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Eeceee B.C. K .up. 18 - 12286 
HccneaosaHHe c noMOWhJO oTpHuarenbHO aapsnKeHHbiX MIOOHOB 
MHHepaJibHOA HBCblmBHHOCTH KOCTHOA TKBHH qenoeeKB 

ao H nocne npoaon*HTenhHoA rHnOKHHe3HH 

BnepBhie npoeeae H "in vivo" aHanK3 aneMeHrHoro coc raea H H3MeHe

HHSI MHHepanhHOJi H8Cb!W9HHOC TH KOCTHOA TKBHH qenoaeKB npH rKilOKHHe3hH 

c noMOWhlO orpHuarenbHhiX MIOOHOB. XapaKrep HCTK"'ecxoe MeaopeurreHOBCKOe 

H3nytteHHe, HCilYCK8eMoe nocne OCTBHOBKH MIOOHOB B KOCTH, perHCTpHpOB8-

JlOCb C llOMOmbiO Ge(Li) - .Ue TeKTOpa 06beMOM 55 CM3. 3KcnepHMeHT 
npoee.ueH c 18 .uo6poeonbUBMH, nepeHeCWKMH 180-cyroqHoe cocTOHHHe Henoa 
BH>KHOCTH. noxanbH8H nornowe HHSSI ll038 fiB flSITO'-IHOfi KOCTH 38 epeMSI 3-
qacoeoro 3KCllOHHpOB8HHH ee HB MIOOHHOM nyqxe COCT8BKJl8 0,2..(),3 6ap, 
a .uoaa o6wero o6nyqeHKH or pacceHHHoro ¢oHa- He 6onee I M6ap. llnH 
KOHTpOnbHOii rpyllllbl HCil bJ T yeMblX , H e IlOUBepraBWHXCSI npo<f>KnBKTH1.f9CKHM 

MepOIIpHHTHHM, Ha6nJOaaeTcH H3 Me HeHHe CO.UeplKBHHR ¢oc¢opa K KBnbUKH 
caMoe 6onbwee e.ueoe, a .unH rpynn, noaeeprwnxcH npo¢unaKreqecKHM 
MeponpHHTHHM (¢K3KqeCKKe Tp e HKpOBKK, MH03neKTpOCTHMynHUKH, BO.!lHO

COneBbiB .U068BKH K paUKOHy), K3MeHeHHH 3H8qKTeJlbHO MeHbWe, 3aperH
CTpKpOB8H8 KOppenHUHH MBlK.!lY K3MeHeHHBM MKHepaJibHOI! H8CblmeHHOCTK 
K ee HCXO.!lHbiM ypOBHBM. 

Pa6ora BhmonHeHa e lla6oparop11H Sit:~epHbiX rrpo6neM OYI HYI. 
Coo6meHee 06he.!lHHeHHoro KHcreryra R.llepHbiX eccne.uoeaHell, lly6Ha 1979 

E vseev V.S. e t a l. 18 - 12286 

Investigation of Mineral Saturation of the Human 
Bone by means of Negative Charged Muons 

before and after Continuous Immobility 

The analysis of elemental composition and mineral saturation 
changes in the human bone has been carried out for the first 
time "in vivo" with the muonic X -ray spectroscopy techniques, 
Characteristical muonic X -ray ejected after muon stopping in 
a bone was detected by a Ge(LI) detector 5'5 cm8 in volume, 
The experiment was performed with 18 investigated men-volunteers 
who enduced 180 day im"nobility state. The local engrossed dose 
in a heel bone during the 3 h exposition in the muonic beam 
constituted 0,2-0,3 mrem, and the total irradiation by the diffused 
background v.as not more than 1 mrem: For the control group 
being not exposed to preventive measures, the change in the 
content of phosphorus and calcium 1 was as much as twice, but 
in the groups undergoing preventive measures (physical training, 
rnioelectrostimulatioi'i, water-salt additions to the ration) changes 
are considerably less. The correlation between the changes in 
mineral saturation and its initial level has been registered. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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llpe,llCTaBneHHJI 0 clJyHKI.(HOHanLHOH 6H.OXHMHH KOCTHOH TKaHH 

,llO HaCTOJlll(ero BpeMeHH He llOllY'IHllH ,llOCTaTO'IHOrO pa3BHTHJI. 

0JlHOH H3 npH'IHH 3TOrO JIBlllleTCll OTCYTCTBHe a,lleKBaTHLIX MeTO,llOB 

HCCne,llOBaHHJI. JlHWL TOllLKO llpHMeHeHHe pa,llHOaKTHBHLIX H30TODOB 

H H3y'leHHe CKOpOCTH HX BHe,llpeHHJI B KOCTHYID TKaHL ll03BOllHllO 

c,llenaTL war snepe,ll B noHHMaHHH npoueccos o6MeHa semecTB 

H clJopMHpOBaHHll KOCTHOH CTpyKTypbl. TeM He MeHee BllHJIHHe 

uenoro px,lla clJaxToB Ha npouecc MHHepanx3aUHH KOCTH eme He 

H3y'leHO B ,llOCTaTO'IHOH CTelleHH. B CBJI3H C OCBOeHHeM 'lellOBeKOM 

KOCMH'IeCKOrO npOCTpaHCTBa HCClle,llOBaHHe MHHepanLHOH HaCblll(eH

HOCTH KOCTH npH06peno OC06yro aiHyanLHOCTL. 

