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Penpunmut

2KDHH

[loBoabl B bruonormu
TpaHCMyTauun nNpu
CrabbIX 3HEpPrusax.
YacTb 1

K.. KepepaH

Ot pegakuumn. Mbl npeacTtaensem pparmeHTsl U3 kHurm K.J1.
KepspaHa “[oBoabl B Guonorny TpaHcMyTauuii npu cnabbix
3Hepruax”, Bbilwegwen Bo ®parHumm B 1975 rogy, n ctasLlen
nsBectHon B Poccum Gnarogaps  HeodumumansHoOMy
nepeeogy. 3HaunmmocTb paboT KepBpa- Ha He yObiBaeT C
rogamu. Ham nokasanock, 4To nepeneyaTka CTonb 60nbLUNX
dparMeHTOB KHUrM OyaeT cnocobCTBOBaTb MOBbLILLEHWUIO
WHTepeca uuTatene K npobneme  Guonormyeckomn
TpaHCMyTauum  anemeHToB.  MHOrMe  3KCMEepUMEHTbI
KepBpaHa M MOHbIHE XAOyT npogospkaTenen, a cama aTta
obnacte uccrnegoBaHW, BO3MOXHO, OydeT MHorve rogpl
HenccsKaeMblM MCTOYHMKOM HOBbIX OTKPbITUN.

|. BBegeHue

OTa KHHUra, KOTOPYIO 5 IPEACTaBIAIO, SBISIETCS MOIHOCTHIO
nepepabOTaHHOW, a HE TPOCTHIM Iepeu3laHueM, 'me-
PECMOTPEHHBIM M HCHPABICHHBIM'. DTOMY €CTb HECKOJIBKO
TIPUYHUH.

- [Ipexne Bcero, s neperpynnupoai B nepensganuu 1972 r.
o0myro TOouky 3peHus Ha 'TpaHcMmyranmm 1pu  ciaa0bIX
SHEPrusix', ¢ TeM 4TOOBl WMETh, B OJHOM TOME, OOMIMPHYIO
uHdopmanmio 00 yxXKe peaJM30BaHHBIX IMPUMEHEHUSX,
BO3MO>KHOM Pa3BUTHH, OCYIIECTBICHHBIX UCCIIETOBAHUAX.

- Hanee, 0bIJI0 HEOOXOAMMO YIAIUTH HEKOTOPHIE 'TOBOJBI',
LIUTUPOBAHHBIC B TMEPBOM M3/JaHUHM M KOTOPHIE MMEIH TOJBKO
PETPOCIIEKTUBHBII XapakTep, 4TOOBl IOKa3aTh COBOKYITHOCTH

CaMbIX TIIOCJICOHUX I/ICCJ'IGJZ[OBaHI/If/'I, HCIIOJIB3YsL HanboJee
COBPEMCHHOC AHAJIUTHYCCKOC 060py2[OBaHI/I€, YTOOBI
npeaoTBpaTuTh TaKUM 06pa30M BCAKHUEC BO3MOXXHBIC

BO3paKCHU 110 IOJIYYEHHBIM PE3y/IbTaTaM C IIOMOIIBIO Majo
IIPaKTUKYEMBIX CETOJIHS METOOB.

- Hakonen, MHe NpeaCcTaBUIOCH MOJIE3HBIM NPEIOCTABUTH B
pacIopspKeHHE Y4eHBIX COBOKYIHOCTh HanOouiee MOIpOOHBIX
JIOKa3aTesbCTB, Y9TOOBI [10Ka3aTh, KaKue Mepbl
MIPEJOCTOPOKHOCTH OBIIM MPUHSTHI B OTHOIICHUH NPOTOKOJIOB
W aHAIW30B, JUIL TOTO YTOOBI YTBEPIAWTh WX B YyOSKICHHN
CYyILLIECTBOBAHUS BBISIBJICHHOTO SIBJICHUS.
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OTOT NMOCJIEAHUIH MyHKT TpeOoBaJ OTKa3a OT HEKOTOPOTro
KOJIMYEeCTBA IJIaB IIEPBOTO H3aHUs, TaK Kak He ObUIO BO3-
MOJYKHOCTH BCE€ IpPEACTaBUTh 10ApoOHO. [TosTomy s octaBmi
TOJIBKO  OTPAaHHYEHHOE YHCIO TBEPAO  YCTAHOBJICHHBIX
'TOBOJIOB', IPENICTABIICHHBIX ¢ HANOOIBIIeH TOUHOCTRIO. JIpyTre
paboTel, Oonplle  PAacHONOXKEHHBIE K  IPUMEHEHHIO,
MOKa3bIBAlOT, YTO OBIIM W3y4eHBl W JApPYTHe  THIIBI
TpaHCMYTallMH, a 3/1eCh U3JIOKEHNE JOOPOBOIBHO OIPaHUICHO
HEOOJBIINM YHCIOM O3KCIIEPUMEHTOB, TaK YTOOBI XOpPOIIO
3aCBUICTENBCTBOBATE  BCIO  MPOSIBIEHHYIO K 3TUM
UCCIIEZIOBAaHUAM 3a00Ty Kak MHOIO, TaK U IPYTUMH.

MHe 110Ka3ajaochk Takke He0OXOIUMBIM PACHIUPHUTD B IPYTOM
IUIaHE  TpeAMeT  IepBOro  HU3JaHUS,  IOCBSILEHHBIN
TpaHCMyTalusM B Ouosoruu. B necTBUTENBHOCTH 5 TOBOPHII -
¥ 9TO OBLJIO, HAYMHAsI C MOUX IepBbIX MyOnukanuid B 1960 r, uto
BBIABIICHHOE SIBJICHHE OBIJIO BO3MOXKHBIM, C TOMOIIBIO SHEPTHA
(epMeHTOB, TOJBKO Oylarofapsi CTpyKType siipa HEKHX aTOMOB,
HEHM3BECTHBIX KIIACCHYECKOH simepHOH (u3uke. Takas CTpykTypa
SIBUJIACh PE3yJIbTAaTOM JeAyKIHHU. B To Bpems, 4ToOBI Mokas3arh
3T0, s pacIoiara TOJIbKO OJHOH CXOANMOCTBIO HaOIIOAEHUH B
6uonornu. OYEBHAHO, YTO HAIUIUCh, 3TO I0-YEIOBEYECKU
MOHATHO, (DU3KMKH, HEU3BECTHBIC KaKOH-THOO BBIIAIOIICHCS
paboToii, KOTOpBIE TIOCTABMIIM 1OJI COMHEHHE MO0 KOHIIETIIIHIO
A7pa aToMa C MOMOIIBI0 apPTyMEHTOB THIIA: €CIIH ObI 3TO OBIIO
UCTHHHBIM, TO IPyTHe 3TO YK€ 3aMETHJIHU OBl... (HHa4e TOBOPS,
COTJTaCHO WM, OOJbIlleé HEYEro OTKPhIBaTh...). HaoGopor,
BBIJJAIONIMECS] YYEHBIC pa3HBIX OTpaciell 3HaHWS, BKIIOYAs
(PM3MKOB, OKA3aJIM MHE YCTHYIO MM MMMCHbMEHHYIO OAJIEPXKKY B
mnyHOM TwtaHe. Ho, ocobeHHO cpeam (UM3HMKOB, Ka3ajoch
OYEBHIHBIM, YTO HEKOTOPBIE OTKA3bIBAINCH BBICKA3aThCs, OKA
HMMEJHNCh TOJILKO OHMOJIOTMYECKHE TTOJTBEP)KACHHS, TaK KaK B
TOM, YTO €CThb, UMEETCS M3JIHIIEK HACIOCHHBIX NapaMeTpoOB,
OpUYeM  HEKOTOpble  JaXe COBCEM  HEW3BECTHHL. B
TEOPETHYECKOM IIaHE OHU MPUILIA K TOMY, YTO BBIABHHYJIN
THIIOTE36I, KOTOPhIE 51 OTOPOCHI, TaK KaK 3TO HAXOIIJIOCh Ha
CTapTe B paMKax MOCTyJaTa: Ui HUX Pedb IIIa O TOM, YTOOBI
HAWTH MpueM, 4TOOBI BKIIOYHTh MOW pe3yJbTaThl B IpaBHia
KJIACCUYECKOW siepHON (M3WKH, TOTAA Kak, s B 3TOM OBLI
yOexaeH, 3T NpaBWiia, BBIBEICHHBIE W3 3KCIHEPHMEHTOB MO
'00MOapMpOBKe' YCKOPEHHBIMH 4YacTHUIAMH, He OynyT
MIPUTOTHBIMH B ITOJTHOCTBIO OTJIMYHBIX ONEPATHBHBIX YCIOBHUIX
0e3 npenBapUTEIbHON
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HNPOBEPKU B ITUX OTJIMYHBIX yCIOBUAX. UTO HE OTHOCHIIOCH K
CJIy4aro ¢ 3TUMH (pHU3NKaMH.

[Nocnennue noctixeHus B PU3NKE OUCHBb BHICOKHX JaBICHUI
HaBeJIM MEHS Ha MBICIIb IOCMOTPETh, HET JIU TaM HOBOTO ITyTH
JUTSL NCTIONIB30BAHMS B peaIn3alliy TPAaHCMY TAIli TOTO )K€ THIIa,
KOTOPBI 1 BBISIBHI B Omonorumu. B 3THX mociaegHHX MOKHO
ObLTO OBI, BO3MOXHO, IPHOETHYTH, B SHEPTETHICCKOM IUIAHE, K
pe30HaHCY W OTHOCHUTENIEHO MIPOIOIKUTEIBHOMY
IpOTpeccupyroneMy AeHCTBUIO, UMESl B BUIY CHIIBHBIH M OYCHB
KpaTKUM yJap YCKOPEHHOM 4YacTHLbI C OYEHb BBICOKOH
sHepruei. [IponomkuTenbHOE NaBlICHHE, HE MOTJIO OBl OHO TaK
e JeiicTBOBaTh, 4YTOOBI 3aCTaBHTh CKOJB3UTh KaKHM-TO
00pa3oM 1B TIOACUCTEMBI, pa3/IelCHHbIE ITOBEPXHOCTHIO
paccioenust? ITo HaJo OBUIO MOHATH U HanboJiee MPoCTo OBLIO
U3MEpPUTh, TaK KakK 37eCh BBOAATCSA TOJNBKO JABa MapameTpa:
TeMmIeparypa U AaBJIeHHE, 3HAKOMBIE MOHSITHUSA, KOTJa U3y4aroT
9BTEKTHYECKHE TOUYKN MHUHEpana. 51 coOpaia MHOTOYHCIICHHBIE U
KOHBEPTCHTHBIE NEPECEUCHUs, a IMEHHO, NIPH MeTaMophu3Me
HEKOTOpPBIX MHHepasioB. Pasymeercs, u s 06 3ToM cooOrma,
HayMHas C MOUX HEpBBIX  NyOJMKanuWid, HMETCcs
'MeTaMOp(U3MBI', 'METaCOMATO3bI', KOTOPBIE SBISIFOTCS TOJBKO
ClIOBaMM, YTOOBI B  JCHCTBUTEIHHOCTH  3aMacKHpOBATh
TPaHCMYTAIlMH, KOTOPhIE OOYCJIOBJICHBI  OHOJIOTHYCCKUM
JIeWCTBHEM, MUKPOOpPraHU3MaMHu. JTO ciy4dail ¢ o0pazoBaHUEM
CEJIUTPHI U CUIBHOTO BBIBETPHBAHUSA KaMHEW MaMSTHUKOB; 3TO
Takke ciayyail, HaOmoJaeMplii B TMOYBOBENCHUM, U3MEHEHUS
MUHEpaIbHBIX COCTaBJIAIOLINX oJt JeiicTBueM
MHKpPOOPIraHU3MOB Mo4BbI. Hixe s mocssmaro sTomy riasy. Ho
MHE TaKoke Ka3aynoch ¢ 1959 1., 4To HeKOTOphIe 'MeTaMOP(PH3MBI'
00YCIJIOBIICHBI YHCTO (PU3UUECKIMH BO3JCHCTBUAMH (IaBICHUEM
U TEMIepaTypoil mpH oporeHesax, Hampumep). B cBere
mocieqHuxX ~ paboT  TeomoroB  OBIO OBl TOJE3HO
MepEerpyNIIpOBaTh pa3INdHbIC HAOMIOACHHUS U HCCIICIOBAHMS,
BBINOJIHEHHBIE BO BceM Mupe. S caenan ux Habpocok BO BTOPOM
W3aHAN MoeW KHMTH "TpaHCMyTaluu NpH ClalBIX 3HEPrusx',
nosBuBIIeMcs B Havaie 1972 r. Orta riaBa Obuta HammcaHa
netom 1971 1., Koraa s ObIJI 3aHAT B X0€ HOBBIX 3KCIIEPUMEHTOB
no wmeramopdusaMy TrOpHBIX mopoJ. Mou paboTel TOr/A
CIIMIIKOM MaJo MPOABHHYJHNCh, YTOOBI S MpPHUHAT HX BO
BHHMaHHE.

Tak kak 3a 3TW HOCJIEIHHE TOABI CTajlH JOCTYIIHBl HOBBIE
(axThl, TO S WMeN IOCTATOYHO OCHOBATEIbHBIE HCXOIHBIC
JaHHBIC, YTOOBI TOJIYYHUTh O(QHIMAIBHYIO MOIJEPXKKY. S He
MOT'Y Ha3BaTb BCEX TE€X, KTO MHE ITOMOT, MHOT/1a IMYHO. Tak kak
TOJBKO (DM3UKH, 3aBEIyIOIIME OTAEIaMH, pacloJiararolme
HOBBIMU MaTepuallaMu, MOTJIM Obl OKa3zaTh MHe 3¢ (HEeKTUBHOE
cojfeiicTBre. A ¢ 3TUMM MaTepuanaMy, elle peAKHMH, HHOTIa
HYKHO JIOJIT0 JKJaTh CBOEH odepean, OBICTPO He MTPOABHHEIIBCS.

OTO0 HOBBIN MyTh, KOTOPBIH OTKPHIT B siAepHOH (u3nke. Bot
royeMy S ToJiaraj Hy)KHbIM IIpeJHAa3HAYUTh HE OIHY TJaBy, a
LEeTbI BTOPOM TOM HacTosIiei padoThl TOMY HCCIIEI0BAHHIO,
HOBOMY B MHUpPOBOM MacmiTabe (MHE NMpHHAIUIEkKAT HECKOIBKO
YaCTHYHBIX U pa30pOCaHHBIX ITyOJIMKAIMi; 3TOT TOM, KOTOPBIHA
yIKe MOSIBUJICS, SIBJISICTCS TIEPBBIM COBOKYIHBIM HCCJICIOBAHUEM
Ha 9Ty Temy). [Ipum conelicTBum Hammx HamOoJjiee BaXKHBIX
Hay4HBIX WHCTaHIUH, MIO/IBEJOMCTBEHHBIX TpeM
MHUHHCTEPCTBAM, OyIyT DPacCMOTPEHBI BBITEKAIOIIHE OTCHOJA
MPUMEHEHHUS B TEOJOTHH, Te0(PH3HKe, TECOXUMHUH H T.1., KaK U B
YHCTOM HayKe, KOT/1a MCCIIeIOBAHNS, HAXOSIINECS eIIe TOIBKO
B CBOEM Hauane, OyayT pa3BepHYTHI (3TO KacaeTcsi Tarke
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MUHEPAJIOrnuu, BYJIKaAHOJIOIUH U T.H.).

II. 'OdpekT KepBpaHa'

B TeueHne MHOTHX JIET MHE MNpPETHJIO HCIIOIb30BaTh 3TO
CJIOBO, PACIIPOCTPAHEHHOE B Pa3IMYHBIX KpyTax, B0 @paHnuu u
0COOGHHO 3a TpaHUWICH, KOHAEHCHPYS MOH  pabOTHI
mocpencTBoM BelpakeHus ddext Keprpana'. Ecnu s sBisitocs
POAOHAYATBHUKOM (OPMYII, OIHMCHIBAIOIIUX 3TO SIBJICHUE, TO 5
HE JaBaJl €My HUMEHH, U MHE He YJaeTcs Jdaxe COBCEM
BCIIOMHUTB, KTO IEPBBIN HCIIOIB30BaJl 3TO BRIPAKEHHE; 3TO yKe
B IIPOILLIOM.

Ilon »TuM mnonpa3syMeBarOT peakUUu TpPaHCMYTalUH dJie-
MEHTOB a0COJIIOTHO OTIMYHBIE OT TAaKOBBIX KJIACCHUYECKON
SIEpHONW (PU3MKH, TaK KaK OHHU IPOUCXOIAT C DHEPTrHeH, IO
KpaifHeli Mepe KaKyIueics, 3HauuTeNnbHO Ooiee ciaaboi, deM
KIaCCHYECKHEe sAepHbIEe peaknuu. KOHCTaTHpPYIOT —Jaxe
'cUASHUA', KOTOphIe HEe CHOCOOHAa OCYIIECTBHUTH KJIaCcCHYECKas
¢m3uka. YTtoObl n30ekaTh MyTaHUNbI, S HPUHAI TEPMUHBI
'ciekaHne' A 00O3HA4YCHUS OOBEIWMHEHHS B OJIHO
€MHCTBEHHOE SAPO JIBYX APYTHMX aTOMHBIX g1ep (KOTOophle, ¢
3TOr0 MOMEHTa, SIBISIIOTCS 'moabsapamu’, 'MojaHcamOmsmMu’
peanuzoBaHHOTO aHcamOns). Bo3MoOXHOCTH pa3neneHusi, B
JPYTHX YCIOBUSX, TAKHX MOJaHCaMOJIeil MOKa3bIBaeT, YTO OHU
He 'cnmwiuchk' B ONMH, 'CIUSHHMS' HE HAONIOAACTCS, M UX
pa3zesieHHe HEeNb3s YMOAOOWTh PACHICIUICHUIO;  KaXKIbIH
MOJAHCAMOJIb COXPAaH’ET CBOIO CTPYKTYpy, OHH Kak OBbl
'CIIeYEHbI', U UX pa3JeICHUE 3aKJII0YAETCs B 'PaccioeHuu’.

B stEx TpaHcMyTamusx mpu cnabod SHEPTMM HE Ha-
Omonanock HUKAKOW paguoaKkTUBHOCTH, 'Paccmoenme’ mpo-
UCXoauT '0e3 cyuka, 0e3 3aJOopHHKH', 0e3 'MCKp pa3MBIKaHIS',
4TO0 0OYCIIOBIMBAIOCH ObI BBIPBIBAEMBIMH HYacTUIaMH. Pa3pe3
SBIIICTCA UYETKUM, KaK Yy oOpexa, KOTOPBIM BCKpBHIBaeTCSA C
MPUMEHEHHEM HOXa 0 Hapy>KHOMY OOBOAY, C HaHMEHBIIUM
COIIPOTHUBJIEHUEM, KOTOPBII €ro OKpY»KaeT. B nenTpe saepHbIxX
uccnenoBanuii Cakie ObUT TpojeNiaH KCIEPUMEHT B IIKady ¢
TOJICTBIMH CBHHIIOBBIMHM CTEHKAMH, YTOOBI 3aIlIUTUTH >KHUBOE
BEIIECTBO OT BCSKOTO BHEIIHETO OOJIyYEHHWS, OT CIHIIKOM
CHIIHOTO ()OHOBOTO IIyMa. DTOT IIKad OBLT OCHAIIICH HanboJee
COBPEMEHHBIMHU MaTE€pHAJIaMH, CBEPX1yBCTBUTEILHBIMH HETIpe-
PBIBHBIMH  PETHUCTPUPYIONIMMH NPUOOpaMH, MO3BOJISIOIIIMH
00HAPYXUTH JIIOOYIO PaJHOaKTHBHOCTHIO JIaXke OUeHb cllalyro,
MPOM3BOJUMYIO  TIPH  HCIIOJBb30BaHHBIX  OMOJOTHYECKUX
mporeccax TpaHcMmyTanud. OmNBIT  ObT  OTPUIIATETHHBIM:
HUKaKOM paln0aKTUBHOCTH, TI0 KpalilHEeH Mepe, KOTOPYIO MOXKHO
0OHapYKUTb.

