0e30MacHOCTH MCKIIYaeT HeCAHKLIHOHUPOBAHHOE II0IIa-
JaHue dejIoBeKa BHYTPb BO BpeMs H3MepeHHH.

JudpakToMeTpP KOMILIEKTYeTCs BCTpoeHHbBIM 11K ¢ I1po-
rpamMMHbIM obecriedeHuem DifraVision, koTopoe yripassisteT

Puc. 3.
Mumepdelic
MO DifraVision,
i | 8 R paszpabomanHozo
AO «UL{ «bype-
e i I & 8ECMHUK»

Retuseen.
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Puc. 4. MHmepdelic 1O StressMaster

anmapaTtom 1 cobKpaeT AaHHbIe, IPeACTABIAIOIIe COOOH
PEHTreHOrpaMmy B LIHGPOBOM BHJIE, TO €CTh 3aBUCHMOCTb
CKOPOCTH CHeTa MMITY/IbCOB OT YIVIOBBIX ITOMIOSKEHHH B710Ka
IeTeKTUPOBAHHS U PEHTIeHOBCKOM TPYOKH ISt 33/IaHHBIX
B 9KCIIEPHMEHTe YITIOBBIX JHAIA30HOB (PHC. 3).

AHQJTH3 OCTATOUHBIX HANIPSKEHHUH BAOJb 33/[aHHBIX
HAIIPaBIeHHH, a TAkKe pacyeT [IOIHOr0 TeH30pa HaIpsi-
SKeHHU I BBITIONHSETCS IIPH [TOMOLIH IIPOrPaMMHOro 0be-
criedeHus StressMaster, pazpaborarnoro AQ «HILI «Bype-
BeCTHHK” (pHC. 4). B mporpammy BcTpoeHa 6a3a JaHHBIX
MaTepHaJIOB [JI aBTOMATH 1eCKOr0 BEIOOPA PA3/IHIHBIX
DEHTIeHOBCKHUX U YIIPYTHX KOHCTAHT, HCIIONb3YeMbIX
IIPK pacdeTe OCTATOYHBIX HAIIPSSKEHHH B YeThIPeX Pas-
HbIX IPUOTIDKEH UAX, B TOM YHCIe JIsT 33 lAHHBIX I10/Ib30-
BaTe/leM KpUcTalaorpabuyeckux HarpasiaeHun hkl,

3aBepiueHHe pa3paboTku PobOTH3HPOBAHHOTO OUb-
pakTomeTpa «I[IefTMKAH» I AHA/TK3a OCTATOYHBIX HATIPSI-
SKEHHH ~ 0U€Hb BasKHBIH 3TAIl B 0TedeCTBeHHOM IIPUHOpo-
CTpoeHHH. Ha PBIHOK BBIXOAHT BbICOKOTEXHOJIOIH YHBIH
HHCTPYMEHT, KOTOPBIX OyZeT BocTpe6OoBaH B MAIMHO-
CTPOEHMH, IIPOHU3BOACTBE ABHAJ[BUraTelek, ra3oBblX
Y I1aPOBBIX TYPOMH U APYTHX 0067aCTSIX IPOMBIILIEHHO-
CTH, rie pabodre IPOLIeCCH ITPelyCMaTPHBAIOT BO3HHUK-
HOBEHHE B H3/IeNIUIX OCTATOUHBIX HAIIPSKEHHH, KOTO-
pble CleflyeT KOHTPOMTHPOBATE.
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