BHa'lane npH H3y'leHHH 3Toro sonpoca nony'IHn pacnpocTpaHeHHe 

MeTO,ll ,lleHCHTOMeTpHH peHTreHorpaMM. 0)lHaKO B CHllY HeMOHO

XpOMaTH'IHOCTH peHTreHOBCKOrO H3lly'leHHJI H nornoll(eHHJI ero 

MllrXHMH TIC&HJIMB TO'IHOCTL 3TOrO MeTO,lla 6blna BeCLMa HH3KOH/ ll. 

6onee TO'IHLIM OJCa3&llCJI MeTO,ll clJoTOHHOH a6cop6l(BH / 2 ~ OCHOB&H

HLIH Ha H3MepeHBH DOrllOll(eHHJI KOCTLID MOHOXpOMaTH'IeCXOrO raM

M&-B3lly'leHBJI B30Tona HO.IJ.a. 0.D.Haxo xax peHTreHoMeTpHI, Tax 

B clJoTOHH&Jl a6cop6UBOMeTpHll OCHOBaHLI ifa B3MepeHBB npOHBll&eMoC

TB ICOCTHOI TIC&HB .IJ.llll 3lleiCTpOMarHHTHOrO B3lly'leHHJI H ll03TOMY 

JIBlUio ICOCBeBHWM o6p&30M X&paxTepB3YIDT CO.D.eplK&HHe clJocclJopa 

B IC&llJ•llBll B ICOCTB. 

B DOClle,lJ.HBe rO.D.LI 6LillB npe.IJ.DpHHJITLI DODLITKH BCDOllb30B&HHJI 

OTPHll&TellLHO 3&plllKeHHLIX MIDOHOB .IJ.llll Uene:ii 3lleMeHTHOrO aHanH-

3& 6uonorx'lecxxx o6'LeXTOB. B pa6oTax'31TaKHM MeTO.IJ.OM xc

cne,llosanc• XBMB'IeCKHB COCT&B o6p&3ll0B p&3llH'IHLIX TKaHeH lKBBOT-
/ 4 / 

HLIX H 'lenosexa, BLI.D.eneHHLIX H3 opraHH3Ma. BnepBLie B pa6oTe 

Ha6mo.D.anc• cnexTp xapaxTepHoro Mro-Me3opeHTreHoscxoro H3ny-

'leHHJI, B03HHKAIDUUIH llpH OCT&HOBKe MIDOHOB B opraHH3Me lKHBLIX 
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6em>~x Kpwc, u Bblnonueuo uccne.nosauue H3Meueuuii: B XHMH'ieCKOM 

COCTaBe TKaHeii: /no 10 3neMeHTaM/, Bbl3BaHHWX Tpexue.nenbHWM 

npe6wsaHHeM )KHBOTHWX Ha ,IJ;BYX BCKYCCTBeHHWX cnyTHHKaX 3eMnH: 

"KocMoc-605" u "KocMoc-690" . 3Ta pa6oTa RBHnac& sa)KHblM 

3TanoM B no,IJ;rOTOBKe 3KCnepHMeHTOB no H3y'ieHHIO 3neMeHTHOrO 

cocTasa opraHH3Ma )KBBOro qenoseKa. 

Hccne.nosauue npose.neuo c 18 .no6poson&uaMH - 3,IJ;oposb1MH 

MY)K'iHHaMH B B03pacTe 327 37 neT . Ka)f(,IJ;blH H3 HHX B Te'ieHHe 182 

cyToK co.nep)f(ancR B ycnoBHRX cTpororo n ocTen&uoro pe)KHMa. 

)J;JIR HMHTaUHH OT,IJ;enbHWX 3qxpeKTOB HeBeCOMOCTH C03,IJ;asanCR He-

6onbWOH /4°/ HaKnOH KpOBaTH B CTOpOHY ronOBbl. 

Bee ucnwTyeMwe 6blJIH pa3.neneubl ua TPH rpynnw. llepsaR 

rpynna 6wna KOHTpon&uoii: - ee qneuw uaxo.nunuc& B ycnoBHRX 

noCTeJibHOrO pe)f(HMa 6e 3 KaKHX- nu60 npo!llunaKTH'ieCKHX MeponpHR

TH:ii:. My)f('iHHbl BTopoii: rpynnhl co.nep)f(anuc& B auanorH'iHblX ycno

BHJIX, HO BblnOnHRJIH KOMnneKC ·npo!llunaKTH'ieCKHX M eponpHRTHH . 

B 3TOT KOMnneKc sxo.nunu: !llu3H'iecKaR TpeuuposKa /2 qaca B cyTKH 

C 3Hepro3aTpaTaMH 300-350 KKall/"1/ , MH03neKTpOCTHMynRUHR, 

nepe.n OKOH'iauueM nocTeJI&uoro pe)f(HMa - TpeuuposKa c npuno)f(e

HHeM O)J;HT /OTPHUaTenhHOrO .nasneHHR Ha HIDKHIOIO 'iaCTb TeJia/ 

H BO,IJ;HO- COneBble ,IJ;06aBKB K paUHOHY . llpo!llHJiaKTH'ieCKHH KOMnJieKC 

y ucnwTyeMwx TpeT&eii: rpynnw cocToRn B3 q,u 3H'ieCKHX ynpa)f(He

uuii:, o6'beM KOTOpblx ue npeswwan 35* OT q,u3H'ieCKOH uarpy3KH 

'iJieHOB BTOpOH rpynnbl . 