OTOT THUN TPaHCMyTalMM KOHCTATHPOBAJCS, TIJIABHBIM
obpasom, MO mepemenieHui0 mporoHa (fH *) wimm  sapa
Kkucaopoja (£0). S mpuBeny pasnuuHbIe HAOIIOICHUS, KOTOPHIC
MOJKHO OOBSICHUTP TOJBKO ABIKEHHEM +C; Y MEHS HET, K 3TOMY
MOMEHTY,  CHCTEeMAaTH4eCKOTO  HCCIEIOBaHUS,  KOTOpOe
npuBoamwio Ob1 K Meicii o -C . B Hambonbmem dwncie
HCCIIEIOBaHUM y4acTBYIOT *H * unu +O, u Mbl 310 yBuauMm. He
UCKJTFOYEHO TAK)Ke, YTO MOT OBI OBITH *Li, HO, K TOMY BPEMEHH,
HACKOJBKO MHE HM3BECTHO, HET HHMKAKOTO CHCTEMaTHYECKOTO
HCCIICIOBaHMSA, ITO3BOJISIONICTO YTBEPXKIaTh, YTO 3TO HMMEET
MecTO (WM eCli pedb UAET 00 OJHOBPEMEHHOM JBW)KCHHUH 3
MPOTOHOB TIPHM YacCTOM JEHCTBHHM XBOCTAa AMHUHOKHCIIOTHI,
3aKaHYMBAOIIErOCsS METHWIIBHOM rpymmoi CH3). Bor mouemy
Jlable He OyieT BO3HUKATh BOIPOC O HaOJIIOAEHHSIX, KOTOPhIE
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OOBSCHSIIOTCS, KaK Ka)KeTcs, TakuM obpazom. (OHako B mpH-
JOXKEHUH s TPEICTaBIIII0 OJHO HCCIENOBaHHE, B (U3HKE,
MOKa3bIBaloIee, 4TO0 Li CMOMNIM TOJy4UTh TpaHCMYTalUeH,
00YCIJIOBJICHHOH JIaBJICHUEM ).

IToCKOMNBKY 3TH peaKkUy IPOUCXOIIT O3 PaHOaKTUBHOCTH,
TO HMeEeTCs SKCIIepHMEHTaJbHas KOHCTATaIMs, KOTopas 3TO
OOBSCHSET: OHHM BO3MOXHBI TONBKO CO  CTaGHIBHBIMU
HyKJIUIaMHU ¢ 00pa3oBaHUEM IPYTHX CTaOMIBHBIX HYKIHIOB. B
9THX QopMmynax OyIOyT BCTpEYaTbCs TOJNBKO CTAaOWIIBHEIE,
TPUPOAHBIE H30TOMBL. YTOOB N30€KaTh KaKOH-THOO0 ITyTaHUIIBI
B HaIlMCaHWH, s NPUHSI 3HAK :=: (YNTAETCS: IKBHBAJIEHTHO...),
KOTOPBII MOKAa3bIBAaET, YTO TO HE XMMUS U HE KiacCH4ecKas
(u3KKa; 3TOT 3HAK OTIINYACTCS TAKXKE OT TeX, KOTOPBIE IPUHSTHI
B MH(OpMaTHKe; ero JIerko neyaraTh Ha IHIIYIIEH MalllHKe.
Tak, s 3anmunry B Ka4ecTBE NPUMEPOB:

13Al + 1H :=: 14S i
12M g + 80 :=: 20Ca
14S i+ 6C :=: 20Ca

B stux opmynax 4nucio BHH3Y CIIEBa - 3TO YHCIIO IPOTOHOB
Z , KOTOpOe OIpesiersieT Ha3BaHue dneMenTa. Ecim HeoOXxommmMo
OBITH OOJIEe TOYHBIM, TO 3TO OyIeT, HapuMep, Tak:

12%Mg + %0 =: 78,°Ca M 2%°Ca - 4H = 3%°K

Yucno BBepXy clieBa HE SBISETCS aTOMHOM Maccoil A, a
YHCIIOM HYKJIOHOB. C APYTUMH CTaOMIBHBIMU H30TONIaMK M g U
O HOJIy4uM ApyrHue CTaOMIbHBIE H30TOMEI Ca:

1%2°Mg + %0 =: »*%Ca 2,5,Mg + 680 :=: “x*Ca

Bceerna Oynmer coxpaHATBCS OCO3HAHHE TOTO, YTO TPH-
GaBneHHe (MM BBIYUTAHHE) BO3MOXKHO TONBKO NPH YCIOBHH,
yTo OyJAeT TONydYeH TOJbKO HEePaAMOAKTHBHBIM HYKIH]
(BBIIIEYTIOMSHYTBIE MIPUMEPHI HE HCUEPIBIBAIOT BO3MOXKHBIX
MCTOYHHKOB BCEX CTAOWIIBHBIX H30TOIOB Ca).

MoskHO UMeTh

K panuoakTHBHOMY P (Obuto mpoBepeHo B Cakiie, 9TO HEJNb3s

UMeTb HH “N + 1 O, HM 14 wmm 15N + 380. DTUM
BOCIIPOU3BOJUIIACEH JKCIIEPUMEHTHI, OCYLIECTBIICHHBIE B OJJTHOM
SIIIOHCKOM  YHHMBEpCUTETE, U1  MOATBEPXKICHUA  MOUX
WCCJICTOBAHMIA).

TakoBa CyIIHOCTb IIPaBUII, KOTOPbIE MOTYT HAOMIOATHCS BO
BCEX UCCIIEA0BAHNUX, OTHOCALIMXCS K D dexty Keppana'. Onn
OyayT ellle yTOUYHEHBI BIIOCIEICTBUH, TaK KaK HE BCE PEaKIHH,
OTBEYAIOIME€ BbIIICHA3BAHHBIM YCIIOBUSIM, BO3MOXKHBI, MBI
YBHIMM [T0YEMY W yTOYHHUM 3TH NPaBUIIA. DTH MOCIeTHHE ObUIN
BBIBE/ICHBI u3 6o0JIbIIOTO qHucia  pa3HOOOpa3HBIX
9KCIIEPUMEHTOB, HUKaK HE OIPOBEPTHYTHIX 1O HACTOSIIETO
BpeMeHH. MeHs He 3acTaBmin Obl CKa3aTh, YTO HUKOTAa HENb3s
Oymer HaOmoxaTh TpaHCMYTalMd C  PaJMOAKTUBHBIMHU
M30TONaMu. 5l KOHCTATUPYIO TOJIBKO HAOIIOACHHS, CACTaHHbIE K

AN +4°0 = %P Hn eme N + 7 O :=: %P
HO HUKaKasi peakius ¢ APyTUMH CTaOUILHBIMUA U30TO
namMu N 1 O HEBO3MOXKHA, TOCKOJIBKY WHAYE MPHUIILTH ObI
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3ToMy BpeMeHH. Ecim OBl HEKOTOpbIE MHKpPOOPIaHH3MBI,
CIOCOOHBIE  HTh B  CWIBHO  paJlOaKTHBHOH  cpexe
(BocTpom3BOSICH OBICTpEe, MPEX/E YeM pa3pyIIUTHCS, U TAKUX
U3BECTHO HECKOJBKO THUIOB) MOINIM  JEeMCTBOBAaTH Ha
PafnO3IEMEHTHI, 3TO OTKPBLIO OBl IyTh K
'OnoerpaiupyeMOCTH' PaTMOaKTUBHBIX BEMIECTB. OJTO HE
SBIIIETCA HEMBICIIUMBIM; I Y4€l 3TO B MOUX MPEIIECTBYOLINX
KHHUTaxX, IPUBO/IS COBITAIAIONINE HAOIIOACHNS; OHU MTOTPEOYIOT
CHCTEMaTHYECKOTO M3Y4EHHS (3TO SBJICHHUE OBLIO PEATM30BAHO
TaKXKe ¢ TOMOLIBIO OYE€Hb CHIBHOTO JaBJICHHS: PaIHOAKTUBHBIN
Oepuiutnii ‘Be CTAaHOBUTCS CTAOHIBHBIM 7Li).

Kak cnenctBue BbIIIEHa3BaHHBIX MPAaBUJI MBI 3asBUIIH, YTO
TOJIBKO CTAa0WJIBbHBIE HYKJIHMIBI (HEpaJNOAKTHBHBIE) MOTYT
BCTyIaTh B peakiuro npu 3ddexre Kepppana'. U3 storo dakra
CJIe/IyeT TaKkXkKe, YTO HUKOTIa He OyJeT HaOIoNaThCsl peakiuy ¢

BXOJIOM MM  BBIXOJOM  H30JIUPOBAaHHOTO  HEWUTpPOHa,
HEYCTONYMBOM, BHE siApa, yacTulpsl. [1o kpaiiHell Mepe, K 3ToMy
BPEMEHH HHKAaKOW peaknud J3TOr0 THNA HE  OBIIO
KOHCTaTUPOBAHO.

Jlpyroe ciiencTBHe 3THX NMPAaBWI: TOJIBKO OajaHC MPOTOHOB
(Z) BoBce He nocraTodeH Ui MMOMCKAa BO3MOXKHBIX PEaKIHH;
HEOOXOAMM TaKke, W OJHOBPEMEHHO, HYJIeBOH OayaHC
HYKJIOHOB COIJIaCHO BBIIICHA3BaHHBIM INIPUMEpaM, Ilie CyMMa
3HAUEHUN UHAEKCOB, CBEPXY M CHM3Y, ABJIICTCS OAMHAKOBOU
ClleBa U CIIpaBa OT 3HaKa 3KBUBAJICHTHOCTH.

BcemoMHUM Takke, 9TO €ClIM 3TH PEeakLUud OOpaTUMBI, TO
CJIOBO '00paTUMBIil' HE MIMEET TOTO YK€ 3HAYCHUSI, YTO U B XUMHH.
OTO 03HAYaeT, YTO 3Ta OOPATHMOCTH TPEOYET NPYTHX YCIOBHH;
B OMOJIOTHH K HUIM OTHOCSITCS Pa3InIHbIC EPMEHTHI (ITOOBI 3TH
(hepMEHTHI IPUHAAJICKATH BBICIIUM FIIH HA3IIMM OPTaHU3MaM).
VIMeHHO Tak »KMBOTHBIE YacTO PEaNU3yroT 12M g + 80 :=: 20Ca.
Ho Henp3st yTBEp)naTh, 0€3 npeABapUTEIbHOTO SKCIIEPUMEHTA,
YTO BO BCEX CIIydYasX BCE THIIBI XKHUBOTHBIX OyIyT AaBaTh 3Ty
peakmmio. Jlaxke eciam yCTaHOBJIEHO, YTO Kakas-TO PEaKIus
MPOMCXOJUT Y YeJIOBEKa, HAIPUMED, TO HE 0053aTeNIbHO, YTOOBI
9Ta peaklus BCETAa MPOHMCXOJMIa y denoBeka. Mbl yBUIUM, B
MEIULMHE, ClIy4ail ¢ KaJueM, KOTOPBIA YeJIOBEK NPOU3BOJIUT
Tonbko B Oopb0e, Korja TOSIBISETCS CKIOHHOCTh K
raneprepMu; Toraa o pacxoayer Na. (11N a + 8O :=: 19K).
Takoke pacTeHus: NPOU3BOAAT peakluto 19K + 1H :=: 20 Ca, HO OHU
He penator Ca, wmcxons m3 Mg. Henp3st Taroke nenath
000011eHNH, UCXOA N3 CEPUU 3KCIIEPHUMEHTOB Ha OJHOM M TOM
JKE€ PaCTeHUU, U TOBOPUTH, UTO BCE PACTEHHS BBINONHAIOT 3Ty
pEaKIMIo Mo MPOU3BOJACTBY KalblLUsl, UCXOAd U3 Kanus. B rnase
'Cenbckoe  XO3SHMCTBO'  OOHApYX MM  3KCIEPHUMEHTAIBHYIO
MOJAPOOHOCTh, TIOKA3bIBAIOIIYI0, YTO pacTeHHs, Ipou3pac-
TalOIMe Ha M3BECTKOBBIX IIOYBAX, HE MOTYT IPOM3BOIHTH
KaJbIMs; BOT IOYEMY OHH JOJDKHBI YEPIaTh €ro M3 IOYBHI, U
MIO3TOMY OHH PacTyT TOJIBKO Ha U3BECTKOBBIX 3eMJISIX. Y HUX HET
HUKaKoro ()epMeHTa, MO3BOJISAIOIMIET0 UM CAMHM JAelaTh CBOU
Kanbiwid, ucxonas u3z K, Mg win Si. Kak BuauMm, Hukora Het
IPOCTOr0 IMpaBUila, IPUTOJHOrO BCeraa W NOBCHOAY. Mbl
YBHIMM TaKXXe, YTO PEaKIUy MOTYT 00pamarhCsi B 3aBUCHMOCTH
ot pH. INocnemnoe 06001eHNE, TPOU3BOIIBHAS SKCTPATIOJISIIHS
SIBIIIIOTCSL  COKpAIEHHBIMU  paccMOTpeHusiMH.  Tonbko
CUCTEMATHUYECKHE  DKCIEPUMEHThl  MO3BOJIAIOT  OYEPTUTH
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npobiiemMy. J1o OyneT oKa3aHo Ha HAIIUX IIpUMepax.

[Ipn wncnonp3oBaHuM (U3UMYECKUX METOJOB TaKXe KOH-
CTaTHPYIOT 00paTUMOCTH. /)11 HEKOTOPBIX MHHEPAJIOB BHICOKOE
JaBJICHUE W BBICOKAs TEMIIEpaTypa MPOM3BOAAT PEakuuio 13Al +
1H :=: 14Si. C 1pyrumu MHHepaiaMy Ha000poT: 14Si - 1H :=: 13Al.
3aMeTHO, YTO HE CIy4aiiHO, 4TO HAIIPaBJICHHE PEaKIINU CBA3aHO
¢ pH ckampHO# mOpOABl (OOJBIIMHCTBO CKAIBHBIX ITOPOJ
cozmepxat O6onee umu menee Mg, Ca, Na, K), u cuurarort, uto
CKaJIbHbIC MOPOABI MMEIOT KHCIOTHI, KOTOpPBIE COAEpXKAT IO
MeHbIei Mepe 52% kpemHesema. OTciona, 00nIue MEeI0IHOro
WIN ILIEJOYHO-3€MELHOTO 3JIEMEHTa HM3MEHSET OCHOBHOCTB
CKaJIBHOW TOPOABI, ACHUCTBYeT Kak '(Guroc', MpHYeM TOYKH
9BTEKTHKH CMematoTcs. i TaHHOH TeMIepaTypsl IUIaBICHHE
TOpHOW mOpoAbl OyJeT MpPOMCXOAUTH IIPHU IEepEeMEHHBIX
JaBICHUSX, KOTOpble OyAyT ONpenemnsTh HalpaBJICHHUE
cvemenns H wmmm O. Torma MOXKHO TakWe pEakIMH CXe-
MaTHUYECKH NPE/ICTABUTH C MOMOIIBIO TaKOH 3aITUCH, KaK: +H*
13Al . i4Si (MBI YBUIIUM, TTIOYEMY - 2-1 TOM - OHa Ipo-

-H

WCXOJIUT JIErye B HanpaBieHuH 13Al uSi u mouemy
Takpue peakuuu, Kak i2Mg + 1H 13Al wim uSi + 1H 15P
HEBO3MOXKHBI M HHKOrJa He HaOmomatorcst npu dddexre
KepBpana', KoTopbIii HEKOTOPBHIM 00pa3oM obanaet 3G heKToM
'MSTKOCTH', TTOCTETICHHOTO IABJICHUS, TOTAA KaK IIPH PE3KOM
yZape IpoTOHA, OCIaHHOTO ¢ OOJIBIION 3HEPTHEH, 3TOT NPOTOH
MOXET BHEIPHUTHCS B JIIOOOE SIPO, €CIM €ro SHEprus yjaapa
JOCTaTO4YHA (HO MOJBEp)KEHHBIH TakUM oOpa3oM 'arpeccuu’
HYKJIHI pearupyer 3a Oojiee WM MEHEe UIMTEIbHOE BpeMs U
BHOBb  BO3BpalllaeTCsl K  PAaBHOBECHIO  IOCPEICTBOM
PaaroaKTUBHOIO U3ITYUCHHS).

Mpbl XOTenW NPEeACTaBUTh psi OOMIMX NPHHIUIIOB 3TOTO
SBJICHUSI, YTOOBI HETIOCPEICTBEHHO BOMTH B KypC TEPBBIX IJIaB.
HacrauBasi Takke Ha OrpaHHYEHMSX, YTOObI 4YHUTATENb HE
IBITAJICS KCTPAIOJIMPOBATH ONMCAHHBIE PEaKIMW Ha JpyrHe
orepaTHBHbIE yCJIOBUs. HanmoMHHMM, 4TO HHMKOTJa HE HY)KHO
TEpSTh U3 TOJIsl 3PEHUS] OCHOBHOW NMPHUHIMIT HAayKH, KOTODPBINA
TJIACUT O TOM, YTO BCSIKOE IPABHJIO TIPUIOJHO TOJBKO B paMKax
CUTYalMi, MOJOOHBIX TEM, KOTOPHIMHU MOJIb30BAJIMChH MPU €ro
YCTaHOBJICHUH.

WHpIMH cltoBaMU, PUMEM TpaBHiIa KIACCHYECKOH (DU3HKH,
KOT/1a OHH SIBIISTIOTCSl WJIM Ka)KyTCsl XOPOIIO YCTAaHOBJIEHHBIMU
(OHM JaJeKu OT TOro, 4TOOBI OBITH TaKOBBIMHU Bce). Ho TombKO
KOT/Ia MCTIONb3YIOT IPOTOKOJIBI JUISl OCYIIECTBICHHUS METOJOB,
AHAJIOTUYHBIX TEM, YTO MOCIYKWIU JJsl YCTaHOBJICHUS 3THUX

IIPAaBUIL
He Oynem mbITaThCs 3KCTPANOIUPOBATH UX C JIETKOCTHIO Ha
CUTyallUd, TIZI¢ MHCIOJIb30BAHHBIE CPEICTBA  IIOJIHOCTBIO

OTIAMYAr0TCA. B 3THX MOCHeIHNX CIIydasx TOJBKO SKCIEPUMEHT
MOJKET PEIINTh BOIPOC O NMPHUTOJHOCTH WM HENPUTOTHOCTH
HpeABIIYIINX MpaBul. Benkue GU3MKH 0CO3HAIOT 3TO U 4acTO
00 3TOM roBopsT. JloBOJIEHO 3a0aBHO OTMETHUTB, YTO MHOXECTBO
(PM3MKOB, CITUIIKOM Y3KHX CHEIUAIHCTOB, PEJKO 3TO TOHUMAIOT
(v HyXHO NM TIpUHUMaTh cyxaeHue Anexcuza Kapema: '3a
CIICIMATM3ALHIO. .. [UIATAT OFPAHUYCHHOCTBIO yMa' ?).

Bor mouemy 3neck mpenctaBieH HaOOp HEys3BHMBIX,
BOCTIPOM3BOJIMMBIX  JIOKA3aTEIbCTB, IOKA3BIBAIOIINX, HYTO
METOAMKH, HCIIONb3yeMble KJIaCCHYeCKOH (pu3mMKOi, HE MOTYT
JIaTh 3TON MOCIeTHEeH BO3MOKHOCTh IMETh CBOIO TOUKY 3PEHHUS
Ha TpeaMeT, KOTOpbli MBI BeIsBWIM B 1959 r. IlocranoBka
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OIIBITOB C TEX IOp OblIa YCOBEPIIEHCTBOBAaHA, N3MEHEHA, B HEH
UCIIOJIb30BaHbI HanboJIee COBPEMEHHbIE IPHUOOPHI, U MBI XOTHM,
4TOOBI 3TOT TEKCT OT 1974 T. MOCITY>KHII COTUIHON CTapTOBOU
OCHOBOW JUIsl LINPOKUX KPYTOB (DM3UKOB, CIETYIOMINX 32 HUM IO
clienaM IMHOHEPOB, KOTOpbIE B TEYCHHE HECKOJBKHUX JIET B
opUIHANEHBIX OMOJOTHYCCKUX W (U3MUYECKUX JIaOOPaTOPHSIX
HOJTyYHIIA HECKOJIBKO HOBBIX 3JIEMEHTOB, O KOTOPBIX pedb OyzxeT
Jajplie.

Ho MHoroe ocraercs eme chenaTh; OTKpPBIBae€TCS HOBas
oTpacib (HU3MKH, W OHA IpeIJIaraeT HOBBIC IIyTH B TOM, YTO
kacaercs Owomormu. MccnenoBartenu, KOTOpble ToJaMH
TOITYYTCSl HA MECTE, HEe BBIXOJSl HU HA YTO HOBOE, TENEPb BUASAT
nepenl co0OH IBEpb, KOTOPYIO MBI MOMBITAIUCH MaKCHMaIbHO

OTKPBITH, YTOOBI OHH  OUYYTHIHCH IIepel  IIUPOKHUMHU
TOPU30HTAMHU, COBEPLICHHO HEU3BECTHBIMU [0 IIOCIEAHEro
BpPEMEHHU.

S cobpam B 3TOH KHHre CYTh TOYHBIX SKCIEPHMEHTOB,
KOTOpBIC OBUIM TpOJENaHbl I JOKa3aTenbCTBA CyIIe-
CTBOBAHUS TPAaHCMYTallMil COBEPIICHHO OTIMYHOHN MPUPOIBI OT
TOM, KOTOpast M3y4aeTcs KIACCHISCKON SAepHOI (PH3HKOH.