Bw6op nJITO'iHOH KOCTH B Ka'ieCTBe 06'beKTa HCCne,IJ;OBaHHR 6wn 

o6ycnosneu roMoreuuocTbiO ee CTPYKTypw, .nocTynuocT &IO .nnR 
B3Mepeuuii:. KpoMe Toro, ua 3TO:ii: KOCTH y)f(e 6blnu npose.neuw 

HCCne,IJ;OBaHHJI C UOMOIUbiO MeTO,IJ;OB, OCHOBaHHWX Ha nornOIUeHBB 

KBaHTOB 3JieKTpOMarHBTHOrO H3ny'leHHR; 3TH HCCne,IJ;OBaHBR yKa3bl" 

BanB Ha CHIDKeHBe MHHepanbHOH HaCbliUeHHOqTB npH ,IJ;eHCTBBB rHUO-

KBHe3BB BnB HeBeCOMOCTB 
1 2 •5- S / . • 

Cornacuo cospeMeHHWM npe.ncTar neHHRM MHHepan&HaJI KOM-

noueuTa KOCTHOH TKa1fB npe,IJ;CTaBJIReT B3 Ce6JI CJIOH MBKpOKpBCTaJI

JIOB MBHepana oKcuanaTuTa, co.nep)KaiUero !lloc!llop u Kan&uuii:. 

Muuepan&HaJI B OpraHB'ieCKaR KOMnOHeHTW KOCTHOH TKaHB npe,IJ;CTaB

nRIOT B HeKOTOpOM CMWCJie MeXaHB'ieCKYIO CMeCb. 3TO 06CTOJITen&· 

CTBO Ba)f(HO BMeTb B BB,IJ;y npu BHTepnpeTaUHH ,IJ;aHHblX, nony'leHHblX 

C nOMOIUbiO MIO"Me30HOB. )J;eno B TOM, 'ITO B CaMOM OfiiUeM BH,IJ;e 

3aKOHOMepHOCTB aTOMHOrO 3aXBaTa OTPHUaTeJibHWX MIOOHOB pa3JIH'l " 
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BWMB aTOM&MB B CJIO)KBOM XBMB'IeCKOM COe,IJ;BHeHBB eiUe TOJIJ.ICO 

sw.asn.ai0Tci' 10! B TO liCe spews B3BeCTBO, 'ITO s wexauU'IecKux 

cwec.ax aTowos uoca,IJ;JCa wJOOaa ua op6BTY soKpyr aTowa Toro 

BJIH uuoro 3neweuTa s uepsow upu6JIBlKeBBu upouopuuouanJ.ua 

'IBCJIY aTowos s :nux cwec.ax. llo3Towy s wexaua'leCKBX cwec.ax, 

perucTpupy.w xapaKTepuoe we3opeuTreuoscKoe B3JIY'Ieuue, cooT

seTCTBYIOIUee pa3JIB'IHWM &TOM&M, Ml>i MOlKeM DOJiaraTJ., 'ITO BBTeB· 

cusuocTJ. cueKTpa B3Jiy'leuu.a KalK,Aoro aTowa upouopuuouanJ.ua 

'IBCJIY 3TBX aTOMOB B CMeCB. 

CTporo rosop.a, C DOMOIUJ.IO MIOOBOB Ml>i DOJIY'I&eM BHcllopM~BIO 

0 Bepo.aTHOCTB 3&XB&T& MIOOH& pa3JIB'IBWMB &TOM&MB, a He 06 

OTBOCBTeJIJ.HOM ICOJIB'IeCTBe 3TBX &TOMOB • . O,IJ;H&KO ,IJ;JI.a cpaBHBTeJIJ.· 

BOrO &HaJIB3& · B3MeBeBB.B MBHepaJIJ.BOi HaCWIUeHHOCTB ICOCTHOi 

TKaHH y pa3uwx JIIO,IJ;ei .AO a nocne 3KcnepuweuTa 3TO uecYIUeCTBeu

uo. )J.JIJI TOrO, 'IT06W B&iTB IC03qxpBUBeHTW, CB.a3WBaiOIUBe BBTeu

CBBHOCTJ. Me30peHTreHOBCKOrO B3Jiy'leHB.a C ICOJIB'IeCTBOM COOTBeT· 

CTBYIOIUBX eMy &TOMOB ueo6XO,IJ;BMO B ,II;aJIJ.HeBWeM DpOBeCTB Ba 

o6pa3UaX KOCTBOB TKaHB cpaBHBTeJIJ.HWi 3JieMeHTHWB &HaJIB3 -

C DOMOIUJ.IO MIOOHOB B K&KOrO·JIB60 B3BeCTHOrO XBMB'IeCKOrO BJIB 

!llu3aKo-xBMB'IeCKoro weTo,IJ;a. 

H3MepeHBJI MIO"Me3opeBTreHOBCKBX cneKTpOB npu OCT&BOBKe 

MIOOBOB B ry6'1&TOB 'I&CTB nJITO'IBOB KOCTB 'lenoBeKa DpOBO,IJ;BJIBCb 

ua ,IJ;BarHOCTB'IeCKOM MIOOBBOM DY'IKe CBBXPOUBKJIOTPOBa Jla6opaTO" 

puu R,IJ;epuwx npo6new OHJIH. )J.n.a npose,IJ;eup.a uccne.nosauuR 6wna 

pa3pa6oTaua u nocTpoeua cneuuanJ.uaa cTaJIJ.HaJI Kawepa c suyT

peHHHM UOMeiUeHHeM UJIOIU&,II;J.IO 2 X 3 M
2

H BWCOTO:i: 1,8 M. Kawepa 

HMeeT ,IJ;BO:i:HWe CTeHKH, UpOMelKyTOK Me)K,IJ;y KOTOpWMH 3anonHeH 

BO,IJ;OH ,IJ;n.K yMeH&WeHB.K ,IJ;031>1 ueiiTpOHHOrO !lloua OT ycKOpBTeJIJI. 

HanH'IHe .nso:i:uoii: weTaJIJIB'IecKo:i: 3a1UBTW npaK'i'H'ieCKH CBO.AHT 

K HYJIIO ypoBeHb 3JieKTpOMarHHTHWX UOMeX BHYTPH Kawepw, 'ITO 

06Jier'laeT pa60TY 3JieKTpOHBKB noJiyUpOBO,IJ;HHKOBOrO ,IJ;eTeKTOpa 

Me3opeHTreHOBCKOrO B3ny'leHH.B. 

lly'IOK MIOOHOB C 3Heprueii: OKOJIO 30 M3B !llopMHpOBaJIC.K 

B Me30HHOM KaHane H 'lepe3 OTBepCTHe B CTeHe KaMepW noCTynaJI 

ua ycTpO:i:CTBO ,IJ;n.B o6ecne'leHH.B OCTaHOBOK MIOOHOB B UeHTpanbHOH 

'laCTH n.aTO'IHO:i: KOCTH nesoii cTonw 'lenoseKa I puc. 1/. 

MIOOHW, npOXO,IJ;.B 'lepe3 ,IJ;Ba MOHHTOPHWX CUHHTHJIJI.BUHOHHWX 

C'ieT'IHKa /1, 2/, 'lepe3 KOnJIBMaTOp /3/ C BKJia,IJ;WWaMH /4/, 6noK 

nepeMeHHOB TOniUBHW H3 nOJIBCTHpOJI& /5/ /r,IJ;e OHH Tep.BIOT 3Hep-
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Puc.l. CxeMa pqcnoAoxeHuJI annapamypbl u cmonbl Ha MKJO.HHOM 
ny'lKe /aepmuKaAbHaJI nAoCKOCIIIb, npoxoOJIIJiaJI 'lepe3 QCb ny'lKQ/. 

\ :' .. J • 

~-1 

THJO/ ft . TO.HKHH C'leT'IHK /6/, OCTaHaBJJHBaJOTCR B 06'heMe ·/12/ 

IJ;JlTO,'IHOii:, KOCTH /11/. JiyTeM HJMeHCHHR TOJJI.QHHhl DOJJHGTHpOJJOBOTO 

6noxa /5/ 3HeprHR MJOOHOB nocne 6noxa no.a6upanacJ. TaKHM 

o6pa30M, 'IT06hl. MJOOHhl OCTaHaBJJHBaJJHCb B ~CH1'pe DRTQ'IHOH 

KOCTH. · IIOCKOJlbKY pa36poc npo6e;roB MJOOHOB C · 3Heprueil 30 M3B 
COCTaBJJRCT OKOJJO 2 z/cM 2 l lljwapHHa KpHBOH OCTaHOBOK Ha DOJJO· 

BHHC BbiCOThl/, a TOJlll.IHHa DRTO'IHOH KOCTH /no DY'IKy/-4,5-:-5,0 z/cM2, 

6onee 95% BCeX OCTaHOBOK MJOOHOB DpHXOJlHJJOCh- Ha JlOJJJO ry6'1aTOH 

BHyTpeHHeH 'laCTH DRTO'IHOH KOCTH. 

I · ~''l 

Puc.2. OIIHoculleAbHoe pacnoAoxeHue c•onbl u Ce (Li) - Oe11eK111opa 
/aepiiUKQAbHQJI nAOCKOCIIb, nepneHOUKYAJipHaJI OCU ny'lKa/. 
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,l(aaweTp axna~wwa xonnawaTopa /4/ aw6apanc.a Taxaw o6pa-

30M, 'IT06W DY'IOK He BWXO~HJI Ja Dpe~eJJW ry6'1aTOii: 'laCTB DATO'f· 

uoii: xocTB /ecna cwoTpeTJ. B~Onh ny'lxa/. Ha puc. 2 noxaJauo 

OTHOCBTeJJJ.HOe paCDOJJOlKeHae DATO'IHOB KOCTB, Ce'leHBa DY'IKa 

/a wu:cawywe xpaaol ocTauoaox/ a Oe ( Li) - ~eTexTopa. Bee 

aJwepeaaa npoBOABnBCh npa ~aaweTpe xonnawaTopa 28 MM /An• 
xouTpon.a Tal()l(e 6wno awnonaeuo BJN:epeuae c xonnawaTopow 

A&aN:eTpON: 32 MM/. Pacnpe~eneuae BHTeHCBBHOCTB DO ~BaN:eTpy 

DY'IKa B MaKCBMYN:e KpBBOB OCTaHOBOK DOKaJaHO Ha puc. 3. 