OTO ABISETCS B HEKOTOPOM CTENEHUW HAyYHOW OCHOBOH,
HayduHasi ¢ KOTOPO MOKHO MEPEXOAUTH K IPUMEHEHUSM.

CylecTBYIOT W Jpyrue, MHOTOUYHUCICHHbIE HaOI0JCHUS,
YacTO IIEPEKPOCHHBbIE TIIOOAIBHBIMU JKCIIEPUMEHTAMH, HO
KOTOpBIE HE CTAd OOBEKTOM IMOJPOOHBIX CHCTEMAaTHYECKUX
HCCIIeIOBaHUM, JOBOJBHO OOCTOATEIbHBIE, YTOOBI S MOT
yIBEpKIaTh, UYTO pPEAKUUH, KOTOpble OOBSICHAIOT 3TU
HaOMIOZCHNUS, NEHCTBUTENLHO MMenn Mecto. Cpeam Ipodmx
CYIIECTBYET BOIPOC MPOUCXOXKACHUS 3JIEMEHTa, HAWIEHHOTO B
M30BITKE, KOTOPOE MOTJI0 OBl OTJIMYATHCS OT TOTO, YTO MOKHO
ObuT0 OBl MOAYMAaTh MPEKAE BCETO IO AHAJIOTHH. DJIEMEHT,
KOJIMYECTBO KOTOPOTO YBEIMYMIOCH, MOT MPOUCXOIUTh HE U3
3JIEMEHTA WM 3JIEMEHTOB, YMEHBIICHHE KOTOPHIX ONPEIEICHO
AQHAJTN30M, TaK KakK MMEeTCs, BO3MOXHO, IPYroil aneMeHT, At
KOTOPOTO HE IPOBOJIMIOCH KOJIWYECTBEHHOE OMpEIeNiCHHE U
KOTOPBIM TaK’KE€ YMEHBLIWICS.

BepositHo, 3T0 Oyner ciydaii cepsl, ¢ocdopa, a3oTa,
yIJepoJia, 4ero s TOJIBKO ClIerKa KOCHYCh B HacTosIIeil paboTe.
Mowu uccnenoBaHus 10 AHHOHAM He TaKhe MHOTOYHCIICHHBIE, U
ux Tpedyercs 3aBepmuTh. MoWm yCWIUs OBUIH OCOOCHHO
MOCBSIILIEHBI HECKOJIBKUM KaTHOHAM. DTHM OOBSICHSETCS TO, UTO
B IIEJIOM HCCJICIOBATEINHN, KOTOPBIE CTPEMIUIICH IPOBEPUTH MOU
paboTHI, OHM TOXKE BHECJIN BKJIA/I B PACIIMPEHNE UCCIIEIOBAHUN
1o KaThoHaM. BepositHo, 310 Oyner ciywail cepsl, ¢ocdopa,
a30Ta, YIJIepo/a, Yero sl TOJBKO cJerka KOCHYCh B HaCTOSIIEH
pabore. Mou wuccienoBaHMS IO AaHMOHAM HE TaKHe
MHOTOYHCJICHHBIE, U UX TpeOyeTcs 3aBepIIuTb. MOH yCHINS
OBUIM O0COOEHHO TIOCBSIIEHBI HECKOJIBKUM KaTHOHaM. OTHM
OOBSICHAETCSI TO, 4YTO B IIEJIOM HCCIEIOBATENH, KOTOpHIE
CTPEMUIIUCH IPOBEPUTH MO PabOTHI, OHU TOKE BHECITH BKJIA B
pacimpeHue UCCIIeI0BaHUH M0 KaTHOHAM.

B cooTrBeTcTBUM € O3THM A MpOIIy YUTATeNs B CBOMX
pasroBopax, CBOMX COYMHEHMSAX HE CUYMTaThb HAy4yHO YCTa-
HOBJIGHHBIM, YTO PEaKIUM, NMPHUBEACHHbIE B ATOM KHHUIE Kak
olpeJieJIeHHbIe, SBISIOTCS TAaKUM 00pa3oM CHpPaBOYHHUKOM
IJIaBHBIX HEOCIIOPUMBIX TpaHCMyTaluid. BrioiHe BeposTHBIMU
SBISIFOTCS M JpyTHe, (PaKTHIECKH MO Pa3HBIM COBIAJAIOIINM
HabmroneHusaM. Jlpyrue SBISIOTCS BO3MOKHBIMHU.

Ho B ob6mactn BO3MOXXHOTO HYXHO OBITH OCTOPOXXHBIM WU
CIJIPHO HACTaWBaTh HAa TOM, YTO 3TOT IPHU3HAK B HACTOSIIEE
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BpeMsI SBIISIETCS el1le CyObEKTUBHBIM.

Kak ciiencTBue, BBICKAa3bIBAETCS MPEAOCTEPEKEHHE NPOTUB
HEKOTOPBIX ~ AKCTPANOJIALUHA, BCTPEYAIOIIUXCS B  Pa3HbIX
paborax, KOTOpBIE COBEPILICHHO HE OTPaXkaloT Moe MHeHue. J{o
CEeT0 BpEMEHHU B OMOIMOTEKaX M0 BCEMY MHPY UMEIOTCS pabOTHI
[0 MEIOWLUHE, TUETCTHKE, CEIBCKOMY XO3SICTBY, I'COJIOTHH,
¢unocoun u T.1., B KOTOPBIX, HHOT/Ia HA MHOTUX CTPaHHIAX,
M3JIAaTaloTcs MOHM pPabOTHl CIMIIKOM CXEMAaTWYHO, HHOTZA
HerouHO. CyInecTByeT uelioBe4ecKas CKJIOHHOCTh, KOTOpas
cocTOHUT B 00OOIICHUH, MHOTIA B CIMIIKOM IETCKOH MaHepe.
Jaxe ecnu peaknus omnHcaHa TOYHO, 00OOIIEHHE SIBISETCS
ommOkol. OHa MOXET NPOUCXOIWTH TOJNBKO B YCIIOBHSX,
CO3JJaHHBIX JUISi OKCIIEPUMEHTA, KOTOPBIH IMOCIYXWI IS ee
ocymecTBiieHns. MinmrocTpannio 3ToMy MBI YBUAUM B IJIaBe
'Cenbckoe  XO34HCTBO' 1O MOBOAY  pa3iHuusl  MEXOY
KaJble(DMITBHBIMU U KaJTbIIC(OOHBIMH PACTCHHUSMH.

UwnTarensaM HACTOSILIEH KHUTH, KOTOPbIe OyIyT UMETh TAaKUM
00pa3oM TOYHOE TIpPEeNCTaBICHHE 00 ITOM SIBJICHHH, CIEIAYyeT
BCET/Ia COBETOBaTh CBOMM coOeceqHHKaM '0OpaTHThCS K
HCTOYHMKAM', TTOJy9HUTh, UM TOXE, IPEICTABICHHE O TOM 4YTO
CJIelyeT HIXKe, HE ToJIaraTbCs Ha TO, 9TO OHU YUTAJIN B IPyTOM
MECTC, 3a JAPYIruMU MNOAINUCIAMU. Ectp KHHUTH, B KOTOPBIX
paccMaTpuBaroTCsi MOM paboThl TOUHO. Cly4aioch, 4TO aBTOPI
MNpeaACTaBJIAIN MHE CBOM TEKCT nepea 7€M, Kak €ro Hamneyararhb.
Takum o0OpazoM s MOI' UCIIPaBUTh BCE Ciy4ailHble OIIMOKH,
JIMKBUAUPOBATh BCAKYIO CJIHMIIKOM BOJIbHYIO HHTEPIIPECTALIUIO,
MOT'YIIY0 BBECTH YHTaTels B 3a0myxaenue. Ho aTo cocrasmsier
JWIIb MEHBIIUHCTBO, U MHE BpPEMS OT BPEMEHH COOOIIAIOT O
TEKCTaX, O KOTOPBIX S HE 3HAal0, KOTOPHIE CIHUIIKOM
CYIIECTBEHHO HCKa)KalOT MOM palOTHI, Halle BCEro YHCTO-
cepaeuHo. Ho ciydarorcs Takke HaMepeHHbIE LHMHWYHBIC
UCKXCHUS, JeQopManny, NPOAWKTOBAHHBIE 3aWHTEPECO-
BAaHHBIMH HHM3KHMH COOOP2)XEHHSMH M JaXe€ OTKPOBCHHOU
HEYECTHOCTBHIO. YYEHBIE - 3TO TAKUE XKe JIIOAU, KaK U JIpyrue, ¢
HUX JOCTOMHCTBAMHU U HCOAOCTATKaAMH, U UX MOpaHLHLIﬁ YPOBEHb
He uMeeT Hudero obmero ¢ Haykoii; 3To 6osbliast pa3HuIa...

Bot nodyemy Hy>XHO Bcerna OBITh HaueKy, KOTJa HMeeTcs
MH(QOPMAIUS TOJIIBKO U3 BTOPBIX PYK.

51 me Oyny pacckasblBaThb 3/1eChb O HaONIONEHUSX, O CH-
CTEMaTHYECKUX OJKCIIEPUMEHTAX, SBJIAIOUINXCS CIIEACTBHEM
MOUX COMHEHHH U KOTOpBIE NPHUBEJIN MEHA K yOSKIAESHHUIO, UTO
€CTh TaKH TPAHCMYTALlMH, KOTOPHIE HEBO3MOXXHO BTHCHYTH B
IpaBHiIa KJIACCHYECKOH HayKu. Sl caenan 3To paHee.

B ny6nukamsix ¢ 1936 mo 1939 r. 1 mokasan ¢ mMOMOIIbIO
HKCIEPHUMEHTOB, MPOBEIEHHBIX HA YENOBEKEe, YTO 3TOT IIO-
CIIE[IHUA He pearupyeT Ha OSIEKTPUYECKUH TOK COIIacHO
3aKOHaM, KOTOPHIM Hac o00y4aau B IIKOJaX WHXEHEPOB-
JNIEKTPUKOB WIJIM B Kypcax [0 JJIEKTPUYECTBY BBICIIETO
00pa3oBaHMs. ITO TTO3BOJIMIIO MHE OBITH Y HCTOKOB IIEPECMOTpa
(ckopee, MOJHOTO NMpeoOpa3OBaHMs) HAIIMX MPENIUCAHUN MO
NPEeIYNPeXICHUI0 HECYAaCTHBIX  CJIydYaeB, CBS3aHHBIX C
JNIEKTPUYECTBOM.  XOTS ~ MOMMH  NEpPBBIMH  JIETAIBHO
pa3paboTaHHBIMU JIEKIUSIMH  Oblmu  'PeHTreHoBCKHe Jryud'
Mopuca Jle Bpoiins (u3gannsie B Journal de Physique - 1922),
OHAKO 51 OBUI B Kypce IOCTHXKEHHH, MOJIY4YEHHBIX MpHU
W3yYeHHH, NCIIOIB30BAHUH 3TOTO U3IYUECHUS, M ICXOS U3 3TOTO
(akta, S TaM TOXE NPEATOKII OIHY MOAU(PUKAIUIO K
permamenTtanuu 1934 1., B KOTOpO# OKa3bIBaJOCh B HAaWBHOU

BmecTto Havyana
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dopme noBepue '3HaHHMIO' Bpaya, KOTOPHIH HE IIOJIYYHI
HHMKaKoro o0pa3oBaHMs, JOCTOHHOT'O ATOT0 Ha3BaHUS, 110 3TOMY
IpeaMery.

Takum 00pa3om, s CO3HaBajJ, C TOrO BPEMEHHU, OMACHOCTH
SKCTPAIOJISIIAN HEKOTOPBIX 3aKOHOB (DM3MKH Ha YEIOBEUECKUN
opranmsM. Sl Haxonwics Toraa B JIMOHCKOM Okpyre. Ilo momry
CIy’)kKOBl M CBOHWX HCCIEINOBAaHWI s OBUI TarKkKe XOPOIIO
OCBEOMJICH O [eHCTBMM Ha 4YElIOBEKa M JKHBOTHOE
MOHI3HUPYIOIINX H3JIydeHNH, HauOoiee ONMAacHBIMH HCTOY-
HUKaMH KOTOPBIX OBUIM PEHTI'€HOBCKHE JIyYd W ITPHPOIHBIC
paZMOaKTUBHBIE BEIIECTBA, IPUUYEM MCKYCCTBEHHas paJuo-
AaKTUBHOCTh B TO BpeMs HE MMeNa NPHUMEHEHHs U OrpaHu-
YHBAJIACh MaHUITYJSIUSIMU B HEMHOTOYHMCIICHHBIX (pU3NYECKUX
nabopaTopusix; OJHAKO s ObUI  yAWBIEH  HE3HaHUEM
npodeccopoB 0 OHOIOTHYECKHX MOCIEACTBHAX, O KOTOPBIX OHU
HE MIMeJIU [TOYTH HUKAKOTO MOHSTHUS, BeJlb OMOJIOTHs He OblIa NX
npodeccueii...; HO ydJammecs, JaOOpaHTH W3- 3a HE3HAHUS
OomacHo oOOmy4anuch. S BHIEN, YBB, MHOTO HECYACTHBIX
Clly4aeB, MHOTHE W3 KOTOPBIX 3aKaHUYMBAINCh OBICTPOH
CMEPTEIO.

51 BHUMATENbHO cIEua 3a paboTaMH, BBHINOJHSIEMBIMH B
Wucrutyte aroMHOW (DM3MKH, KOTOPBIMH pyKoBoawil B JInone
XKan Twub6o. OmacHOCT, PEHTICHOBCKUX Jy4ed ObLia TOTAa
XOpOLIO M3BECTHA, INPHYEM IHOHEPHl M ObUIM IIEPBBIMU
XKepTBaMHU; OJJHAKO Macca I0JIb30BaTesIel 4acTo 10 He3HAHHUIO,
YacTo 10 HEOPEKHOCTH MPUHUMAIIN TOJIBKO HILTIO30PHBIE MEPHI
MPEJOCTOPOKHOCTH, M S BMEUIMBAJICS, YTOOBI MOJIYYHUTh
3G PEKTUBHYIO MPEBEHTUBHYIO PETJIAMEHTALHIO, & TAKXKE YTOOBI
3aMUTUTh (U3UUECKUH W MEIWIMHCKUH HEepCOHAN, KOTOPBIHA
WCTIONb30BAJI  pPaJHOAKTHBHBIC  BEIECTBA, HE  pa3iIHdas
NPUPOJHBIC BEIIECTBA W HCKYCCTBEHHBIC pPaJANOW30TOIBI,
notroMy uro JKommo- Kroopu B 1934 r. mokazan, yto mnpu
HCKYCCTBEHHBIX TpaHCMYTaLUsX, U3BECTHBIX ¢ 1919 1., MOXHO
TaKXe MOIYy4YNUTh PaJUOAKTUBHBIE BEIIECTBA, HE CYIECTBYIOIIHE
B IIPUpOJIE.

Cpasy mocne BOWHBI, OKOHuUMBIIEHCS B 1945 1., a1 OblT
npusBaH B Ilapuk Kak €IUHCTBEHHBIM HAy4yHBIM YIIOJHO-
MOUEHHBI NPU MHHHUCTEPCTBE, YTOOBI NPEJCTABIATH €r0 BO
BCEX MHHHCTEPCKHX U  MEKMHHHUCTEPCKHX KOMHCCHSX,
KOTOpHIM OBbllIa IOpy4YeHa KakK pa3 3aluTa OT AEHCTBHSA
panuain. B cBs3n ¢ 3TUM 5 ObUT Ha3HA4YEH MOCTAHOBICHUSIMHU
WICHOM JIPYTUX MEXKMHHHUCTEPCKHX KOMHUCCHH, PYKOBOAMMBIX
JPYTUMH MUHHCTEPCTBAaMM (BHYTPEHHHX JE€N, TPaXJaHCKOU
3alIUTHI, OTAEIOM, 3aHUMAIOUIMMCSI YTpO30H  aTOMHBIX
OOMOapIMpPOBOK WM XpaHEHWEM - T0J CBUHIOM -
PaZMOAaKTUBHBIX BEIIECTB, KOTOPBIE MOTIIH OBl BBICBOOOIUTHCS
mpu moxkape; MHHHCTEPCTBOM OOIIECTBEHHOTO 310POBBS;
MIPOMBIIIJICHHOCTH; YIOPSAOYEHHE MaTepHalioB U YCTaHOBOK
JUTA IPEAOTBPAIIEHUS ONTAaCHOCTH U T.J.) S GBI TUPEKTOPOM IO
BHEIITHUM CBSI35M; T€HEPaJIbHBIN IUPEKTOP MUHICTEPCTBA OBLI,
B KOMHUCCHAX 3TOrO MUHHUCTEPCTBA, HA3HAUEHHBIH TEMH K€
MOCTaHOBJIECHUSAMH, YTO U S, KaK NPEJCTaBUTENb LEHTPAIbHON
aJMHMHUCTpAllMY, B Ka4eCTBE HE HA3BAHHOI'O 10 UMEHH, TOrJa
Kak MHE B JIMTYHOM KadecTBEe ObUI MOPY4YEeH HAy4YHBIH ACIEeKT
BCJIC/ICTBE MOUX DPa0OT B 3TOH 00JACTH, HACUMTHIBAIOIINX
Toraa ctax no 10 ner.

Hanenenusit 3TUMU QYHKIUSAMH, S MOT 3aIPOCHTH MHEHHE
(mHOTZIA O0O0s3aTeNbHOE) W BBI3BATH JIFOOOTO  HAYYHOTO
crieruanvcTa Gpusznka, OuoJIoTa u T.J. TI0 0Y€Hb Y3KOMY BOIIPOCY.
S mor 3ampammBaTh MHEHHE TOJBKO Hamboyiee KpPYHMHBIX



K.J1. KepBpaH. [JoBoabl B GUonorum TpaHcMyTauui npu crnabbix aHeprusax. YacTb 1

CIELUAINCTOB HalMOHAJbHOro Macutaba. Takum oOpaszom,
BOIIPOC HE COCTOSUI B IPUTJIALICHUH KaKoTo- MO0 mpodeccopa
WJIY UCCIIeI0OBATEIs], 1ake HadalbHUKa J1ab0paTopuu OOJIBIIOTO
MHCTHUTYTa WIN LIEHTPA HAYYHBIX HCCIICAOBAHUM, SIEPHBIX WA
IpyTuX. Y MEHA ¢ HUMH He OBUIO HMKAaKOTo O(HINAIBHOTO
KOHTAKTa; OHM MEHS HE 3HAJIIM. TO e OTHOCUTCS U K aHOHUMHOHN
Macce MHOTHUX ThIcad (u3NKOB. ToIbKO 0cOOBIe 00CTOSITENHCTBA
MO3BOJSUITM  MHE, B JIMYHOM IIIaHE, KOHTAKTUPOBATh C
HEKOTOPBIMH JIIOJJbMH 'U3 HU30B'. 5] TaM HaXOIWJI JFOJICH HHOT 1A
UCKIIIOUYNTEIBHBIX,  HO  OTPAaHWYCHHBIX  NPHCKOPOHBIM
KOH(OPMH3MOM, TONTABLIMXCS Ha MECTE B MX MOBCEIHEBHOU
pabore, MHOT /1A YIIABIIHMX AYXOM U Ja)e 00ECIIOKOCHHBIX CBOMM
OyaymM, Torga Kak HYXKHO CTOJIKO ClieNlaTh, YTOOBI MITH
BIEpel, 10 HOBBIM Iy TsM. Ecin Obl OHM MMenu Bepy, HEMHOT'O
TEpIEHUsS; pa3pelieHne COBPEMEHHOTO KpHU3HCa KJIACCHYECKOU
(u3MKK OyAeT HaliIeHO He TIOCPENICTBOM YBOJIILHEHUS THICSY U3
HUX ¥ TEPEBEACHUS MX Ha NEATENLHOCTh, MPOTUBOMOIOXKHYIO
TOH, KOTOpPasi MOCITy’KIJIa IPUINHON NX CTPEMIICHHS K (DU3HKE.
[Nocnennsis He cMoryia W30ekaTh IOCTYJIATOB, KOTOpHIE OHA
caMa BO3IBUIVIA, M Te, KIO0 WX BO3IBUT, HE XOTAT
KOHCTAaTHUPOBaTh IOPaXEHHWS H3- 3a CBoero ympsmcrsa. Ho
HeNb3s OBLJIO 0OblIe OOpPOTHCSA MPOTHB HEMPEOIOJHUMOIO
TEUSHHs: COBPEMEHHasl siiepHas (pU3HMKa JTOJKHA OOHOBIISITHCS.
Llenpro HacTOSILEH KHHUTHM SIBISIETCS TIOKa3aTh OJIUH ITyTb.
O6paruasic B Moit aapec B 1968 r., mpodeccop ecTeCTBEHHBIX
Hayk u3 CopOoHubl Pene ®opoH roBopui, 4To 5 '0bUT EPBBIM
HHCIIpoBeprareieM' pu myomkanuy Moux pabdor B 1959-1960
rr. Ho eme o MHOTMX MOMEHTaX NpPEICTOUT HOCIIOPHUTH; €I
NPEACTONT JUINTENbHasT paboTa il BceX (DPU3MKOB, KOTOpBIC
CMOTYT BBIWTH M3 ITOJYNHECHUS IPHHATHIX JOTM. Sl 3Haro, 9TO B
HEKOTOPBIX LEHTPaX SACPHBIX HCCICNAOBAHUH OBLIO MPHHATO,
YTOOBI YacTh BPEMEHM HCCIeOBaTeNei Oblla OCTaBIEHAa MM
CcBOOOAHON Il MF000T0 HCCIENOBAaHHUSA TTOMHUMO HaBSI3aHHOU
paboThl. DTO MO3BOIMIIO HECKOJIBKUM IPYIIaM YCTPEMHUTHCS IO
MYTH, KOTOPBIH s OTKpbUL. OHHM MOJYyYHIIM 3aMeyaTesbHbIe
pe3ynbTathl. Sl cenaro Ha 3TO HaMeK Jlalblie.

JuckyTupys ¢ KpYIHBIMH CIICHMAIMCTAMH, 51 HE MOT,
KOHEYHO, NPETEeH/I0BATh Ha OJIMHAKOBHIC C HUMU 3HAHHS B UX
001acTH; 3TO MOHATHO camo coboit. Ho MHOromucuumiInHapHas
CTOpPOHa MOEH AEATEIHHOCTH OO0s3bIBajIa MEHS BHUMATEILHO
CJIEINTH 3a pa3BUTHEM HAyKd. S| Mor, TakuM 0Opa3oM, UMETh
CYXJEHHE O COOOILICHHM, KOTOpOe MHE NaBald. S maske mor
JUCKYyTUPOBAaTh C KaXAbIM, OIpPEAENIATh TO, YTO OBUIO
NPaBWIBHEIM B €ro 3HaHMAX, YTO OMJIO TOJBKO BBIBOJAMH,
KOCBEHHBIMH  TOYKAMH  3pEHUs, OKCTPAIOJSIHUAMH U3
HaOmoieHui. Sl momyvan ¢ BeMYalliuM MOYTEHUEM M SKUBBIM
MHTEPECOM MHEHHE STHX BUIHBIX yueHbIX. Ho, mopasmbiciuB
HaJl HUM, Sl €ro 4Yalle BCero OTBEprajl, Tak Kak yaile BCEro
npaBuia, KOTOPBIMH OHH TOJIBb30BAJINCH, ObLIIM BBIBEICHBI W3
JKCIIEPUMEHTOB, IPOBEAAaHHBIX B  YCIOBHSX, CIHUIIKOM
OTJIMYAIOIINXCS OT TOTO, YTO TIPOUCXOANT B KUBOM OpTaHH3ME.
3TO BBIBBAIO KO MHE, YTO II0-YEJIOBEYECKH IOHSTHO,
BpaXJ1eOHOCTh YacTH HEKOTOPHIX MIMIIEK', OAWH W3 KOTOPBIX
nvcal, HarpuMep (s He HasbIBaro ero): 'Ho, HakoHel, ToCTIoIvH,
MBI YBEpEeHbI B Hamux nudpax'. 5 Bozpaxai, 4To aeio HE B €ro
CIIOCOOHOCTH K BBIYHMCIICHHSM, HO CAMH OCHOBBI, K KOTOPBIM OH
NpUMEHST CBOM [UGpHI, ObUM JMOO JIOXKHBIMH, JHOO
COMHHTEIIbHBIMU, W BBIYMCIICHHS Ha TaKMX OCHOBAHHUSIX HE
MOIJIM MeHsi 0OMaHyTh. J[a TMO3BOJMTCSI MHE NPHUBECTH OIIHY
320aBHYI0 UCTOPHIO. 3Hasl, YTO, YTOOBI OHU HE TOBOPHIIU, MOE, &
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HE UX MHEHHE BOCTOPKECTBYET, IIOCIIE MOETO YX0/a B OTCTaBKY
B 1966 r., 0JMH U3 HUX UMET OOJIBIIOE YJOBOJILCTBUE HOIYYHUTh
Y/IOBIICTBOPEHUE, HAINUCAB, YTO 5, HAKOHEII, ObUT 'OTBa)KEH' OT
KOMHCCUHM, IZie S NpaBWJl B TEUCHHE IOKOJIEHUS. JTO MEHS
1103a0aBMIIO, U 51 IPUHSI 3TO € yIIBIOKOH, BEI3BAHHOM MM, TaK Kak
3TO OBUIO ITOXBAJIOH, KOTOPYIO €TI0 MOCPEICTBEHHOCTh BO3/aa
MOEH AEATETHHOCTH Ha HAIMOHAJIHHOM YPOBHE IPOTHB LIOP
Ype3MEpPHOIl ClenMaNn3alyy, TOTAAa KaK 3Ta JIMYHOCTh, CO-
BEPIICHHO HEW3BECTHAs KaKUM-TNOO OTKPBITHEM, 3aHHMaia
CBOU BBICOKHE JIOJDKHOCTH Oyiarojapsi TOJIBKO ONpPENEIICHHBIM
'MCUXOJIOTMUECKUM KauecTBaM' - 3TO CIIydaeTcs - TOrja Kak OHa
ObU1a B JEWCTBUTENILHOCTH JIMILIEHA BCSIKOTO HAYYHOTI'O CMBICIIA.
Ho s nmpuHamnexan K OSTOH KaTeropuv 'MPOKISTHIX'
BBICOKOIIOCTABIICHHBIX rOCYZapCTBEHHBIX YHHOBHUKOB,
OOBMHEHHBIX B pErJIaMEHTallMK O00JacTH JesTeIbHOCTH,
NPUMEHUMOM 10 BCEH CTpaHe, COTIAaCHO CBOMM COOCTBEHHBIM
BO33PEHMSIM: KAKUMH ObI HU OBIIM MUHHUCTPBI U MTAPIAMEHTCKOE
OOJIBIIMHCTBO, KOTOPHIE MPOXOAAT, HUYETO HE MEHSAETCA B
JIVHUH UX TIOBEJICHNS, OHU BEYHBL...

Sl mpocnexwy miar 3a IMIaroM NPOABHXEHHE B CO3IAHUH
SANEPHON (QU3HUKH, OTHOCTHIO OTCYTCTBYIOLIECH B O(UIMATBHBIX
porpamMMax MOMX HCCJIEJOBaHMMN; TAKMM 00pa3oM, s MOJTy4uIl
Takoe e, 10 3TOMY HpeaMeTy, caMoo0pa3oBaHKE, KaK U Bce
nronu Moero nokoseHus. [1o poay Moux o0s3aHHOCTEH S MMe
JIOCTyn B Haubollee ceKpeTHbIe Jaboparopuu. S Buaen craprt,
KycTapHbIi, Hamero KomwuccapuaTa mo aToMHON »Hepruu:
coopyxenue Bo nBope Qopra lllaruiion Hamiero mnepBoro
atoMHoro peakropa ZOE; cTexiiomyBHble paboTH B KazeMaTax
dopta. B TO Bpems cCymecTBOBaJ NATOJIOTMYECKHH IICHXO03
ATOMHOTO CEKpETa..., KOTOPOro Y Hac He ObIII0, HO KOTOPHIi ObLI
y amepukanieB. CTEKIsSHHbIE TPYOKH THYJIM Ha TOpENKE Ha
CITyJalHBIX HOACTABKAX IO MIPEAJIOrOM TOTO, YTO HENb3s OBIIO
3aKa3aTh CTEKJITHHBIX M3JEJUIl Ha pBIHKE, TaK Kak IO
UCTIONB30BAaHHOMY CTEKJly MOXXHO OBUIO BBIBEJATh THII
XMUMHYECKON peakluy, KOTOPYI0 NpOBOAWIH... Bce sTomy
cootBercTBOBaJ0. B Komnex ne ®@panc XKonno-Kropu pabdoran
3a TOJCTOM [BEpbl0, 3amepToll M3HYTpH (TaK Kak ero
nmabopaTopun OXpaHATIacCh IEHb M HOUb, IPUYEM BCETAA KEM-TO
BHYTPH) TpeMsl HIMPOKHUMHU CTaJbHBIMH 3aCOBaMH; IPUYEM
Trepest ¥ 3a JIBEpPhI0 BCErja HaXOJUINCh 'TOPHILIBI .

N nockonabky s Bockpemaro B namsatd Kommo-Kropwu,
KOTOpBI KaK pa3 B 3TOT MOMEHT M3ydall HEHTpPOHBI (M TIO
HE3HaHHIO OMOJOTMYECKOro AEHCTBUS y HEro, B ero Jjabo-
paropun ObUIM CephEe3HBIE HECUACTHBIE CIIy49au: HECKOJIBKO €T0
COTPYIHMKOB TOTyYMIIN ABOMHYIO KaTapakTy Ha o0a riasa, mpu
pa3paboTke IUKIOTPOHA OT HEHTPOHOB, KOTOPBIX TOrna He
YMEIH XOpOLIO JIEeTeKTUPOBaTh, M s TOKa3aJl HEAOCTAaTKU
3aIUTHI), TO TI0 MBICJICHHOM aCCOIMALNH 5 TyMaio O €ro >KEeHe
Upen, nouepu Ilsepa u Mapu Kropu. OHa Oblta AUPEKTOPOM
PagmneBoro mHCTHTYTa, CO3IaHHOTO ee MaTepbio. [locmoTpeB ee
naboparopuu, s Iouiel B e€e KaOWHET, 4TOObI COOOLIUTH O

Ppa3JIMYHbIX OIIAaCHOCT:IX, KOTOPbIM NoABEpraiucChb €
COTPYAHUKHU. Tam HaXO0JHUJINCh CHy‘laﬁHHe YCTaHOBKU,
'CaMO,HCJ'IKI/I', KaKk BO MHOI'MX na60paT0pnﬂx, HO TaKX€ H
TIIATCJIBHO CACIIaHHBIC YCTaHOBKU, BBIIIOJTHCHHEBIC

CHELUAIN3UPOBAaHHBIMU  TIPEIPUATUSIME 110 TPeOOBAHHIO
HadalnbHUKOB ciayx0. IlocmemHme, Kak W yYCTaHOBIIUKU
npubopoB 1 060pynOBaHMS, NPAKTUIECKH HUYETO HE 3HAIU O
MPEIYyIPEXTCHUN HECYACTHBIX CIy4aeB M MPO(ecCHOHATBHBIX
Oone3Held, BBI3BAHHBIX PAJUOAKTUBHOCTHIO. Hemenenwue,
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HEOoOyMaHHOCTb, JOCAJHbIE NPUBBIYKH, 00YCIOBJICHHbBIE TEM,
YTO MPU CONPHKOCHOBEHUH C ONACHOCTBIO KaXIbIH JICHb U Ha
NPOTSHKEHUHU JIHS BHUMAHHUE MPHUTYIUIETCS, BCE 3TO MIPUBEIIO K
TOMY, YTO OHH C/EJNaIX MHOTO IOMEIIEHHH omacHbIMU. MpeH
Kommo- Kropu 00 3TOM Takke HAYETo HE 3Haja, JyMasi TOJIBKO
00 wmccnemoBaHmsAX, HO He o cebe. OHa mymana, 9To TMOJ
MIOKPOBOM CBOETO KaOWHETa, KyJa HUKOIJa HE MOMajano HU
OJHO paJHOaKTHBHOE BEIIECTBO, NpPHYEM 3amper Obul
a0COIIOTHBIM, U OH coOmonaics. KakoBo xe ObIIO yAWBIICHHE,
CIIEyIOIIee 3a CKeNTHYECKON YIIBIOKOH, KoTna s IOTpeboBal,
TEeM HE MeHee, NpPOMU3BEeCTH B KaOuHere wu3MepeHus. Sl
0ecroKOWIICS 10 JBYM NPUYKMHAM: 51 ObUT YJIMBJICH IIBETOM JIMLIA
Upen XKonmo-Kropu; npaktuka, KOTOPYIO 51 UIMEJ 10 JEHCTBHIO
palMOaKTHBHBIX BEIIECTB HA OpraHW3M, 3acTaBWia MeEHS
MOAyMaTh, YTO OHa OblIa Ype3MepHO oOiIyueHa, 4YTo OHa ObLIa
CHJIBHO TOpaXkKeHa; 5 CZAejaj COINOCTaBJIECHHE C 3aMEYaHUEM,
KOTOpOE I TOJIBKO YTO BBICKA3all 10 YCTAHOBKE BEHTHIISALUH U
KOTOpOe cpa3y OBUIO BBIMOJIHEHO, YIIPOIIEHHO M HA00OpOT, B
nojaBaje, B IOMEIICHWH C DPAJUOAKTUBHBIM 30JI0TOM; 3Ta
TSDKEJIast TbIIb, KOTOPYIO HY>KHO OBIIO OBI OTCAchIBaTh BHU3, HA
YPOBEHb ITOYBBI, TOJIBKO IOAHUMAIACh BBEPX C YPOBHS TI0JIa HA
BBICOTY JBIXaTENBHBIX MyTeil U BhIOpachkIBajach BO JIBOP, MOJ
okHo MHpen XKomumo-Kropu. Cuetunk ['elirepa oOHapyxui
MOCTYIUICHUE B BBICIICH CTENEHM OMacHOM a03bl. ATMocdepa
KabuHera OBbLIa OMNACHOM, M CYETYUMK OOHAPYXKWI, YTO
panuMoaKTUBHAs MBI coOupajach B Ia3ax CTaporo Imoja,
HaTCPTOro, BBIMBITOI'O, Ha BHUJ YHUCTOr'0, HO COJACPIKAILIECTO B
nma3ax OONBIIYI0 OIACHOCTh, TAaK Kak OHM HHKOTAAa He
ounianucs. MHCTUTYT, Kak 3TO 9acTo ObIBaeT, ObLT Oe€mcH;
MaKCHMyM KpPEIWTOB IIJIO Ha HCCIEIOBaHHE; MPAKTHYCCKU
HUYEro He OCTAaBaloOCh Ha Mephl Oe3omacHOCTH. S moOynun ee
MOJTyYUTh HEOOXOAMMBIE KPEIUTHI, U1 TOrO YTOOBI IpOJeIaTh
HeoOxoanmble pabOTHl U 00ECIICUYUTh KOHTPOJIb, TPOBOJUMBIN
CIieajJbHbIM MTPOMBINIJICHHO-CAHUTAPHBIM Bpaydowm,
OCHAIIIEHHBIM COBPEMEHHBIMH JETEKTHPYIOUINMH MPHUOOpaMu.
Bce at0 OBIIO cAenano. YBBI, S MPUIIET CIUIIKOM MO3THO, TaK
Kak MeHee 4eM 4epe3 T/ 3Ta BeNHKas yueHas yMepiia - )kepTBa
3TOTO0 KyMYyJIHPOBAaHHOTO ACHCTBHS paJlMOAKTUBHBIX 3P (HEKTOB,
KOTOPBIC TMOpAXarT HUCHOATHIIKA. Kor):[a X YYyBCTBY€LIb, TO
y’Ke CIMIIKOM 1o3/1HO. Bee mcenenoBarenn u pabOTHUKN 3TOTO
MHCTUTYTa TIO/IBEPTAJMCh MEPHOIUYECKOMY MEIUINHCKOMY
KOHTpOJIIO; TaK e Kak M Yy4eOHble, HCCIEIOBaTEIbCKUE U
MPOMBIIUICHHBIE YUPEKACHHS, B KOTOPBIX IIEPCOHAT TI0/IBEPKEH
00JIy4eHHI0; KpOME KOHTPOJIS C MOMOUIBIO WHAWBHUIyaJTbHOU
TUICHKU WX JO3UMETPA, KOTOPBIC MTOCTOSIHHO HOCAT B 3TUX I10-
MEIIEHNIX, HeOOXOAUMO IMPUCTYIATh K IOJICYETY KPOBSHBIX
Tenel, Mo KpaliHed Mepe Kak/able IIeCTh MECSIeB - B
3aBUCUMOCTH OT HKCITO3UIUH - YTOOBI OOHAPYKUTH Ha HanboJjee
paHHEN cTaguy BO3JEHCTBUE HA KPOBb, UTO JIETKO YCTAHOBUTD.
W3-3a moero YHHUKAJIBHOTO BO (DpaHHI/II/I IIOJIOKCHUS HA CTBIKE
(u3MKH 1 OMOJIOTMH MEHS ONIPOCHIIN IIPEJICTABUTH MOH PabOTHI
JUIst BBICIIero oOpaszoBanus. BeiencTeue HenocTaTka BpEMEHH 51
HE MOI' TIpHHATH Bce NpockObl. lMmeHHO mosTOMYy B
HannonansHOI 1mIKose HCKYCCTB U peMecet s CMOT IPUHUMATh
TOJIBKO YCTHBIHM 9K3aMEH JIBa JIHS B TOALY; 51 HAPaBHJI OJTHOTO U3
MOUX COTPY/AHHKOB MpPOYUTATh KypC B HECKOJIbKO YacoB B
HCACIIO W TMPUHATH Y4YacTUEC B IIMCBMCHHOM JKHOpH. Ha
[TapmxckoM MeITUITMHCKOM (haKyJIbTeTe 51 TAKXKE yJacTBOBAN B
YCTHOM KIOPH Ha CepTHPUKAT TO CHEMUATBHOCTH. MeHs
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MPOCHIIH O Kypcax Jiekiuii Ha [TapmkckoM dakyibTeTe B Kave-
ctBe 'mpenonasatens'. Toraa kak B OJHOM HMHCTUTYTE, MPSIMO
M0/IBEIOMCTBEHHOM [lapiyKCKOMY YHUBEPCUTETY, 51 YUTAJ KypC
B TPHUILATh YacOB B TOJ B KaueCTBE 'PYKOBOIMUTENS JICKIIMA'.
Takum 00pazom, MOe UM MOXKHO OyZeT HalTH B CIIPaBOYHHUKE
npernonaBateneit Tlon. Hayk'. Kpome Toro, s momxeH ObLT
HATIPaBIIATH JESTEIHHOCTH IPOMBINUICHHO-CAHUTAPHBIX BPayei.

B Teuenme gBammaTH JE€T, TOCIEAOBATCIBHBIMH MH-
HUCTEPCKIMH IIOCTAaHOBIICHHAMH, 5 OBUI OOJeUeH JTHMHU
HaYYHBIMH (QYHKIHSAMH, IO MO OTCTAaBKH.

Ecmu 6b1 3 (ekTHBHOCTH MOCH JAEATCIBHOCTH HE MpPH-
3HaBaNach, s Obl HE BBIMOJHSI TaK JIOJNTO Takue (yHKIIUH,
KOTOPBIC BO30OHOBIISLITUCH KaXK/IbIE TPHU I'0JIa, M IUYHO JIJISI MCHS,
a HEe MPOCTO B KayecTBE KOro-to. S moiydywmna omoOpeHwme
KPYHHBIX YYEHBIX, KOTOPbIE 3aHUMAJIA CBOM MOCT TOJBKO MO MX
HEOCTIOPUMBIM KauecTBaM. OHU 3HAJIU, YTO OHU HE 3HAJIM BCETO.
OnH# OBUTH 3HAKOMBI C SKCIIEPHUMEHTAMH, UCXOIS M3 KOTOPBIX
OBUTH YCTaHOBJIECHBI KIacCHYecKre 3aKoHbl. OHHM OTKa3ajwCh
OTOPOCHTH MOHW pe3yNBTAaThl, MOJYYCHHBIE B OTIMYIAFOIIUXCS
OTICPATUBHBIX YCIIOBHSIX.

Bor nouemy oHum MeHs noanepxkanu, koraa B 1955 r.,
BCIIEICTBHE psiia CMEPTENbHBIX CIIy4daeB, MPOUCHICANINX B
OYEHb CX0KHX YCJIOBHUSX, U MOCJIE U3YUYCHUS TaHHBIX BCKPBITHUS,
sl BBICKa3aJl COMHEHHUSI O MPUTOJHOCTH HEKOTOPBIX HAYUYHBIX
3aKOHOB, TPUMEHEHHBIX K YEJIOBEKY: 3/IECh MHE MTOKa3a10Ch, YTO
HMEHHO XMMHS He Obla CriocoOHa 00BSICHUTH ITH HAOTIOICHUS;
HAJTUIO SABJICHUEC CYOMOJICKYISIPHOE, MOYKET OBbITh, Cy0aTOMHOE,
CJIeZIOBATEIBHO, ¢dusmaeckoe, peanmmsyemMmoe JKUBBIM
opranm3MoM. Torma s TpPEANPUHAT  CHCTEMATHICCKHE
WCCIICAOBAaHMUA TPH MOIACPKKE OOJBIINX TOCYJapCTBCHHBIX
nmabopaTopuii, KOTOpbIe OBUIH OTKPBITHI IS MEHS Ojaromaps
MonM pyHKIHIIM. B 1959 1. cocTostmock pacnpocTpaHeHIE MOMX
B3TIAMOB. TakuM o00pa3oMm, S BEICKA3alCs TMPH IOJIHOM
IIOHUMAaHUM HEJIOCTOBEPHOCTEN U JOCTOBEPHOCTEM sAJIEpHOM
bu3HuKH.