Jipo~e~ypa COBMei.QeHBA ~eHTpa DATO'IHOB KOCTB C ~eHTpON: 

ny'lxa 6wna cne~yJOI.Qeii:. KaliC~OMY acnwTyeMOMY ~enana "1o1.arxaii" 

peHTTeHOBCKBB CHBMOK neBOH CTODW, KOTOpWii: BWpeJanCA DO HapylK

HOMY KOHTypy MATKOB TKaHH H KODHpOBa.JJCA Ha nBCT 6y1o1ara. 

Ilepe~ HJN:epeuaelol cTona acnwTyeYoro pacnonaranacJ. ua~ xonaeii 

peHTreHOBCKOTO CHHMKa H HaKpWBaJJaCh CBepxy BWDpAMJJeHHWM 

B ropH30HTaJJJ.HOB DJJOCKOCTH peHTreHOBCKBM CHHMKOM, BMeJOI.QBM 

OTBepCTHe ~BaloleTpOM 1 MM B ~eHTpe B306palKeHBA DATO'IHOB 

KOCTB. Jiocne COBlolei.QeHHA KOHTYPOB peHTreHOBCKOTO CHHN:Ka, ero 

KODHH H auaTOMH'IeCKHX 3JJeloleHTOB CTODW HCDWTyeloiOTO OTBepCTHe 

B peHTreHOBCKOM CHHMKe npoe~HpOBaJJOCh Ha Me~HaJJJ.HYJO DOBepX

HOCTh CTODW, H J~eCJ. CTaBHJJaCJ. MeTKa. MuoroxpaTHOe DOBTOpeaae 

3TOB Dpo~e~ypw /oua DpOH3BO~HJJaCh CO BCeMH HCDWTyeMWN:H 

OJlHHM H TeM liCe JJH~OM/ DOKaJaJJO, 'ITO OWH6Ka B npoe~HpOBaHHH 

~eHTpa DATO'IHOB KOCTH Ha DOBepXHOCTh CTODW He DpeawwaeT 

171,5 MM. 

I 
omH.ea. 

Puc.3. PacnpeoeAeHue UHIIeHcua ·
Hocmu MKJOHoa no ouaMellpy ny'lKa. 

/9 ·-
f39_H_H __ 

I 
I 
I 
I 

10 20 30 40 50 60 70 80 
E,MM 
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Puc.4. PacnoAoxeHue KoHe'IHoc•u Ha MK>OHHOM ny'IKe. 

CTona ycTaHaBJIBBanacb B HylKIIoe noJIO)I(eHBe B nnocKoCTB, 

nepneHABKYJIRpBOB OCB nyqKa, nyTeM COBMemeHBR MeTKB Ha DO 

BepXHOCTB CTODhl C nepeKpeCTBeM HBTeB, yKa3hiBaiOmHM UeHTp 

nyqKa. 3Ta npoue.z:typa TaK)I(e BhiDOJII£RJiaCb OAHBM B TeM )l(e yqacT

HHKOM 3KcnepHMeHTa. CyMMapaag HeToqaocTb o6eBx ycTaaosoqawx 

npoue.z:typ He npeswwana 2 MM. 

llOJIO)I(eHBe KOHeqHOCTB BCDhiTyeMOrO Ha nyqKe ycTaHaBJIHBa

JIOCb C DOMOlUbiO DOABB)I(HOrO JIO)I(eMeHTa C peMeHHhiMB <ilBKCaTopa

MB B DOACTaBKB B3 neHODJiaCTa /CM. puc. 4/. \leJIOBeK pa3MelUaJICR 

B Kpecne C <ilBKCBPYIOmHM JieByiO HOry ycTpOBCTBOM. llpaBaR BOra 

6wna CB060.z:tHOB. P RAOM pacnonaranacb CTOBKa C 3JieKTpOHBKOB 

AeTeKTOpa B TeJieBB3BOHHaR nepe.z:taJOlUaR KaMepa, nocpe.z:tCTBOM 

8 

KOTOPOB DpOBOABJIOCb HenpephiBHOe aa6JIIO.z:teHBe KaK 3a CaMBM 

BCDhiTyeMhiM, TaK H jc DOMOlllbiO 3epKaJia/ 3a DOJIO)I(eHBeM ero 

CTODhl Ha ny~e. Bo BpeMR B3MepeBBB C HCDhiTyeMhiM DOA.z:teplKIIBa

JiaCb HenpephiBHaR ABYCTOpOHHRR CB.K3b. 

BeHTBJI.KUH.K KaMephl OCYmeCTBJIRJiaCb qepe3 PRA OTBepCTHB 

B cTeHax KaMepw nyTeM ee DOAKJIIOqeHBR qepe3 cneuHaJibHhla 

naTpy60K K BhiTRlKIIOB BeHTBJIRUHOHHOB CHCTeMe KOpnyca CBHXpo-

UKJIOTpOBa Jla6opaTopaH .a.z:tepawx npo6neM OHJIH. TeMnepaTypa 

B Kawepe DOAAeplKIIBaJiaCb B npe.z:teJiaX 25 727'C.llpB CKOpOCTH 

OCTaBOBOJC MIOOBOB OKOJIO 103c -l OABH ceaHC B3MepeHHR Me30-

peHTreBOBCKOrO CDeKTpa DPOAOJI)I(aJICR . OKOJIO Tpex qacOB. C no

MOlUbiO 3JieKTpOHBKB BhiAeJI.KJIC.K BO BpeMeHB MOMeHT OCTaHOBKB 

K~OrO MIOOBa, B CBrBaJI B3 Ge (Li) - .z:teTeKTOpa perBCTpBpOBaJI

C.K B pe)I(HMe BpeMeBHhiX COBna.z:teHHB C CBrHaJiqM OCTaHOBKB. 