BcenenactBue Moero MOJIOKEHHsT S MOT  PaclpOCTPaHsITh
oQUIMALHEIM IMyTeM HEKOTOPhlE NPUMEHEHHS MOUX HC-
CIeIOBaHUN [N  aJMHHHUCTPATHBHBIX CIY)KO HECKOJbKHX
MUHUCTEPCTB, IJS JTaOOpaTOpHid, AJs MPOMBIIUICHHUKOB, IS
Bpaueil v I HHCIIEKTOPOB TI0 TPYIY.

Omnmpasich Ha CHCIHUAIACTOB BEICOKOTO paHTra, HECMOTPsS Ha
HEKOTOpOE YMOJYaHHWE TeX, KOTOPBHIM S Memal, S MOT
pacmpoCTpaHsITh CBOM pabOTHl C IMOMOIIBIO IyONUKAIUMA |
courHeHu# Bo ®paHuuu U 3a rpanuueid. MHorga ¢ noMouisio
JIOBOJILHO ~ TPOJOJDKUTENBHBIX — Tepefady 1o  paguo M|
TeneBuaeHUIO (Hanpumep, 40 munyT 110 mporpamme 'EBpomna N1'
B uioHe 1961 r.), mprueM B HECKOIBKHX CTpaHax (Oenbruiickoe
teneBujgenne B 1960 1. u T.4.). Mosi mepBas kHura Oblia
omy6nukoBaHa B 1962 r.; uepes mecTs Mecs1eB NoTpedoBaIoch
ee TepensiaHue.

B Snonun oHa mosiBunach Takxke K kKoHIy 1962 r. Tot xe
npueM B Coenunennbix IllTarax: mnepBas kHura Obula
omy6smkoBaHa TaMm B Mae B 10 000 sk3eMIuIsipax; B TOM )K€ TOIy
moTpeOOBaJIOCh CHeNiaTh BTOpoe u3naHue. [lepeBoabl Ha
UTAIBSTHCKUA, HEMEUKHW, pPYCCKHHA, aHIMIMACKAN (OAMH B
Coeaunennbix Ilratax, Apyroili B AHINIMH) NpOAaBaIUCh
JIECATKAMHU THICSY 3K3EMIULIPOB 1O BCEMY MHUPY, B HAYYHOM
M3JIaHUU OHU TPEJCTABISAIOT PEAKOCTh. DTO TOKA3bIBAET, JIO
Kakol CTEMeHH HOBOE, KOTOpOe OHH HECYT, MPHUBIECKIO
BHMMaHHE CBOEH OCHOBAaTEIHHOCTHIO, TaK KaKk TO, YTO HE
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OCHOBATEJIbHO, OBICTPO pa3pylIaeTcsi; ITO M3BECTHO, U COBIT
HPEeKpaIaeTcs.

MpI yBUIMM B 3TOH KHHI'€ OCHOBAaTEIBLHOCTD JI0KAa3aTEIbCTB
CYIIECTBOBaHUS OWOJNOTMUECKUX TPAaHCMyTallMd W JPyrux
TPAHCMYTAUXIl PH CIAOBIX DHEPTUIX, BOSMOXKHBIX OJaromaps
TaKOH CTPYKTYpe siapa HEKOTOPBIX aTOMOB, KOTOPYIO HE CMOTJIa
YBHACTH KlaccH4ecKkas (u3MKa, BCIEICTBHE TOTrO, YTO OHA
BCErJa MPOBOIMIA IMOUCK Ha OJHOM IIyTH, KOTOPBIA OBLI
npoaeMoHcTpupoBaH B 1919 r. Pezepdopmom, n oHa HUKOT A HE
JyMaya o TOM, 4TO IUIsl TOTO, YTOOBI HCCIIENOBATh HEH3BECTHYIO
00J1acTh, Ty/1a Hy>KHO IIPOHUKHYTH C pa3HbIX CTOpoH. B 1959 1.
s yKazaJl Ha elle OAHy cpend HHUX. VMeHHO HTOr 3THX
Uccie0BaHui U OyIeT IpeICTaBIeH.

IV. BkpaTue 0 HEKOTOPbIX CTPaHHbIX
HabnaeHnsax

BcenenctBue OBICTpPOTO pacmpoCTpaHEHHs MOWX paboT 1O
BCEMYy MHpPY S IOIydYal C pasHbIX CTOPOH HH(OPMAIHIO,
MOKa3bIBAIOIYI0 MHE, NIPH NOAJEPIKKE CChUIOK, YTO Mpodiema
HEHYJIEBBIX 0aJaHCOB B OHOJIOTHMM ObUla yXK€ JaBHBIM-IaBHO
[IOCTaBJIEHa, YTO OHA 3aHMMalla MHOTMX ucciuenosareneil. Ho
OHa oOCTaBalach 0e3 OTBeTa. bOJIBIIMHCTBO aHAJIMTUKOB
u30eraiay Jenath BBIBOJBI, KOTOpPbIE ObUIM OBl CTPaHHBIMU C
TOYKH 3peHHUs KJIacCH4eCKONl MO3MIMH, U OTpPaHHYMBAJIHCH
O0OBEKTHBHBIM H3JI0KEHHEM CBOHMX PE3YJIBTATOB.

WNmenno Tak CrouwHmiep, HWHXCHEP-XMMUK, OBIBIIAN ac-
cucteHT 13 CopOOHHBI, COOOIIMI MHE O CBOMX COOCTBEHHBIX
paboTax, IOJACKAa3aHHBIX JJINTEIbHBIM  HCCIEIOBaHUEM,
npoaenanHbM Dpoifurepom, mpodeccopoM ecTeCTBEHHbBIX HAYK
B Cop0OoHHE, KOTOpPBIH OIMyOJIMKOBal CBOM aHAJIMTHYECKHE
pesynbpTatel ¢ 1921 mo 1928 r. @poiimiep ycTaHOBHI, YTO
JaMHMHApUU (AJTMHHBIE BOJOPOCIM B BUJE IOJOCOK Ha HallUX
MoOEePEKbSX) MPOU3BOAMIH HO, TOTIa KaK ydaT 00 00paTHOM,
TOBOPSAT, YTO BOAOPOCIH 'GUKCUPYIOT' H0]], KOTOPBI OHU OepyT
y Mopsi. 3aBenyromuit kadeapoit snepHoit ¢uszuku B Illkone
HCKYCCTB M peMecell TaKKe NPHUBIEK MOE BHHUMAHHE K ITHM
pabortam dDpoiinepa, 0 KOTOPHIX 5 He 3HAI. OH 1aJI MHE CCBUIKY
Ha €ro IJIaBHBIA TPYZA MO 3THUM pabdoTaM M HMPHCOBOKYITHII MHE
(hOTOKOMHMIO CTPAHMI, OTHOCSIIMXCS K 3TOMY METaboIN3My
Hona B BOJOpOCISAX. Sl cMOT O3HAKOMUTBCSI C 3TOM KHUTOM B
oubmmoreke CopOOHHEI.

Dpotiisep, He TOBOPs 00 3TOM OIPEeNIeHHO, ObUT yOeK IeH
B CyLIECTBOBAaHUY TPAHCMYTALIMU, IPOU3BOJSLIEH 10/ U3 0JIOBA,
MOCTYIIAIOIIEr0 U3 OMOPHI (OJIOBOHOCHBIN T'PAaHUT), K KOTOPOH
HpUKperuisieTcs Boxopociab. OH MBITaeTCA 3TO IOKa3aTh, HO
CIOTHIKAaeTCSl Ha Bompoce OamaHca 3apsAgoB M Macc. ITO
MPOM30LUIO W3-32 TOTO, YTO OH IPHUIIET CIUIIKOM paHo:
HEUTpOH OBUT OTKpBHIT TONBKO B 1932 1. Ero pabora,
npesAcTaBisIonias  OoJpHION  WHTepec,  ocrajach  0e3
HNOCHEACTBUHA. 5] ee M3II0KWII, OUEHb CXKATO, B OJHOW U3 MOMX
KHUT.

Mae 65110 coob1eHo Takxke CMHATIEpOM 00 HUCCiIe0BaHNY,
MPEACTABISIONIEM eIle OOJNBINUII HHTEpeC, BBIIOTHEHHOM
HemreM ®ou I'ep3eene. On omybamkoBax ¢ 1875 mo 1883 r.
CepHI0 OPOIIIOP OTHOCHUTENHHO OajaHca HECKOIbKUX 2JIEMEHTOB
IpH  TpOpacTaHWUM  PA3IMYHBIX  3epeH. B kagecTse
KyJIbTYypalbHOH  Cpelsl OH  HCIIONB30BaJll  pacTBOp B
JUCTWUTUPOBAHHOW BOZE, COIEPKAIIUi OJHY WM JIBE COIIH.
Takum o00Opa3om, B KaXA0H NapTHH, MOCTABICHHOH Ha
IpopacTaHue, CoCyJlbl COJEP)KaJM OJMH TMOCTOSHHBIA aHHOH,
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NPUYEM KaTHOH U3MEHSUICS OT OJJHOM IapTuH K Apyroi. [pyrue
OIIBITH TIPOM3BOJMIINCH C TOCTOSHHBIM KaTHOHOM (MarHuem,
HarpuMmep), TOTAa Kak MEHsUICS aHWOH: KapOoHaT, cynbgart,
docdar u T.1. MarHus.

OH mpumen K BBIBOAY, YTO IIOCIE aHAJIN3a MPOPOCIINX
pacTeHuil, y4WTBIBas HW3MCHCHMS, NPOUCIICAIINE B IIHTa-
TENBHON cpefe W BKJIAA OT MACHTHYHBIX 3€pEH, MpoaHa-
JIM3UPOBAHHBIX OTACIBHO, HAONIONANNCH YBEIWUYCHUS WIN
YMEHBIICHUST HEKOTOPBIX 3JIEMEHTOB. 37IeCh MPOBEICHA, HA MOH
B3I, OOJbIIAst OCHOBATENbHAS, NEPBOCOPTHAS, WHTEpECHAs
pabora, W s BOCIPOM3BE]I HECKOJBKO €ro Tabimull B
'TpancMyTaumsx mpu cnabbIx SHeprusix'. 3a HUM He
MIOCJIE/IOBAJIM TIO JIBYM TJIaBHBIM NPUYHHAM:

- TOT/Ia OTKa3bIBAJIUCH JOIYCTUTh, YTO €CTh JpPYI'He, KpoMe
XMMHYECKHX, PEAKLHH B )KHBOM; IIO3TOMY OTOpachIBalIoCh BCe,
YTO Ka3ajJoCh, 4YTO OHO CTaBUT II0J] COMHEHHE 3aKOH
MOCTOSTHCTBA MAaTEPHH, YCTAaHOBJICHHBIH 33 CTOJNETHE A0 3TOTO
JlaByassbe;

- 0TOpachIBaNIM €ro Pe3yJbTaThl, 3asBISIA, YTO HEBO3MOXKHO
pa3/esuTh BIMSHHE KAaTHOHOB M AHHOHOB; OCOOCHHO KOTJa
MHOT/a TIPHCYTCTBOBaJIa CMECh JIBYX KHCIIOT M JIByX METAJJIOB
(m3-3a atoro, k Tomy ke, Do I'epzeene wuHOrma cam
HENPABHILHO HHTEPIPETUPOBAT PE3YJIbTAaThl, HO TaM €CThb
MIOTIPABKH).

JleCTBUTENBHO, OH SIBUJICS CIMILKOM paHO. TOJIBKO CIyCTH
6onee 10 mer mocime ero mociemHed MMyONMKAIlUM Havyalld
npeanojarartb, 4YTO CYWECTBYIOT TpaHCMyTalluu, O YCM
CBHJICTENBCTBOBAJIA PAANOAKTUBHOCTE. OH HE CMOT, KOHEYHO,
MPEACTABUTh HUKAKOTO O0BSICHEHNS Ha aTOMHOI OCHOBE, HO J1aJl
Ka4eCTBEHHbIC W KOJIMYCCTBCHHBIC PE3YyIbTaThl, W HHUKAKOU
Hay4HBII CMBICJI HE MMEET IIpaBa OTBEPraTh PE3yJbTaThl 0e3
MPOTHUBOAOBOIOB IO KpaifHEH Mepe TaKuX K€ MHOTOYHCICHHBIX
U TAaKHX JK€ Pa3HOOOpPa3HBIX, KaK TE, KOTOPbIE OH XOYET
IIOCTaBUTH 1104 COMHCHUC. K COXaJICHUIO, Hay‘-IHI;IfI CMBICJI
SIBJISIETCS. PEJIKOW Belllblo y 'yueHbIX' 1o npodeccuu, KOTopbie
MPEANOYUTAIOT MPEXKIE BCEr0 OTPULIATh U OTKA3bIBAIOTCS M3-32
JorMaTtu3Ma MOBTOPHUTH OKCIICPUMEHTHI, KOTOPBIC NOCTABJIAIOT
HOBOE, HE YKJIaIbIBaIOIIeecs B UX BEPY.

S coobmato Takxke, uto CiMHIIEp, KOTOPHII Aa] MHE 3HAThH
o paborax Pon [epseene, mepeman ux Takxke Inpodeccopy
bapanke, 3aBenyromemy naboparopueil OpraHMYecKOH XUMHUN
[TapmKCKOTO TOJIMTEXHUYECKOTO MHCTHTYTa. DTOT Ipodeccop
pemtasncs MOBTOpUTH 3kcnepuMeHTHl Don ['ep3eerne, m3MeHss,
TEeM HE MEHee, X0]] MCIIBITAHUH, 110 MOEMY MHEHHIO, HAIIPACHO,
TaK Kak Jyisi MPOBEPKHM YEro- TO HY)KHO OKa3aThCs B TEX IKe
ornepaTHBHBIX ycioBUsiX. HO OH XOTell 0COOEHHO YNpPOCTHTH
KyJIbTYypYy, AyMasl cliefaTh TaKUM 00pa3oM HcclieioBaHue Oomee
cTporumM, Oojiee HaJEKHBIM, TaK KaK YUCIIO MapaMeTpoB ObLIO
yMeHbIIeHO. SI He ObII COTJIaCeH ¢ HUM OTHOCHUTEIBHO TaKOro
crnoco0a IelCcTBUH, TaKk KaKk OHOJIOTHYECKOE MMOBEACHHE, BCET 1A
CJIO)KHOE, Je(OPMHPOBAHHOE CIIMIIKOM OOJBIIMMH OTKIIO-
HEeHUsIMH, u3Bpamaercs. OfHAKO OH Jepkal MEHS B Kypce
MOJYYEHHBIX PE3yJIbTAaTOB, MO KpaiiHell Mepe, HeCKOJbKHX U3
HHX, ¥ OH TOTOBWJICSI M3/1aTh KHUTY, I'/le OH ObI OTpa3mI AECsTh
JIET UCCIIeIOBaHUH, HO OH HEOXKUIAaHHO yMep. S He 3Hato, OyayT
JM ero pe3yibTaThl OIyOIMKOBAaHBI €0 CeMbEH, Tak Kak TaM
pedb BIeT 0 paboTe, KOTOPYIO OH MPOBOIWII JINYHO. By et xaib,
€CJIM 3TOT UTOT paboTH He OyeT 0OHApOIOBaH.

®on T'epzeene He OBUT MEPBHIM, KTO HMHTEPECOBAJICS
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npobyieMoil 'pon3BOJCTBa MaTepuH' 3epHaMU NHpH Ipopac-
tanuu. B cBoem 'Tpaxrare mo xumun', 2-e uszganue 1849 r.,
BeNUKMH XuMHK beprenuyc mnpuHHMMaeT BO BHUMAaHHUE
UCCleIoBaHus, ocyuiecTBieHHble B 1846 r. dorenem, no
BBIPA0OTKE CEphl 3€pHAMHU Kpecc-cajaTta IpH NPOPacTaHUH B
cpene 0e3 pacTBOPUMOHN B OIIYTHMBIX KOJMHMYECTBax cepbl. OH
MPUIIEI K BBIBOAY, YTO CEpa HE SBISETCS MPOCTBHIM TEIoM, 0e3
KaKOH-JIMOO TMIOTE3HI O €€ MPONCXOXKICHHUH.

Jo @orenst uccnenoBaHus MO Kpecc-cajary (IOBTOPEHHBIC
taxxe @on ['ep3eene) 6putn ipoBeneHs! Bo Opannuu. S y3HaT
0 HHUX OT OJHOTO KOPPECIOHJEHTa, KOTOPbIM Hamucaa MHE U3
JlatuHCKOW AMEpPUKM ¥ TPWIOKHI Al MeHS (HOTOKOIMHU
ctpanull o ToM, yto nucai lllobap B 1831 r. B cBoeil kHure
'Becenennast, oobsicneHHass OTKpoBeHUEM'.

COBpEeMEHHUKHN CJIMIIKOM 4YacTO C IpeHeOpeKeHHEM OT-
OpachIBalOT MCCIIEAOBAHUS NPOLUIOrO BeKa IO JIOKHBIM M
TOPJEIMBEIM TIPEJIOTOM, YTO B TO BPEMsS HE YMENH JesaTh
TOYHBIX aHanu30B. Jlamee s MOKaXy, YTO 3TO HEBEPHO, YTO
OosipIIe MOTPHl XHMHM HPOLUIOTO BEKa YMEIH JeJaTh
CJIOKHBIE AaHAJIM3Bl, IOATBEPXKICHHBIC COBPEMCHHBIMH Me-
togamMu. OHM HE MOTJIM IIPETyCMOTPETh OOBSICHEHNS, TaK KaK O
CTPYKType aToMa He 3HaJH, M JOMNyCTUTh TpPaHCMYyTaIuH
03HayasIo OBl BO3BpAT K aJIXMMUH, HAJ KOTOPOH HACMEXaJHUCh.
OTO OTHOILIEHHWE HAy4YHOH IOCPEACTBEHHOCTH HE SBISIETCS
TaKOBBIM OJIIUTHI, KOTOpas HE OTOpachlBaeT pe3yJbTaThl 0e3
HOBBIX IKCIIEPIMEHTOB.

Ho aTu ctpaHHbIe pe3ynbTaThl NPOIOIKAIN HAOII0AaThCS, U
MBI BO3BMEM HECKOJBKO IPHUMEPOB JaXe y HccienoBaTeneh
BTOpOH TTONOBUHEI XX Beka.

Ecnu st BKITIOYMI HACTOSIIYIO TJIaBY, MECTO KOTOPOH CKopee
B 'luccepranuu’, 4eM B TPyZE, NOCBSIECHHOM SKCIIEPUMEHTAM,
TO 3TO JUISA TOTO, YTOOBI YUTATENb YBUAEH, IOUEMY U KaK s ObUI
MOABENCH K TOMY, YTOOBI ITOKa3aTh NMpoOes B HaIeH siiepHOM
¢usnke u Owomormu. A TakKe, Kak W IOYeMy MHeE OBLIO
BO3MOYKHO KOHCTaTHPOBATh 3TO ITyOIUIHO, JaXe OPHUIIHAIBEHO B
HEKOTOPBIX CIIydasiX, IOJYyYUTh B NPU3HAHHE JIEHTOYKY
kaBasepa opaeHa IlogeTHoro siernona. 160 He HYKHO CKpPBIBAaTh
TPYAHOCTH, KOTOpBIE CYIIECTBYIOT, TaKUM 0Opa3oM, B TOM,
YTOOBI BBECTH HOBYIO TOUKY 3PEHHs B HaykKe, W3-3a LIEH3YDHI,
KOTOpast CyIIECTBYET HaJl HAYYHOW MBICIIbIO. JTa MOCIEIHSS He
aBysieTcs cBoOogHOM. HamomuHate 00 3TOM sIBIIsieTCs] OOIIMM
MECTOM: CBOOO/IBI BEIPAKEHHUSI CBOCH MBICIIN Ha HAYYHYIO TEMY
HE CYIIECTBYET. DTO MMOKa3aly TPYIbl, IyOnukanuu, oiaronaps
HECKOJIbKUM CTEUEHHMSIM OOCTOSITENILCTB, TaK KakK OOBIYHO
HEBO3MOXXHO 00 3TOM MHCaTh, MPOTECTOBATH NPOTHB ITOTO
yayuenus Hayku.