HH<ilopMaUBR ' o Me3opeaTreaoBCKOM cneKTpe perBcTpBposanacb 

B pe)I(HMe on-line C DOMOlllbiO 3BM HP 2116C. TBnBqHJ.IB Me3o

peHTreHOBCKBB CDeKTp DOKa3aH Ha puc. 5. 
3a speMR OAHoro ceaaca B3MepeHBR noKaJibHaR nornomeaHaR 

A03a Ha DRToqaoA KOCTB He npeswwana 0,27 0,3 63p, a A03a 

o6mero o6nyqeBB.a OT pacceRHHoro 4loaa 6wna ae 6onee 1 M63p . 
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Puc.S. CneK•P MeaopeH•zeHoecKozo uaAy'leHUJI npu oc•aHoeKe 
MJOOHoe e zy6'1a•ou 'lac•u n.R•o'IHou Koc•u 'leAoeeKa /no ocu 
a6CijUCC - HOMep KaHaAa QMnAU•Y~HOZO aHaAU3a•opa, no OCU 
op~uHa• - KOAU'Iec•eo UMnyA~ocoe Ha KaHaA, aapezuc•pupoeaHHI>IX 
e 3- 'lacoeou 3Kcnoauijuu/. 
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Puc.6. PacnpeOelleHue aeiiU'IUHW o•Hocu•eiii>Hozo 6KIIaOa Me3o
peH•zeHoacKozo U311y'leHUJI a3o•a, YZIIepoOa U KUCIIOpOOa. /B Kpyz
III>IX CK06KaX YKQ3QHI>I cpeOHUe 3HU'IeHUJI o•Hocu•eiii>HOZO 6K/IQOQ 

u oucnepcu.11, noAyt~eHHwe npu o6pa6o•Ke pacnpeOelleHui1, a Kaao
pa•Ht.ax CK06KaX - cpeOHJIJI OIIIU6Ka OOHOZO U3MepeHUA/. 

06pa60TKa MC30peHTrCHOBCKBX cneKTpOB npOBO,li.BJJaCb Ha 3BM 

d 12,1 
CDC-6500 no nporpaMMe SAMP . Ilpa JTOM onpe,Aemmacb nnoma.AJ. 

no,ll. KaJK,ll.biM nBKOM cneKTpa. IlOCJJe BBC,li.CHBJI nonpaBKB Ha 3Hep

reTB'ICCKYJO JaBBCBMOCTb 34MtleKTBBHOCTB Ge (Li) - .AeTeKTopa onpe

,li.CJJJIJJaCb CYMMa BHTCHCBBHOCTCB DCCX JJBHHB K- cepHH yrnepo,Aa 

H xacnopo,Aa. B cny'lae cnexTpos aJoTa, ~oc~opa u xanb~BJI, r.Ae 

Ha,ACJKHO JaperBCTpHpOBaHbl JJHWb Ka -JJHHHH, HHTCHCHBHOCTb K -
cepHH noJJy'laJJB YMHOJKaJI HHTCHCBBHOCTb K ri JJHHHH Ha K034MtJB~BCH

Tbl, Y'IHTbiBaJOm&e BKJJa.A .Apyrax nuuuii K- cepau; 3TH Ko34MtJH~Heu

Tbl 6biJJB noJJy'leHbl Ha OCHOBC auaJJHJa MJO-MeJopeHTreHOBCKHX 

cnexTpos aJoTa, ~oc~opa H xan~o~a• 1 13.1Pa36poc JHa'leHHB .AJJll 

KaJK,AOrO K034MtJH~HeHTa, OTpaJKaJO&QHB BJJHliHHe XHMH'IeCKOB CBli3H 

Ha CTpyKTypy MeJOpeHTreHOBCKOrO cneKTpt 10 ~~6biJJ Y'ITCH B xa

'leCTBe CHCTeMaTH'ICCKOB norpeWHOCTH 3TOrO K034MtJH~HeHTa. 0THO

CHTeJJbHbiB BKJJa,ll. K- cepBH JJJeMeHTa /no OTHOWeHHIO K CyMMapHOB 

HHTeHCHBHOCTB K - cepBH BCCX nliTH 3JJeMeHTOB/, BblpaJKCHHbiB 

B npo~eHTaX, YCJJOBHO npHHHMaJJCll Ja OTHOCHTeJJbHOe KOJJH'ICCTBO 

3TOrO 3JJCMeHTa. 