MmenHO Graromapst MoeMy IOJIOKEHHIO Ha BEpIIMHE S CMOT
IIPOMTU HaJ TO0JIOBAMHU IIMLIEK BCEX CTENEHEW, KOTOpBIE
3aBia/ie] M HayKOH, 4TOOBI ClienaTh M3 Hee CBOE OXpaHIeMOe
OXOTHHYBE YTOJb€, BHE KOTOPOTO OOJBIIE HUYETO HE MOXKET
cymecTBoBath. Kakoii-nmubo apyroit ucciienoBareis, BEpOsSTHO,
HHUKOT/]a HE CMOT ObI pacIpOCTPaHMTh TaKylo KOHIenuo. 5 He
XO0uy HNPUBOJIUTH 3]I€Ch UMEH, 3aT€BaTh MOJEMHUKY, HO S 3HAIO,
YTO HCCIIEIOBATENM, padoTalole HaJx JTOH e TEeMOH,
OKa3aJIMCh Nepell CcBOoeH pa3OWTOi Kapbepol; HE TOJIBKO
3aMEAJICHHbIE B CBOEM IPOJBIJKEHHHM, HO OT BCAKOH
MPENoaBaTeIbCKON ESTETFHOCTH OHU OBIIM OTCTPAHEHBI U
OTO/IBUHYTHI B 0€3BECTHYIO 00JIACTh, T/I€ HUKTO KPOME IIHUIIKH,
OT KOTOpOHl OHHM 3aBHCAT, HE MOT OOJBIIE 3HATH, Ye€M OHHU
3aHUMAIOTCS.

XXypHan ®opmupytowmxcs Hanpasnexun Hayku, Tom 5, Homep 17-18, 2017

51 coBeplIEHHO HE NMPETEHAYI0 OBITh NMEPBBIM B OTKPHITUU
9TOro sBIEHUs. 5l MOr BepuTh B 3TO CHadaja, HO CO BPEMEHU
MOUX NepBBIX NyOnukanuii B 1960 r. ¢ pa3HBIX CTOPOH MHE
COOOIIMIIN CCHUIKM Ha JIMTEpaTypy, O KOTOPBHIX S HE 3HAI U
KOTOpBIE TOKa3bIBAIM, YTO IABHBIM-IABHO BEIHKHE yUYCHBIC
MOKa3aJIl  CYIIECTBOBAHHE TPAHCMYTAMH OHOJIOTHYECKUM
myteM, kak Bokimen B camom korme XVIII crometms. Ero
MHOHepcKass paboTa SBISETCS HACTOIBKO BAaXKHOH (S cMmor
Mo3HAKOMHUTBCS ¢ ero MccmenoBanmeM B 1971 r.), 9ro 51 el
MOCBSIIIAl0, HWXKE, eyl TIaBy. MHOrHe Ipyrue ydeHble Ha
npotsbkeHun XIX u XX cronmerwit mpeacTaBUIM HOBBIC
Jl0Ka3aTenbCcTBAa, HO OHM HHUKOTAAa HE MBITAINCh JAaTh
oObscHenue. [IpuBoauIKCH pe3ynbTaThl aHAIN30B, CTPAHHbIE C
TOYKM 3PEHUSl KIACCUUECKOH (U3UKO-XUMHH, U TI03TOMY
YHCJICHHbIC 3HAYCHUS JIAaBaJMCh 0€3 KOMMEHTapHueB, JaXke BO
BTOpO#l mosioBuHe XX CTONETHS, KOTrJa yXe 3HalH, OIHAKO,
JIOCTaTOYHO XOPOULIO O CTPYKTYpe aToMa, 0 KpailHel Mepe, B
ocHOBHOM. Ho ecii Bo3nep kuBamich OT KOMMEHTHPOBAHUS, TO
4acTo 3TO OBIIO U1 TOTO, YTOOBI N30€XKaTh NPUBIICUCHNS THEBA
0OJBIINX KPEIoB, 00JICYCHHBIX (MMH CAMUMH...) COXPAHAThH B
YHCTOTE JAOTMY, TaK KaK 3TH Pe3yIbTaThl OOBICHINCH TOJIBKO
TPaHCMYTAallMsMH, U TOBOPUTH 00 3TOM 3HAYMJIO PHUCKOBATh
CBOEH Kapbepoi.

Haxopsice, Bo ®pannuu, Ha BepiuuHe GU3UKA U OUOJIOTHH,
6e3 Koro-nmubo BbINIE MEHS B HAy4YHOM IUIaHE, i HUYEro He
Gosiica ¢ ATOM CTOPOHBI, B pe3ysbTaTe 4Yero, Mo pesyibTaTaM
MOUX IKCIIEPUMEHTOB, s HE OOsUICS CKa3aTh, YTO S HAXOJMJIICS
mepen SIBICHHWEM, KOTOPOE MOIJIO OIPaBIAThCS  TOIBKO
TpaHCMyTalMell JIEMEHTOB, OCYIIECTBIIEMOH OHOIOTHIECKUM
myTeM. S| TOBOpWI M MHCalI CO BCEH OTKPOBEHHOCTHIO, 0e3
OKOJINYHOCTEH, 63 HaMEKOB, HE CKpbIBast cloB. MIMeHHO 31ech
CyTh ~MOETO BKJI3Ja: HWHTEPHpPETALUs  IKCIEPUMECHTOB,
HEOOBSICHUMBIX 0€3 BBEICHHS 3TOTO MOHITHS OHOJIOTMYECKOH
TpaHCMYTAIlNH, KaK S Ha3bIBAIO €€ COKPAIEHHO, BEIPAKEHUEM,
KOTOpOE BOBCE HE MO€, TaK KaK sl OTBICKAJI €r0 B OJJHOM TEKCTE,
0 KOTOPOM MHE COOOIIMJIN Yepe3 HECKOJBKO JIET TOCIe MOHMX
NEepBBIX MyOIUKaLUii... Hu4ero HoBoro HeT Mo COJHIEM.

Jlaxxe B reoJyioruu 3Ta ujes He sBisercs HoBoW. Bo Il Tome
9TOTO TpyJa, MOCBAIIEHHOM SBICHUSM TOJOOHBIM, HO HE
OwonorudyeckuM, S JeNal0 HWCTOPHYECKHH 0030p wuien
TpaHCMyTallMi, BCTPEYAIOIINXCS B MHHEpalaX, Ha3bIBAEMBIX
meramopduueckumu. Ecnu oHM m3MmeHsioT Qopmy, TO 3TO
MOTOMY, YTO TIOJIBEpPraloTCs TPAHCMYTALMSIM, KOTOPbIE HHYETO
o0Iero He MMEIOT C TeMH, YTO M3Y4YaloTCs B YCKOPHTEISX
YacTUI[ WM TIPU ECTeCTBEHHOH (WIM HCKYyCCTBEHHOIN)
paauoakTuBHOCTH. OJHAKO O3TOT UCTOPUYECKHA 0030
HemonHeIA. B 1974 1. 1o Moero cBefeHus gomnuia (CTajo OBITS,
nocie nosiienus |l Toma) - oT AupexTopa HeMenKoro aurnest! -
¢bpaza Teitsipa ne llapnena, U3BECTHOTO YYE€HOTO, OCOOEHHO
CBOMMH paboTaMH B MAJICOHTOJIOTHH, B3ATass M3 €ro KHUTU
'deHomeH uenoBeka' (Harmucana Mexay 1938 u 1940 r.): "Mup
TOPHBIX TIOPOJI SIBJISIETCSI HAMHOTO O0J1ee THOKUM M OABHKHBIM
MHpPOM, Ye€M MOIJla II0f03peBaTh HayKa BUEpAIIHEro JHS.
CeronHst MBI 3HaeM, 4TO Jake HauOoJee MPOYHbIE MHUHEPaIIbI
TOPHBIX TIOPOJ, HAXOAATCS B COCTOSIHUM  IOCTOSIHHOM
TpaHcMyTaiuu'. Takum 0Opa3om, OH JOMyCKall TPAHCMYTAIHIO
MHHEPAJIOB B TO BpeMs, 35 JieT ToMy Ha3ajl, KOTJa CIOBO 'TpaHc-
MyTamus' ©UMeJIO TOT ke cMbICH. Jlo HOBOro 'oTkphITHS' Teitsp ne
[Mapaen Obur, TakuM 00pa3oM, TEPBBIM YYEHBIM, KOTOPBIH
MPH3HAJI, YTO TeOJOrHd He O0BsACHMMa Oe3 NpHBIICYCHUS Ha
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MOMOIIIb TPaHCMYTalni, KOTopble OyayT n3ydarscs Bo |l Tome.
[To kpaiineii Mepe, ¢ TeX 1Op, KaK MBI 3HAEM CTPYKTYpy aTOMOB,
TO €CTb, C MOCJIEJHETO BeKa - 51 HalloMuHato 06 3ToM Bo |l Tome
- CJIOBO 'TpaHCMyTalust' YXKe HCIOIb30BAIOCH MHOTHMU
reojoraMd JAis  OOBSICHEHHS MeTamMopdu3Ma HEKOTOPBIX
CKaJIbHBIX IIOpPOJ,, HEOOBSACHMMOIO C TIOMOINBI0 XHUMHHU
JlaByasse.

V. Heckonbko 3aragok B Groxmmmnmn pacteHui
A. AS30THbIN BanaHc pacTeHui

Pacrenus conepkat OeJKH, a U3 PaCTUTEIBHBIX OEIKOB OBIK
JieTIaeT KUBOTHBIE OEJIKU, CBOIO IUIOTh.

PacteHns HyXmaroTcs B a30Te, W a30THBIH LUK OBLI
MPEeMETOM MHOTOYHCIICHHBIX HCCIEIOBAaHMM H emie Ooiee
MHOTOYHCIICHHBIX ITyOmmukanuii. Kaxercs, uto pactenne Oeper
a30T U3 BO3AyXa CBOMMHU JINCTHSIMH, HO OHO OEpeT €ro TakkKe U3
MOYBBI, HENPSAMO, TMPH  TOCPEAHHYECTBE  PA3TUIHBIX
mukpoopranmsmos (Nitrobacter u t.1.). U3BecTHO, 4TO KOpHH
6000BBIX  CHAaOXXEHBI  MHOTOYHCICHHBIMH  KIIyOCHBKaMH,
KOTOpBIE  SIBISIIOTCS ~ OY€Hb  IUIOTHBIMH ~ BMECTHIIMILAMH
Gaktepuii-pukcaropor  azora, Rhizobium, 6Gomee 3000
Pa3HOBUIHOCTEHN KOTOPBIX 3aHECEHBI B KaTajor B 1973 r. Otomy
SBJICHUIO OBUIM TOCBSIEHBl MHOTOYMCIICHHBIE TPYAbBI, HO B
HEKOTOPBIX M3 HUX IIOKa3aHO, YTO MMeeTcd Kakasi-TO 4acTh B
9TOM IIHKIIE, 'MpIpa’; KOTJa KyJIbTUBHPOBAHHUE MPOM3BOIAT IO
KOJITAaKOM, W3Mepsisi BBEICHHBI 00BEM BO3AyXa W yUUTHIBAsS
Jo0aBIICHHBIC B TI0YBY a30THBIC YIOOPEHUS, TO 3HAIOT, CKOJIBKO
OBUTO BHECEHO a30Ta; KOTJAa IOCNe JOBOJBHO JUIUTEIBHOU
BBIJICPKKH - IEPEeMEHHOW, B 3aBHCHMOCTH OT pPAaCTCHHHA H
SKCIEPUMEHTATOPOB - ONPEAENA0T OOMMHA a30T B IOYBE, MOJ
KOJITAaKOM, TOT, KOTOPBIN OBII YHECEH MOJIMBOYHOM BOMOI, M
TOT, KOTOPBII HAaXOAUTCS B PAaCTEHHMH, TO KOHCTATHPYIOT, YTO
a30Ta He XBaTaerT.

Urak, a3or ucuesaer, u Ilomon B cBoem Tpakrate mno
MUKpPOOHOJIOTHH TTOYB 3asBIsET: €. 250: 'eciiv cpaBHUTH CpeiHEE
MPOIICHTHOE COJICPKAHNE a30Ta B TIOYBAX C TEM, UTO €KETOIHO
VHOCHUTCS YpOXasMH, TO 3aMETHO, YTO IIEPBOEC SBIIACTCA
OTHOCHTEIIFHO OYCHb HHU3KHM II0 CPaBHEHHWIO cO BTOpHIM'. OH
BO3BpamiaeTcss K 3TOMy Ha c¢. 257: A30THBIA OalaHC IOYB.
'HecMOTpsi Ha 3HAYHUTENBHOE YHCIO PadOT, BBI3BAHHBIX €rO
W3ydYeHHEM, BOMpPOC 00 a30THOM OaraHCe IMOYB IPEACTABISICT
elle HACTOSIIYI0 3arajiky; KakuMd Obl HU OBLIM TMPHUHSTHIE
MPEJOCTOPOKHOCTH, KOTAA BBIYMCIAIOT PasHUIy MEXIY
BBIHOCOM U BHECEHMEM a30Ta, TO BCerga uMmeercs
HeoOHapyXeHHast 0OJbIIAst YaCTh, MEHSIOMIASCS B 3aBUCIMOCTH
or ycimoBuii, or 15 mo 30%. U on npuBoauT UUPPHI
HKCIEPUMEHTOB, TPOJICIAHHBIX PA3HBIMH CIIOCOOAMHU MHOTHMHU
HCCIIEIOBATEISIMH, YTOOBI 3aKITFOYUTH CBOKO TJIABY, 3asIBIISIS, UTO
HaOJoaeTcss OTpUIATeNbHBIN OanaHc '3 Toro aszora 0Oe3 ToOTO,
YTOOBI MOXXHO OBUIO JEHCTBUTEIBHO TOYHO OIPENEIUTH BCE
NpUYUHBL. XUMUS HOTepIIena MOpakeHHe, U B CBOEM TOJICTOM
TpyZle B TPU TOMA, ITOJHOCTBHIO TOCBSIIIEHHOM a30Ty, TeppyaH
o3ariaBiuBaeT onHy TnaBy: 'EcTh nm yTeuka azorta' ¢ Ooiee
MATHIACCATHIE CCHUTKAMH, ITOKAa3bIBAIONINX, YTO €€ HE MOTYT
0OHApYXUTb.

OT0 MCUE3HOBEHHE a30Ta HAOIIOAETCS TaKkKe B HEKOTOPBIX
ciydasx merabonm3Ma JKUBOTHBIX, W Teppyan 3assisieT: 'Ho
6omee Toro. PaccMoTpeHWe BBINICIPUBEICHHBIX 3HAYCHUN
CBUJIETENILCTBYET HE TOJNBKO O MOCTOSHCTBE MOTEPU a30Ta, HO
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TaK)K€ O KOJIMYECTBEHHOM yCTOMYMBOCTH 3TO noTepu'. Tricsun
JKCIIEPUMEHTOB (uMTHpOBaHHBIC B CCBUIKAX) 3TO
MOJTBEPXKIAIOT, HO HE JAl0T HUKAKOTO OOBSCHECHUS, TaK UTO
Teppyan npuxoauT K ToMmy, 4To muiueT: 'CyliecTBOBaHHE
yYTEeUeK a30Ta SBIACTCS TOCTATOYHO BAKHBIM, JOS TOTO YTOOBI
BEIHY/IUTh OTKA3aThCS OT BECOBOTO MeTona'. OTH OamaHCHI
npoTuBOopedar teopur JlaByaswe, KOTOpas TIIACHT, YTO HUYETO
HE TepsAeTCs; OTCI0[a JelaeTcs BBIBOJ, YTO HYXKHO BO3BPATHTh
JKUBOTHOMY FUTH TIOYBE TO, YTO UM IOTEPSHO, YTO MOCTYILICHUS
W BBIBOJBI JIOJDKHBI ypaBHOBEIIMBATHCS, YTO OajlaHC MOIDKEH
OBITh HYJICBBIM, @ THICSYH KCIICPUMCHTOB IMOKA3bIBAIOT, YTO ITO
HE Tak. JTO BIOpOYEeM U TpuBeno TeppyaHa U MHOTHX

OKCIICPUMEHTATOPOB K TOMY, UYTO OHH 3asABUJIK, UYTO
SKCIICPUMCEHT OIlII/I60‘~IeH, YTO NPUHOUIBI JOJIKHBI OCTaBaTbCA
HCIPUKOCHOBCHHBIMU.

XUMUKM HaxomATcd mepen TaiHoW, roBoput llomiol;
pearsHOCTh He ObLTa IOCTaBIICHA TIOA COMHEHHE. MBI YBHIUM,
KaK M TI0YEMY OTOT a30T HCUE3aeT COBCEM IIOCPEACTBOM
SIBIICHUSI, KOTOPOE€ HE OTHOCHUTCA K XMMHH, KOTOPOE HE MOTJIH
MpeACTaBUTh ce0c OWMOXMMHKH, KOTOpPBIE XOTAT CBECTH
OmoNIOTHIO TONBKO K XUMUHU (yKe B mponurom Beke JloB3 u
I'unGept, XOTOpBIE HMENH pEAKUH IIAHC MOYb HAy4IHO
MPOBOIUTh, B TedeHHe Oosee 50 JeT, SKCIUTyaTaluio
PoTemcTeackoii 00JaCTH, CO3HABAINCH B TOM, YTO OHH HE MOTJIH
OOBSICHUTh HEHyJIeBOH OamaHc a3ota. B  KoHIe YacTH,
OTBEICHHOM ISl CEJBCKOTO XO3SHCTBA, MBI BO3BPAaTUMCS K
3TOMY a30THOMY OaJiaHCy.

B. YrnepogHbin 6anaHc pacTteHun

Mowu3 omny0auKoBan TPyA, HOCBSIIEHHBIH HCCIIEIOBAHUIM
JIMCTHhEB, COOPAHHBIX 3€JEHBIMHU M MOMEIIEHHBIX 110]] KOJIIAaK, B
KOHTPOJIMPOBAaHHOM aTMocdepe; 3aKaHYMBaCTCS TEM, YTO OHU
YMHpAIOT ¥ CTAHOBSTCA OKEJITBIMH; a BeIb TaM TOXe
Ha0moaeTcs U3MEHEHHE a30Ta, HO B 00paTHOM HaIpaBJICHUU:
OoH yBenmuuBaercst Ha 70%; OH caenan Apyroe MHTEpEecHOe
HaOIMoZIeHue: ncue3no OOoJbIIoe KOJIMYECTBO yriiepona (B TO
BpeMst Kak Macca a3ora O0puta ot 13,64 mr mo 22,8 Mr, yriaepon
yMeHpImmiIcs Ha 82 wMr). Mowm3 HE KOMMEHTHPYET OTY
koppemsuo Mexay Cu N.

Opnako sto otHomenre C/N ¢ JaBHHX TOp HPHUBIIEKATO
BHUMAaHHE arpOHOMOB, TaK KaK 3aMeJajIy, YTO 3TH JBa dJIEMEHTa
U3MEHSI0TCT B oOparHOoM  HampaBieHuu. IlomioH, B
LUTUPOBAaHHOM paHee TpakraTte 1O MHUKPOOMOJIOTHHM TaKXkKe
paccMarpuBaeT 3TOT BOIIPOC U BBIHYKAEH OTMETHUTB, C. 555, 4T0
B cBexkeM HaBose otHomienue C/N cocraBisier B cpeanem 33,
nocsie (hepMeHTauy OHO TMajaer 1o 15; yriepoa mcues, a3or
yBenmmumics. Ho MoxxHO HaOonaTs 0OpaTHbIE SIBIEHHS, KOT/1a,
HarmpuMmep, B TII0YBE, IIOJ JeHCTBHEM OakTepwid, as3oT
YMEHBIIAETCs, TOTAA KaK yrIeBOAbl yBEINYHBAIOTCS.

C. banaHc marHug B pacteHusix. MarHuii n kanbumn

N3BecTHO, 9TO XJIOPOMHILT ABIISETCS CIONKHONH MOJIEKYJIOHN, B
KOTOpOI\/’I OJIWH aTOM MarHus CBA3aH C YETBIPbMA aTOMaMHU a30Ta,
n 3Ta 'cepAlneBMHAa' W3 5 aTOMOB OKpyXEHa I[O-Pa3HOMY
CBSI3aHHBIMH aTOMaMH YIJIepoja, KHCJIopoJa U OCOOEHHO
BoZiOpoJia (3TO MOPPHUPHH, TAKOH *Ke, KaKk U reMOTJIO0UH, TJIe
LEHTPAIBHBIM aTOMOM SBJISIETCS XKEJEe30).

3ereHast 4acTh PacTeHUS COJEPXKHUT Xylopodmiul. Pactenue, y
KOTOPOT'O Pa3BHBAETCS CBOS JICTBA, MOXKET OCYIIECTBISITH 3TO
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TOJBKO TIPH YCJIOBHM, YTO OHO MOXXET IPOM3BOJAUTH CBOU
MOJIEKYJIBl  XJOpOQHiIa,  CIEAOBAaTE]LHO,  pacrojararbh
MarHueM. A Bejib MHOTHE T'OJIbl Ha I0JIe COOMpAaloT ypoxKail, He
BHOCS] MarHUEBHIX y100pEHHH.