~Jill 0Tpa60TKH MCTO,li.BKH npOBO,li.HJJHCb BJMepeHHJI MJO-

MC30pCHTreHOBCKHX cneKTpOB, nony\:aeHHbiX npH 06JJy'leHBH nliTO'I

HOB xocTB 'leTwpex 'lenosex HJ 'IHCJJa 3KcnepaMeHTaTopos. HJwe

peHHJI, npOBe,ACHHble C O,li.HHM H TCM JKe cy6'heKTOM C BHTepBaJJOM 

B 6 MeCll~eB, noBTOpHbiC HJMepeHHll ,li.Jlll npoBepKH BJJHJIHHJI Ha 

peJyJJJ.TaT TO'IHOCTH ycTaHOBKH KOHe'IHOCTH Ha ny'IKC, HJMepeHHJI 

npH 60JJbWeM ,li.BaMeTpe KOJJJJHMaTopa /32 MM/ H npa HeOnTHMaJJb

HOB /s paJyMuwx npe,Aenax/ Tonmaue 6noxa 5 /eM. puc. 1/ - see 

3TH BJMepeHHJI YKaJWBaJJH Ha OTCYTCTBHe JaMeTHbiX CHCTeMaTH

'IeCKHX owa6ox, npeswwaJOmax cTaTBCTH'IeCKYJO owa6xy, onpe,AeJJJI-

10 

Puc. 7. PacnpeoeAeHue ae/IU'IUHM omHo-
111eHUA cooep.xaHUA KaAI>IIUA K cooep -
.xaHu~ ¢oc¢opa /o6o3Hat~eHuJt ma~eue 
.xe, KaK u Ha puc. 6/. 

,, 

Cf )=2~:to? [o,s] 

1,0 2,0 3,0 1.,0 510 
Ca 
p 

CMYJO ·KOJJH'ieC T BOM 3-aperHCTpHpOBaHHbiX HMnyJJbCOB IIO,ll. IIHKaMH 

MCJOpeHTreHOBCKHX JJHHHB H ~OHOM. 

Bcero 6blno Bblnonueuo 41 HJMepeuae MeJopeHTreuoscxax 

CneKTpOB : 11 HJ HHX - KOHTpOJJbHble JaMepbl , 24 • JaMepbl Ha 

12 HCnbiTyeMblX Ja 'ieTBepo CYTOK ,!1.0 JKcnepHMCHTa H cnyCTJI 

'ieTBCpO CYTOK nOCJJe Hero ; ·y 6 HCnbiTYCMblX /no 3 HJ BTOpOB 

H TpCTbCB rpynn/ no TCXHH'ieCKHM npH'IBHaM cneKTpbl HJMepeHbl 

TOJJbKO nocne COCTOJIHHJI rHnOKHHeJHH. 

Ha puc. 6 noxaJauo pacnpe,Aeneuae qacTOTbl noBTopeHHll H3Me

peuuwx OTHOCHTeJJbHbiX KOH~eHTpa~HB a TOMOB C , N H 0 H npHBe,Ae

Hbl cpe,li.HHe 3Ha'ICHHJI HX OTHOCHTeJJbHbiX KOH~CHTpa~HB. Kax BH,li.HO 

B3 puc. 6, pa36poc OTHOCHTeJJbHO cpe,AHBX 3Ha'ieHBB JJBWb HeMHOrO 

npeBbiWaeT cpe,AHJOJO BeJJH'IHHY CTaTHCTH'IeCKOB OWB6KH H3MepeHHJI, 

'ITO CBH.AeTeJJbCTByeT o He3Ha'i&TeJJbHhlx I B npe,Aenax owa6ox/ 

BH,li.HBH,IJ.yaJJbHbiX pa3JJH'IHJIX B CO,II.epJKaHBH JTBX nerKHX JJJeMeHTOB. 

Ha puc. 7 npe,ll.cTasneHo pacnpe,ll.eneHae, noxa3wsa10mee OTHo

weHae co,ll.epJKaHHll xanb~Hll x co.D.epJKaHBJO ~oc~opa. 3Ta senH'IHHa 

TaKJKe XapaKTepH3yeTCll ,IJ.HCIIepCBeB, 6JJB3KOB K CTaTBCTB'ieCKOB 

OWB6Ke B3MepeHHJI. IlOCTOJIHCTBO /B npe,Aenax OWB60K/ OTHOWCHHJI 

OTpaJKaeT TOT ~axT, 'ITO npa 3aperacTpaposaHHbiX I eM. HHJKe/ 

H3MeHCHBJIX CYMMapHOrO CO,AepJKaHBJI ~OC~Opa B KaJJb~BJI B KOCTHOB 

TKaHH 'leJJOBCKa He npOHCXO,II.BT cpaBHHMbiX B3MeHeHHB B OTHOCHTeJJb

HOM CO,II.epJKaHHH ~OC~Opa H KaJJb~HJI. 
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Puc.B. H3MeHeHue C:YMMapHOZO cooepJiraHUA (Joc(Jopa u KQAI>f#UA 
OAA ucnw•yeMWX pa3HWX zpynn /puMCKUe I#U~pW HQO OCI>10a6CIIUCC/. 

B OTnH'IBe OT paCCMOTpeHHWX BWWe pacnpe~eneHBe ~JI CYM" 

wapHoro sxna~a !lloc!llopa B xanJ.UBJI npBMepHo Ha nopJI~ox WBpe 

CTaTBCTB'IeCXOrO pa36poca B OTpaJICaeT BH~BBB~yanJ.HWe pa3nB'IBJI 

B CTeiieHB 1\lBHepanJ.HOB HaCWII(eHHOCTB ry6'1aTOB KOCTB. MaJCCBManJ.• 

uoe pa3nB'IBe ~OCTBraeT lilaxTopa 2,3 jew. puc. 8/. 
~· BCIIWTyewwx nepsoB: /xouTponJ.uoB:/ rpynnw Ha6mo~aeTCJI 

CaMWB WHpOICBB ~Bana30H B3MeHeHBi CO~ep)I(8.HBJI !lloc!llopa B JCanJ.• 

UBJI: OT ysenB'IeHBJI Ba 20730~ ~0 yMeHJ.WeHBJI B~BOe. )J,nJI 'lneHOB 

BTOpOi B TpeTJ.ei rpynn B3MeUeHBJI C)'IQeCTBeHUO MeUJ.We. Cpe~HBe 

3Ha'leUBJI B31\leUeUBB IIO 3TBM rpynnaM /COOTBeTCTBeUHO ·12, ·12 B 

0 npo~eUTOB/ He OTpaJICaiOT OCHOBHWX OC06eUHOCTeB nony'leHHOB 

COBOJCYIIHOCTB ~aHHWX. 

3TO 06CTOJITenJ.CTBO no6y~BnO HaC BCKaTJ. KOppenJI~BB Me~y 

3~eJCTOI\l rBIIOKBHe3BB B BH~BBB~yanJ.HWMB OC06eUHOCTJIMB opra

HB3Ma. O~Ha B3 TaJCBX xoppem1~BB noxa3aHa ua puc. 9. BH~o. 

'ITO MaJCCBManJ.HOe yweHJ.WeHBe co~ep)KaHHJI !lloc!llopa B xanJ.~BJI 

BMeeT MeCTO ~nJI BCIIWTyeMWX C 1\laKCBI\lanJ.HOi Ha'lanJ.HOB MBHe· 

pani>HO~ MaCCOi KOCTB 1 B, Hao60pOT, C03~aeTCJI BIIe'laTneHBe, 'ITO 

B pe3ynJ.TaTe B03~eBCTBBJI ~nBTenJ.HOB aHTBOpTOCTaTB'IeCKOB rBno· 

KBHe3BB npOBCXO~BT BWpaBHBBaHBe MBHepanJ.HOB HaCWII(eHHOCTB 

ry6'1aTOB KOCTB. 

IlpH cpaBHeHHH HaWBX pe3ynJ.TaTOB C TeMH, KOTOpWe 6wn u 

nony'leHw MeTo~ow !lloTOHHoii: ' a6cop6~aa15-8/ ueo6xo~BMO Y'IBTW

BaTh cne~yiOII(ee 06CTOJITenJ.CTBO. C IIOMOII(J.IO 1\llOOHOB onpe~enJieT • 

CJI 3neMeUTHwB COCTaB ry6qaTOB 'laCTB IIJITO'IHOB KOCTB, a MeTO· 

12 

~OM !lloTOHHOH a6cop6UBH - CTeneHJ. MHHepanJ.HOH HaCWII(eHHOCTB 

BCeH KOCTH, BKniO'IaJl ee KOpTHKanbHWH cnoii. 

Ilo3TOMY o6a xnacca 3KcnepBMeHTOB cne~yeT paccwaTpesaTb 

KaK B3aHMHO ~OIIOnHJIIOII(Ue ~pyr ~pyra. C 3TOH TO'IKH 3peHHJl 
/ 14 / v 

MO)KHO IIOHJITJ., IIO'IeMy B pa6oTe 6wn rrony'leH 6onJ.WBH HH~HBH ~ 

~yanJ.HWH pa36poc CTeiieHH MHHepanbHOH HaCWII(eHHOCTH /~o 4,5 
pa3a/ u o6paTHaJl u 6onee cna6aJI 3asecewocTJ. 3~exTa ~nuTenJ.· 

HOB rHIIOKHHe3HH OT Ha'lanbHOH MBHepanbHOH MaCCW BO BCeii: 

IIJITO'IHOH KOCTH. He HCKniO'IeHO, 'ITO 1\lHHepanJ.HaJl HaCbiii(eHHOCTh 

ry6'1aTOH 'laCTH KOCTH H ee KOpTHKanbHOrO CnOJl rro-pa3HOMY 

MeHJIIOTCJl B ycnOBHJIX rHIIOKHHe3UH . 3~eKTW, HCCne~yeMWe MeTo

~OM !lloTOHHOH a6cop6~HH, JlBnJIIOTCJl ~OBOnbHO rpy6WMH. )J.nJl 6onee 

~eTanbHoro H3Y'IeHHJI rrepepacrrpe~eneHHJI xanbUHJI e !lloc!llopa 

Me)l(~y pa3HWMH yqacTKaMH KOCTH ~enecoo6pa3HO IIOBTOpHTb 3KCIIe

PHMeHT B ycnOBHJIX , KOr~a MHHepanhHaJI HaCWII(eHHOCTh OIIpe~enJi eT

CJI O~HOBpeMeHHO ~BYMJI MeTo~aMH ; C IIOMOII(hlO MIOOHOB H MeTO~OM 

!lloT OHHoii a6cop6uuu . 

(P+Ca)1977 
(P+Ca) 1976 

1.2 

0.8 

0 . ~ 

Puc .9. KoppeAJII#UJI MeJKoy 
cmeneHbiO U3MeHeHUJI MUHepaAbHOU O 
HQCbllqeHHOC111U /no OCU Op0UH0111/ 2~---:4~---:6~---..,8~-__j 
U ee UCXOOHbiM ypoeHeM /no OCU (P+Ca),% 
a6Cf4UCC/. 1976 
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