OTO 3aMHTPHUIOBaJ0O MHOTHUX HccienoBareneid. Bot, mo
J.bepTpaHy, HECKOJIbKO 3HAYEHUH, B KWJIOIpaMMax, MarHus,
YHECEHHOTO C TeKTapa pacCTeHHSIMH eXeromHo (3Tu mudpsl
MEHSIOTCS B 3aBHCHMOCTH OT aBTOPOB; OHH IPEICTaBIAIOT
cO00H TIOPSIOK BETHYHH):

3epuosele (bperann) 12,8 (3epHo 1 cosoma) Kykypysa
(Bperans) 54,5 (3epHo u conoma) Kaprodens (bperans) 24,5
(6otBa n xiry6Hn) Caxapnas cexina (Comma) 37,2 (UCTbs 1
kopuu) KopmoBas cBekia (boc) 32,2 (nucths U KOpHU).

A TIOCKOJBKY B XOPOLIEH NMaxOTHOH HEBO3JEIAHHOHN 3emiie
nMmeercs Toabko oT 30 mo 120 kr/ra marHusg, ¥ OOBIYHO
MarHueBble ynoOpeHust He BHocsTca, To J[.Beprpan m3 atoro
JieTIaeT BBIBOJ, YTO 'OOJIBIIAS YAaCTh MAXOTHBIX 3eMeNb Obla OBl
OYEHB OBICTPO HCTOIIEHA, YTO ONBIT 0TBepraeT'. OH He IbITaeTCs
JaTh HUKAKOTO OOBSCHEHUs JTOMY SIBICHHIO, HO JeJaeT
NpaKTU4YeCKUH BBIBOJ: 'ArpoHoM ObuUl OBl BOBJEYEH B
COBEpUIEHHO Oecroyie3Hble pacXoidbl, jkenas Oecroyie3HO
KOMIIEHCHPOBATh NpenoaraeMoe HeJoCTalollee CoaepKaHue
Maraust'.

HanmpoTtus, pasHble aBTOPHl KOHCTATHPOBAIH, YTO €CIH
YBEIMYMBATh BHECEHHE KaJbLHs, TO KOJMYECTBO YHOCHMOTO
pacTeHUSIMA MarHusl yBEIHYHBACTCA, W €CIM pAcTECHHE
pacronaraeT U3BECTHIKOM, TO HET HEOCTaTKa B MAarHE3UH.

Knaccuueckne oOBsICHEHHS, KOTOPbIE HEKOTOPBIE MBITAINCH
JaTh, SBIIIOTCA TOJNBKO TOYKAMH 3pPEHHS pasyMmMa IIoA
BHYIICHHEM OOpalleHHs K JIOTME HECOTBOPEHUS JJIEMEHTOB;
HHUKOT/1a 3TH '00BsICHEHUs' He OBUIH MPEAMETOM 3KCIICPUMEHTOB
WM,  CKOpee, BCE  OKCIIEPUMEHTHl  IIOJTBEPKIAIOT
MMPOTHUBOIIOJIOKHOC BBICKA3aHHBIM 0€30CHOBATEIbLHBIM
YTBEPXKICHUSAM; HO BBICTYIIAIOT IIPOTUB METOAOB OIPENEIICHU,
YTO ABJIACTCA MaAJIO JICCTHBIM JJII XHMHKOB, OOBHMHEHHBIX B
HECMOCOOHOCTH CJIeNIaTh TOYHBIM KOJWYECTBEHHBIH aHAIM3. A
Be/Ib 3TH XMMUKH HE OIIMOAIOTCS; BCETAa WM MOBCIONY LU(PHI
TaKOBBI: B KyJIbTypEe MarHuii HOSIBIISIETCS, €CIIM BHOCST KaJIbIINH,
HO IPUAEPKUBACH B 3TOM KIACCHYECKOW XHMHH, HYKHO
KOHCTAaTHUPOBaTh, YTO OallaHCHI 10 MAarHUIO OTPHLATEIbHBI, TO
€CTh, YTO €r0 YXOJUT U3 IOYBHI OOJIbIIE, UM TyJa €ro BHOCST -
KOTJ]a ero BHOCHT, - uTo 3actaBuio C.Tpokme (LlenTpanbhas
arpoHoMudeckas ctaHuus Bepcamst) ckaszate: 'HecmoTpst Ha aTn
BHECEHMS, Ka)KE€TCs, 4YTO OaJaHC MarHe3ud JO0JDKEH OBITh
OTpHIaTeNFHBIM BO MHOTHX cutyanusax' (Rev. Agric. de France,
UI0OHB 1966 T.), ¥ TO3TOMY JIyUIlIHe CIIEIHAINCTHI IPEATIOUNTATH
HEe JaBaTh OOBSACHEHHs, NpPUYEM HUKaKoe OOBSCHEHHE, C
TIOMOIIIBIO0 XUMHH, HE SBJISAETCS IPUTOHBIM.

OTMeTHM, 4TO 3TO ABJIEHHE HAOIOAAETCS TAKXKE B TCOJIOTHH:
M3BECTHIKHM 000TallaloTCsi MarHueM, IPUBOAT K 3apOXKIICHHIO,
B HUX JIOHE, JOJIOMHTa (KapOoHaTa MarHus); Asl OOBSICHEHUS
9TOro M300penu cioBo (Tak >Ke, eciM BOJA IOJHHMAETCs BO
BCACBIBAIOIIEM HAacOCe, TO 3TO oToMy, 4To [Ipupoaa He TepnuT
MYCTOTHIL... - €IIe CETOTHS CIIOBO YaCTO CKPHIBAECT HE3HAHHE): 3TO
Ha3bIBAIOT METACOMAaTO30M (M3MEHeHHe (HOPMBI, OHA HIET M3-3a
CoMmbl, OT HBIHEIIHEH (OPMBI, 3TO, CIEIOBATENBFHO, ApPyTras
dbopma); B JEHCTBUTEIHHOCTH, 3TO, KaXKETCs, OOYCIOBICHO
MUKpOOpPraHnusMamMuv, W JaJblI€ Mbl YBHAWM II0 KaKOMY
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MEXaHHU3MY.

Mopckue KUBOTHBIE, TaKHE KaK PAaKOBHHBI, PaKoOOpa3HbIE
MPOU3BOIIAT O0paTHOE JCUCTBUE: B MOPCKOM BOJIE, JUIIICHHON
Kalbl¥si, TPUYEM MarHus TaM T[OBBIIICHHOE COJEp)KaHUe,
JAHTYCT, Kpad ® T.I. JTUHSIIOT W OOpa3yloT CBOM HOBBIH
M3BECTKOBBIH MAHIUPH, TOT/IAa KaK OPraHM3M COICP KUT HHOT /A,
IpH JHHBKE, TOJNBKO TpuMepHO [/40 dYacTe W3BECTHSKA,
KOTOPBIH MOSABISIETCS B HOBOM MAHIHUPE.

OtpunarenbHblil OamaHc MarHUs OBIT 3aMeueH JaBHBIM-
JTaBHO, TIOCKOJIBKY B IyOnuKamu Manartotu u J{ropormre B 1858
I. HaXOAUM cieaylomyo ¢pasy: 'XOoTs MarHeswro HaxoJsT B
30JIe BCEX PAcTeHHUH, HE CIeXyeT NeaTh BBIBOJ, YTO 3HAUCHHE
3TOTO BEIIECTBA B MAXOTHBIX 3eMJISIX TaKOE ke OObLIoe, KaK 1
y u3Bectu. Habmonanoce, 4ro Tam, ryie He XBaTaeT MarHe3uw,
€€ MOJKET 3aMEHHUTh M3BECTh: HO HE HA000POT'.

Takum 00pa3oM, B TO4YBE, M3BECTb MOXET CIYXUTb JUIS
MOTyYeHHUs MarHe3ud, 4YTO TPOBEPEHO B JAPYTHX 00-
CTOSITENBCTBAX, YIOMSHYTBIX BBIIIE; HO MOATBEPKAAIOT TAKXKe,
YTO B MOYBE OaKTEpHH, MO-BUANMOMY, HE UMEIOT ()EPMEHTOB,
CIOCOOHBIX C/eNaTh 0OPAaTHOE - MPOM3BECTH KaIBIHHA, HCXOMIS
W3 MarHusi: OTMETHM, YTO KJIACCHYECKUI TEpMHH '3aMeInaTh',
HpHMeHHeMLIﬁ 9TUMH aBTOpaMH, HE TOUYCH, TaK KaK C€CJIM B
TMO4BY Z[O6aBJ'IHIOT HU3BCCTb, TO B PpPaCTCHHUAX vHaXO,Z[SIT
MarHesuro', 'Ho He Ha000poT'.

OoGoraiieHre MarHkeM, B JIOHE KallblHsA, HAOIIOJANIOCh HE
TOJILKO TIpY 00pa30BaHUU JI0JIOMUTA Teojioramu, B cooOrieHnn
Ceitnboga Ha 'CuUMIL 1O TEOXHM. OCaXi. KapOOHATHBIX
ckanpHbIX nopoa' B Konenrarene B 1960 r., paccmarpuBaiomem
BBIJICTICHHBIC KapOOHaTHBIE KOHKpEUWH, Oe3 TpemuH, TIe,
CJICIOBATENIBHO, BCSIKAas TPOMCXOAAINAs W3BHE MHIpalus
HEBO3MOXHA, HAHICHHBIX B HIDKHEM IOPCKOM IIEpHOJE,
3asBiseTcs: 'KOHKpenmu OKpy»KeHBI JOJIOMHTOM, TOTZAa Kak
3TOT MHHEpal BHYTPH OTCYTICTBYET. OTO OTHOCHTEIBHOE
oboramenne Ha M gCO3, 1o Bcel BEpOSITHOCTH, HE 00YCIIOBICHO
BHEIIHUM BHECEHHEM..., TaK KakK KOHKpelus aOCONIOTHO
HEIpOHHUITacMa, HE MOXET JOIMYyCTUTH IPOHUKHOBECHU A
TMOCPEACTBOM MUIpAIUN U3BHE. I/I, TEM HE MCHEC, YBCIINYCH B
koHTakTe ¢ Ca. Ha Tom xe cummosuyme Jlorerpu, [leppu u Yu-
JbAMC TNPOACMOHCTPUPOBAIM TAKXKE aHOMAJIWU Pa3sBUTHUA
JIOJIOMHTOB.

HamomuuM, Kkpome TOro, 4ro OakTepuu CEJUTPHI IIpe-
BPAIIAIOT KaJIBIIMH IITYKATYPKH CTEHOK B MAarHUi, JaBast HUTpAT
MarHus, CMEIIaHHBIH C HUTpaToM Kaibiuda. Ilo 3Toif cBs3M
MEXAy KalbIMeM W MarHueM M MEeXIy KaJIbIMeM U KaJlueM
MpoBepkH (HaKTOB MyTEM COTOCTABJICHHS MHOTOYHMCIEHHBI U
pa3Ho0Opa3HEIL.

D. KanwveBbin 6anaHc B pacTeHusix

Msl BuzenH, 4TO Hambojiee CKPYITyJe3HBIE HCCICJOBAHUS
MOKa3aJIu, 9TO 30T MCYE3aET, YTO OAaHChl HE yPABHOBEIICHBI.
Tak xe, kKak W OaymaHCHI MarHUs B pacTEHHSX (Jajee MBI
YBUMM IPHUMEPbI HEYPaBHOBEIICHHBIX 0AJaHCOB Y UEIIOBEKA).
OueHb THIATENBHO IPOBEACHHBIE MCCIEIOBAHUS MPHUBENIU
TaKkXke K KOHCTaTUPOBAHUIO TOTO, YTO B PACTEHUSIX POXKIAETCS
KaJI1i, UK, TOUHEe, IPU KIACCUYECKHUX HCCIEOBAHUSIX HYKHO
ObUIO TIpU3HATH, YTO PACTEHUS MOTYT YHOCHTb W3 IIOYBBI
OouibIlle Kanusi, 4eM TaM XBaTaeT (M3BECTHO, YTO PACTHUTENbHAsS
30J1a CITy>KWJIa paHblle I IPOU3BOJICTBA TIOTAIA).
CHuMaeMbIil ¢ MoJiel ypokail KakIbslii TOJ YHOCHT Maccy
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Kanusi, KOTOPYIO  TIOJACYMTHIBAIM B MHOTOYHMCIIEHHBIX
9KCIIEPUMEHTaX, ¥ 9TH TPY.Ibl yKa3bIBAIOT Ha MAaccy Kajiusi Ha
reKTap, YHOCHMYIO TakMM O0pa3oM KaKAbIM M3 TJIAaBHBIX
KyJIbTUBUPYEMBIX PAacTeHUii; oHa Koiebnercs ot 80 mo 2000
KI/Ta B 3HAYCHNSX, BBIPAXXEHHBIX B K2 O, HO OHa 0COOEHHO
CHJIBHO 3aBHCHT OT CICIAHHOTO B IIOYBY BHECEHHS B BHUJE
ynoOpenns (0Ha MOXKET NOXOAUTh 10 120 Kr/ra Ay 3epHOBBIX,
o Jlekomty u Punemo nnu [lankpeny u I'epuiio; ot 90 no 120
KT U11 KyKypy3sl, 280%10 mra kaprodens, ot 250 mo 300 mms
CBEKJIBI).

'PaccyxneHne' arpOHOMOB OBLIO TAKHMM: IIOCKOJIBKY PAaCTCHHUS
YHOCAT C TeKTapa CTOJIBKO COSTMHEHHI Kalnus KaxIbIi TOf, TO
HY’KHO BHOCHUTH B MOYBY IO MEHBLIEH Mepe 3TO KOJIUYECTBO, B
BUJIE y10OpeHHs1, YTOOBI 3eMJIsl He UcTOoLIalIach (TUIIOC MPOLIEHT,
YUUTHIBAIOIINI PEXUM JIOKIIEH, KOTOPBIE YHOCST MOCPEACTBOM
BBIIIENAYMBAHHUS - BBIMBIBAHUS W3 TIOYBBl - HEKOTOpOE
KOJIMYECTBO PAaCTBOPUMBIX coeauHeHnd kKamus). M3 aroro
UCXOJSAT TaOJIMIBI HOPM, KOTOPBIE HY)KHO BHOCHUTH €KETOJTHO
JUISL KYJIBTYPbI TOTO MJIM MHOTO PAaCTEHHS.

3emssi Bcerga COAEPKUT HEMHOTO COCAMHEHWH Kauus,
Ha3bIBAEMBIX ACCHMHJIMPYEMBIMH, TO €CTh, KOTOpPBHIE MOTYT
HOTJIOIIATHCS. KOPHAMH.

Ho Tounble nccnenoBaHus MOKa3aiy, YTO PACTCHUS KaXKIbIi
TOA MOTYT BBIHOCHUTH OOJBIIE COCTUHEHWH KajHs, 4eM Te,
KOTOpBIE OBUIM BHECEHBI B BUJI€ XUMUYECKUX ya00peHHuid (Min
HaBO3a), JaXe YYHUThIBas yMEHBIIEHHE PacCTBOPHUMBIX
COCIMHEHUH KaJlks B 9KCIIEPUMEHTAIILHON IIOYBE.

W xpome TOro, KpeCTbIHCKUI1 ONBIT KOHCTATUPYET, YTO II0YBA
HHUKOT/]a TOJHOCTHIO HE HCTOIIACTCS, YTO AaCCHMIIMPYEMBbIe
COEIMHEHUI KaJINs BHOBB MOSIBISIFOTCS caMH 110 cebe. Tornma ato
NpUBEJIO K 'MOMyHIeHWIo', 4To ciiabble WM pa30aBiiCHHBIE
KUCJIOThI IIOYBBI, KHUCJIOTHI, BbIJICIISICMbIC KOPHEBBIMH
BOJIOCKaMH, CIIOCOOHBI ClIeNIaTh aCCHMIINPYEMBIMHU KaJlEBbIE
COCIMHCHUS, HE ONPCACTIACMBIC OOBIYHBIM METOAOM, KOTOpBIﬁ

uccieqioBall, 4TOObl 3HaTb LEHy IIOYBE, TOJNBKO €€
ACCHMIJIMPYEMBIH ~ Kaumi (Wi u3Mepsu  Kajnmid K-,
obmenuBarormiics N Hs). DTo  ObUIO  HOATBEPKACHO

HEOJHOKPATHO, XOTS HEKOTOpPhIE arpOHOMBI CTaBHJIM 3TO MOJ
COMHEHHE.

UYroObl Bce BBIACHUTH Ha JTOT cueT, TI'-H J{IOTHOH C
JIMKOHCKOM arpoCTaHIMM MNPUCTYNWI K OIKCIHEPUMEHTY
NPOBOJMMOMY B TEYEHHE 3 JIeT. OTH pe3yibTaThl ObUIN
npeameroM coobmieHuss DpaHIy3ckoll cenpxo3akameMun 12
stHBaps 1966 r.

s Bcelt COBOKYNMHOCTH HAaJeNOB CpegHHH OamaHC OT-
pHUIaTeseH, TO €CTh, PACTEHHA YHECIH B CpeAHEM OoJjbIle
COCIMHEHUI Kajuus, 4YeM OHM B3sJIM B IIOYBE, BKIIOUAs
nobaBneHHoe yaoOpenue. Ha »TuX Hajenax KOJIMYECTBEHHO
OTIpEIeIISIIHCE:

a) C O/THOHM CTOPOHBI,

BHECEHHE KaJIis B BUJIE yI00peHNS,

- yYMEHbBIIEHHE COJEpKaHUs B MOYBE OOMEHMBAIOIETOCS
Kaums,

- YMEHbIIIEHUE B II04BE 'GUKCUPOBAHHOTO' KaJIus;

0) ¢ Ipyroit CTOPOHBI,

o0mmmii Kanit B COOpaHHBIX PaCTEHUSX.

3Ha4YeHus A7 IBYX HAJeNoB (B KI/Ta):

mo a 15345 16295

o 6 1695 1772,5

TO ecTh 160,5 u 143 Kr/ra pacTeHUIMH BEIHECEHO OOJBIIIE.
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B sroMm omnbite 'oOMmenuBaromuiicst K' oomennsaercst ¢ N Ha*
'buxcupoBanHbii K' - 3T0 TOT, KOTOPHIH, KaK ONpeeIeHo, MOT
OBl CTaTh MAaKCUMAJbHO ACCHMHJIMPYEMBIM C [OMOIIBIO
MOYBEHHBIX KHCJIOT, M OIpEJeNicHHe OBbLIO BBIIOIHCHO IO
TeTpadeHIIo0pYy.

JIfoTHOH TOKa3al WIK, CKOpee, MOATBEPIMI, 4YTO ac-
CUMUJINPYEMbI HE 3HAYUT TOJBKO PACTBOPHMBIH B BOJE
mocpencTBoM 0OMeHa, HO 9TO OOJIbIIast 9acTh 'PUKCUPOBAHHOTO'
Kayusi IepexoauT B pacteHue. TeM He MeHee, OH He MBITANCs

IaTh  Kakoe-mnbo  oOBsicHEHMe  ToMy  (akTy,  9TO
BBILICTIPUBEICHHBIE IHM(QPHI IMOKa3bIBAIOT, YTO OTOT YXO[
'GUKCHpOBaHHOrO' Kalks BMECTE C YXOAOM  acCHMH-

JMPOBAaHHOTO 51 J00ABJICHHBIM YJOOPEHHUEM OCTAIOTCSl HIKE
TOr0, YTO B CyMME€ COAEP)KaT PAaCTeHUs: HET HHUKAKOro HHU
3aMeYaHusi, H1 KOMMEHTapHUs 3TOr0 CTPAHHOTO ¢ TOYKHU 3PEHUS
Kaccraeckoit xummn (akra. OTKyna 6epercs To, U4TO SBISCTCS
JIOTIOTHUTEIHHOM YacThIO TOTO, YeTro HET B IouBe?

Takoli aHOMaNbHBIM Oamanc He w30ekadl BHUMAHUA
PeitnOepra, kotopsrit B 1955 1. mucan: 'Kaxercs, 9To romnoBoit
nepumut B 750 000 TOHH TOJBKO YACTUYHO OTHOCHUTCS Ha CUET
npeBpaieHus Heaccumuianpyemoro K B accumunupyemsiii K'.

Takum 00pa3oM, 3TOT aBTOP BHJEN JOBOJBHO 3aJ0Jr0 0
onbITa J[f0OTHOHA, YTO YMEHBIICHHE PAaCTBOPUMOIO B KHCIIOTE
Kallusi MOXET OOBIACHUTH 'TOJBKO YAaCTHUYHO' PpaCXOXICHHE
Oayanca 'BBojia' M 'BBIBOJIA'; CJIEJIOBATEIBHO, €CTh €Ille APYyroin
HWCTOYHUK KaJus, HE 3aMEUEHHbIN J{MKOHCKOW arpOHOMUYECKOM
naboparopueid, TorJa Kak 3TO BBITEKAeT M3 €€ COOCTBEHHBIX
rbp.

AHOMaNbHBIN OajmaHc Kamusg (I XWMHHW) 3acTaBIIACT
Peftnbepra pate crmemyromme muppsl (mo 1955 1.) - mpyrue
aBTOPHI TAIOT TOBOJBHO OTIIMIHEIC TUPPHL:

ofHOJIETHUE pacTeHus, BO @panuuu, yHocsaT 1 500 000 Tonn
K2 O; xummueckue ynooperus (450 000 1) - HaBos (300 000 T K2
O) BHOCAT, TakuM 00pa3zoM, TobKo 750 000 TOHH coeqMHEHHI
Kanust (BBIPaKEHHBIX B K2 O), TO €CTh, PACTCHHUSI YHOCST B [[Ba
pasa Oosblile, YeM UM JAI0T, U 3eMJIsl He HCToIaeTcst (HUQpsl
1965 r. maT B OTHOIIEHWH XUMHUYeCKUX ynobpenuit 970 000
ToHH 1 HaBo3a 460 000 ToHH /I ypokast 60Jiee BBICOKOTO, YeM
B 1955T.).

PasHpIME wmccemoBaTesiMA OBLTH TTOCTABJICHBI OIBITHI B
BETeTATHBHBIX COCyJaX, TaK M Ha HaJelaX 3eMJIM, BCE OHHU
TMOATBEPIMIIN 3TO siBjieHHe. OIUH arpoHOM ITOKa3all, MPOBOJIS
CBOM ONBITHI B TedeHme 11 Jer, dYTo WMeeT MecTo
'‘BEICBOOOXKIeHNE' 875 kr/ra K20, Torna kak JIFOTHOH, Ha OJOH
KyJIbType PXH B TeUeHHE 3 JET, HOIy4ui 'BEICBOOOXKCHHE' B
600 kr/ra K20 Ha COBOKYIIHOCTH HCHBITYEMBIX HAaJIEJIOB NpPHU
€J[Ba OILyTUMOM yMeHbIlleHNH 'oOMeHuBatomnierocs K'; To, 4yto
3acTaBmwio J[FOTHOHA TOBTOPUTH JTH AKCHEPHUMEHTHI, OH
BBIPA3WII B CBOEM JIOKJIa/1e, KOTOPBIHM OH C/Ieall Ha KOHTpecce Mo
ynobpenusm (Rev. Agric. de France, urons 1966 r.): 'Xoporimo
W3BECTHO, YTO PACTEHHs CIIOCOOHBI, Ja)ke B YHCTOM IIOJIE,
W3BJIEKAaTh BECbMa 3HAUYMTENbHBIE KOJIMYECTBa Kamusi Oe3
3aMEeTHOro yMeHblleHus accumunpyemoro K'. beuto mokasano
HECKOJIBKUMH TOIaMU PaHEe, C MOMOILBIO KYJIbTyp B TOPIIKAX,
4TO OaJaHCHI HE COBIA/IAIOT, M OJTHAKO B TOPIIKAX MOBBIIICHHAS
KOpHEBas IUIOTHOCTh JIOJDKHA AaTaKOBaTh CHJIMKATBl U
BBICBOOOXKIaTh KaJIHi, 3aKPETIJICHHBIN B TIIMHAX.

Haxkonern, comocraBieHne, KOTOpoe He OBIIO CHENaHo: ar-
POHOMBI KOHCTAaTHpPOBalM, 4TO B mouBe oTHomeHne K/Ca
YBEJIMYMBACTCS, W 3TO MPOUCXOIUT H3-32 W3MEHEHHUS JBYX
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YJIEHOB JTOr0 OTHOmIeHHs: K + c av
YMCHBIIACTCS.

Msl yBUAMM OOBSCHCHHE 3TOHM '3arajgku', IpU4eM TOYHBIC
IKCIICPUMCHTHI HAM [OKa3alld, YTO WHOT/A JeJI0 OOCTOHT
HAa00OpOT, YTO Hemb3st 0000maTh, YTO 3TO 3aBUCHUT OT

PacTUTEJIBHBIX BUOOB.

YBCJINYUBACTCA,

VI.

Kak roBopst ¢ oMOpOM aHIIMYaHE:

What is new is not new. (Yrto roBo, To He uctuaHo), What is
true is not new. (Uto KCTHHHO, TO HE HOBO).

KoneuHo, TpaHCMyTaIiy 2JIEMEHTOB HE TIPEICTABISET COOOM
HUYETO HOBOTO, OHM CYIIECTBYIOT, B OMOJIOTHH, C T€X MOp, KaK
CYIIECTBYEeT JKH3Hb, a JApyrue (OpMbI TpaHCMyTaIMH
CYIIECTBYIOT C TeX IHOp, KaK CyLIECTBYeT MHpP, HaMHOTO
CTapIUUil )KU3HHU.

Jaxe 6onee TOro, MX BOCTIPHATHE TOSIBUIOCH HE CETOTHS, HX
U3y4YeHHEe TOXE, U MBI TOJIBKO YTO MPOIMUTHPOBAIN HECKOJIBKO
npuMepoB uccnenoBauit XI1X Beka, HanpaBJIeHHBIX HA TO, YTO
MPOMCXOIUT MPU MPOPACTaHUHU 3€peH, U3 KOTOPBIX Haumboiee
JlaBHUE, O KOTOPBIX 5 3HAI0 Ha ATOT JCHb, OBLIM YyKa3aHBbI
IoGapnom B 1831 1.

MHe mnoka3ajgoch MHTEPECHBIM, C OOJBIIMM OCHOBAaHHEM,
M3JIOKUTh 31€Ch KPaTKo, HO ¢ HEKOTOPBHIMH MOAPOOHOCTSIMH,
OJTHAaKO, ONBIT, KOTOPBI MHE Ka)KeTCsl Haumboiee APEBHUM MO
OHMONIOrMIECKUM TPAaHCMYTallUsAM.

D10 WccnenoBaHME BEIMKOro (ppaHIy3ckoro xmmuka Bo-
KiIeHa. Sl He MOry NMOMBIIUIATE O TOM, YTOOBI aTh 3[€Ch €ro
noapoOHyr0  Ouorpaduro. Ero  OTKpBITHS ~ JTOBOJBHO
MHOT'OYMCIICHHBl U BaXXHbI, TaK YTO CCBUIKM Ha HEr0 MOXHO
HalTH BO MHOTHX TpyJax, BKJIIOYas CJIOBapH.

Korma s Hawam cBOM CHUCTeMaTHUECKHE HCCIIEIOBAHUSA
SBJICHUS OMOJIOTHYECKUX TPAHCMYTAIIUH, 51 BCHOMHIII 00 0JTHOM
JIETCKOM HaOJII0I€HUH, KOTOPOE MEHS 3aMHTPUIOBAJIO, TaK KaK 5
HE CMOTI JaTh YAOBJICTBOPUTEIHHOTO OOBSICHEHUS, M 3TO
OCTaJIOCh B MOEM IMOjCO3HaHMM. Peup mma o6 oOpa3oBaHMU
M3BECTKOBOI CKOpJIyNBl siHIIa. MHE IpeAcTaBHIOCh TOTZA
CMyTHOE O0BSCHEHHE, KOTOPOE HE MOKHWHYJIO MEHS JI0 CHX TI0D,
U S PEIIMIICS Ha 9KCIIEPUMEHT 101 XOPOIINM KOHTPOJIEM.

Kypsi-Hecymku Obli ocTaBieHsl 0e3 u3BecTHAKA. K KoHIy
HECKOJIbKUX JIHEH HMX MOOWIM3yeMble pecypchl  ObuIn
HCTOILEHBI, OHU HECIH ApA0oe sHIo (C TOHKOW MepraMeHTHON
CKOPIIyMoi). DTU Kypbl HaXOJWINCh Ha TJIIMHUCTON MOYBE C
OTIIEJbHBIMU TTOYKAaMH KpeMHs (OTBIT MpoBouics B Bepcaie).
Takum o6pa3om, INIMHA, KPEMEHb M WX OOBIYHBIA KOpPM He
JIaBaJIM MM JIOCTaTOYHO U3BECTHSKA, YTOOBI IPOJOIIKATH JIeNIaTh
HOPMAJIPHYIO SWYHYIO CKOpIymy (K HMX OOBIYHOMY KOpMY
J00aBIIsIICS B HOpMaJIbHBIE IIEPUO/IA TOPOIIOK PAKOBHH YCTPHIL,
¥ MMEHHO 3Ta J00aBKa M3BECTHsKa Obuia ycrpaHeHa). S um
MPUHOCHUII CIIOAY B TOT XK€ JE€Hb, KOTJ]a OHU TOJIBKO CHECIIH U0
B MATKOH ckopiyrie. OHM HaOpachIBAJIMCh HA HEE € JKaIHOCTHIO,
1 OBIJIO MHTEPECHO HAOMI0NaTh 32 UX KOMHYHBIM ITOBEICHHEM.
Ha cnenyromuii 1eHb OHM BCe CHOBA JlaBajiv AU1I0 C HOpMaJIbHOM
cKopiynoi. BcmoMHuM, 9TO CKOpityma obpasyercs B TeUCHHE
npuMepHO 15-17 yacoB; Kak TONBKO SHIIO0 CHECEHO, HAYMHAET
00pa3oBBIBaThCS 000JI0UKA CIEAYIONMIETO; HUKOTAa HEe ObIBaeT
JIBYX SIUII] B CKOPJIYIIE B STHIIEBOIE B OJTHO U TO K€ BpeMs. AHAIN3
OUMILEHHOM  CIIOABI, KOTOPYH MM  JaBaiy, HoKasal
He3HaunTenbHoe coxepkanne CaO; ee cocraB ObUI OJIM30K K
TAaKOBOMY TTIUHEI, HO ete ¢ 5% K20. Ecnu 51 momymai o cirofe,

Kypuua un anuo

XXypHan ®opmupytowmxcs Hanpasnexun Hayku, Tom 5, Homep 17-18, 2017

TO 3TO OTOMY, YTO sl 3aMeUalT, OYy4IH MOJIOJIBIM, YTO HECYIIIKH,
OCTaBJICHHBIC BO JIBOPE, KJIeBaIH 0€3 OCTAHOBKH CIIFOTY C IOYBBI
MEJIKOTO TPAHHUTHOTO IMECKa B TOW OOJIACTH, T/ie S B TO BpeMs
JKHIL

MHe Ka3anoch, YTO TOJBKO 3Ta JOIMOJTHHUTENbHAs NoOaBKa
KaJusg MOTJia OOBSCHUTH 0Opa3oBaHHE KaNbIUsA B Kypuie. Y
MeHs OBUIH U IPYTHE COBIIAAAOIIIEC HAOIIOACHUS.

PacnipoctparuB 3T0 HabdromeHHE BO BpeMs BHINICYIO-
MsHyTOW mepemadn mo mporpamme Epoma N1 B 1961 1., 5
TMONYYHSI OOMIBHYIO KOppecloHIeHnHuoo. HekxoToprsle nTH-
LIEBO/IBI BOCIIPOM3BENIM 3TOT IKCHEPUMEHT B TEUEHHE IOCIe-
noBatenbHbix 20 paneid, 40 gueit. Torma kak oauH Koppe-
CHOHJICHT COOOIIMII MHE 00 3KCICPHMEHTE, BBITIOJIHCHHOM
Boxnenom u npouutrpoBanHoM Dobepom.

B ycrta ogHOr0 13 CBOMX MEPCOHAXKEH OH BIOKHUI HEKOTOPBIM
00pa3oM kpuTHdeckuii 0030p Hayku okosio 1880 r. OH murer:
'BokiieH, BBIYMCIIMB BCIO H3BECTh, COAEPKAIIYIOCS B OBCE
KypHIl, HaXOOUT ee¢ H30BITOK B CKOpIyNIe ee suIl. Takum
00pa3oM, IPOUCXOTUT CO3JaHne BemecTBa. [la kakum oopazom?
OO0 >TOM HHYETO HEM3BECTHO'.

[Mo-BuamMoMy, STOT OTpPHIBOK OblT BHymeH @mobepy
TpakTatoM ¢(u3nka u xumuka Penbo (ymep B 1878 T1.),
M3BECTHOTO BCEM CTyAEHTaM (M0 KpailHel Mepe, MOEro Bpe-
MEHH), B YaCTHOCTH, CBOUMHU OYEHb TOYHBIMHU TAOJHUI[AMHU TI0
TepMonuHamuke. OH cjaenan MHOTOYHMCIECHHBIE 3aMETKH O
'MPOCTHIX Tenax', KOTOphIE SABJLIOTCA TO JIM METaJUIaMH, TO JIU
METAJJIONJIaMH, O CJIOKHBIX COCTUHEHMSIX, TO JIU KUCIOTaX, TO
T OCHOBAaHHSAX, O TMOHITHAX, KOTOpble HE OBLTH YEeTKO
W3JOKEHB W OOBsCHEHBI 1O cepeamHbl XX Beka Teopuel
Bpencrena, nomnonHeHHo#l Jlaypu: KUCIOTOW SIBISIETCS JOHOP
MPOTOHA, OCHOBAaHHMEM - aKIenTop. PeHbO (IPOIUTHPOBAHHBIN
®obepom) Hammcal: ' MPOCTHIC TENA SBISIOTCS, MOXKET OBITH,
coequaeHUsME' ((pa3a, koTopyro HaxoamMm B ero 'Kypce
xumun'). To, o yem mmcan taxke @orens B 1846 1. s cepsl -
nuTaTa, npuBeaeHHas bepuennycom 6e3 KoMMeHTapHueB. Yike B
TO BpeMsI UMENIUCh COMHEHHSI B HEU3MEHHOCTH HEKOTOPBIX TEII,
Ha3plBaeMBIX 'TIpocThiMH'. To e, 4ro u 00 abCcomoTHOM
MPUMEHEHUU XUMHUHU KO BCEMY JKUBYIIIEMY U UYTO €Ille HaXOUM
y ®nobepa mo moBoxy XuMHH: 'SI He OTpHUIAD ee BakHOE
3Ha4YeHHe, OyIbTe B 3TOM yBepeHBL. Ho ee BITyTHIBAIOT MOBCIOTY.
OHa oKka3bIBaeT HEYMECTHOE BIIMSHUE HA METUIIMHY'.

Ho Tompko B 1971 r. MHe mnpexncraBuiach BO3MOXKHOCTb
B30MTH K HCTOYHUKAM, HAWTH, B OJHOM U3 OHOIHMOTEK
HammonampHOTO My3ess €CTECTBO3HAHUS, TOJHBIH TEKCT
Boxitena. OH 3aciry>xuBaeT, 9T00BI HA HEM OCTaHOBHUTHCS.

A. UccnepoBaHne BokneHa

Ero m3pickanme sBisiercst Oojiee MONHBIM, Oojiee BaXKHBIM,
eiie Oosiee NHTEPECHBIM, YeM S OI03PEBA 110 BHICKA3bIBAHHMAM
®dnobepa. Monueiii Tekct Haxoautcs B 'Armales de Chimie',
1.23-30, mecs auBo3 VII rox, ¢.326, To ecth, 24 crpanus. S
JIyMaro, 4TO €CJIM HEeT OIIMOKU B pacdyerax ¢ MOEH CTOPOHBI, TO
9Ta jgata coorBeTcTByeT 19 sHBaps 1799 r. HccnenoBanue
o3ariaBieHo: 'ONBITHI MO0 YKCKpEMEHTaM Kyp B CPaBHEHHS C
KOpPMOM, KOTOPBbI OHM TIOJNy4YaT, M pasMbIIUICHHS 00
00pa30BaHUM SUIHOH CKOPIyIHI Tp. Bokiena'.

Sl meperpynmnupoBall e€ro UWCICHHbIE 3HAYCHUS,
OpocaHHBIE B €ro TEKCTe, YTOObI
Ppe3yJIbTaThI.

1) Osec: On Opax npuMepHO OJMH (QyHT OBCa, KOTODBIH,

pas-
YIJIOTHUTB OCHOBHOC,
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TOYHO  B3BELICHHBIM, cocraBmger 483,838  rpammosn
'ounmienHoro osca'. Ero cxwurator B (apdopoBoM THIrIE U
noiy4art 6enyro 3o0iy. O6pasyercs 15,285 r ocratka, TO eCThb,
1/32 maccer, wu 0,031 (3,1%).

Ora 3051a TIpH CMEUIMBAHWU C a30THOW KHCJIOTOW HE JaeT
BCIIEHUMBaHUs. Bce B a30THOM KHCIIOTE HE pPACTBOPSIETCA.
Ocraercs HepacTBOPUMBIX 9,342 .

K a3oTHOKHCIIOMY pacTBOpY, OTHEICHHOMY OT HEPacTBO-
pUMOIl YacTH, NPUOABISUIM aMMHAaK, KOTOPBIM aBayl OeIbIid
0CaJI0K, BECAIINH, IPOMBITHII 1 BBICYIIICHHBIH, 5,944 1. DTO0 OBLT
yucThIi hochaT u3BecTH. MaTOUHUK, OT/IENICHHBIN OT (docdara
W3BECTH, NPH CMENIMBaHMM C KapOOHATOM KajWs HE JaBajl
HHUKakoro ocajka. CienoBaTeNbHO, B 30JI€ HE COJEp:Kajaoch
KapOOHAaTa KaJbIIHsl.

HepactBopumas wacte (9,342 r) mMmena cepo-OeoBaThIi
I[BET; HUKAKOTO BKyca, O4eHb Jjerkas. CrjaBieHHas ¢ Tpems
Y4acTsAMHU KayCTUIECKOI COIBI B cepeOpsTHOM THIIIE, C BOJIOH HE
OCTaBISIET HUKAKOTO HEPAacTBOPHUMOTO ocTaTka. HacelmeHHas
COJITHOH (IO-TETepeITHeMy, XJIOPHUCTOBOOPOJHON) KHCIOTOMH,
npu ynapuBanuu aaet 9,182 r ymcroro kpemnesema. B Boae
HaxonmuTcst ximopua kamus. HepactBopmmas dacts (9,342 T),
U3BJICUYCHHAs] U3 30JIbI OBCa, SIBJISETCS, TAKUM 00pa3oM, MOYTH
UCKIIIOYUTETIbHO COCAMHEHHEM YHCTOro KpeMHe3eMa, TaK Kak
ero tam 9,182 r. Pasnocts B 0,160 T 10IKHA COOTBETCTBOBAThH
HEeOOJIBIIOMY KOJHMYECTBY YIJIEPOIHOTO BELIECTBA, KOTOPOE
OKpAILIUBAET 30JIy B CEPBIN LIBET.

B 3akmroueHHe MOXHO CKazaTh, YTO OBEC COAEPIKUT OKOJIO
3,1% oT Macchl €ro 307156l YTO 3TA 30J1a B OCHOBHOM COCTOHMT M3
39,3% d¢ocara m3Bectm m 60,7% kpemHe- 3ema.(Camble
MOCJICIHE METOJbl aHalIu3a JJIM HAaM B CPEAHEM TO JKe
coZieprKaHue 307161, 9y Th OOJIbINE I MEHBIIIE B 3aBHCUMOCTH OT
copTa),

2) Anuo: Ce30H KIAOKH SUI JUITUTCS OKOJIO 6 MecsieB. B
OJTHOM OOIIMPHOM HCCIEIOBAaHUM IIOKa3aHO, YTO Ha TOJ B
cpennem mpuxonutcs 130 mHe# kmamku; co cpeaHedl maccoi
aina B 58,117 r (B HamM AHU NMPOJAIOT KaNHOpPOBaHHEIE SHIIA;
cpenHui pazMep cocTapisieT oT 55 1o 60 rpamMmoB; siino B 57-
58 rpaMMOB BCTpeUaeTcs OYeHb YacTo - HO €CTh TaKXKe pa3Mephl
B 70 1, a apyrue B 50). 3a oguH Ce30H Kypbl HECYT, TaKUM
o0pasoM, Maccy sur B 7 486,226 r. Cropiyma Becut 641,685 .

Ot 3T0i1 cpenHell CTaTUCTHKN OH HMEPEXOANT K HAOIIOACHHIO
HaJl O/IHOH KypHUIIel B TEUEHHE YEThIPEX C MOJOBHHON MECSIIEB.
Ona cHocut 90 stun. OH B3BELIMBAeT 9 CKOpJIAYN U HAaxOIUT
44,796 1. OTH CKOPAYIBI, TPOKAIECHHBIE 10 YEPHOI'O', TEPSIOT
8,321 1. OcraTok pacTBOpsETCS B a30THOW KHCIOTE CO
BcneHnBanueM. Ocrtaetcs 0,217 r yriaepona. A30THOKHCIIBIH
pacTBOp KUITAT AJIS YAAJIEHHS PACTBOPEHHOTO YTIEKHCIIOrO
rasa M J00aBiAIOT K HeMy amMmuak. beuto Haiimeno 0,58 r
¢dochara wmsBectn. Takum o0Opa3oM, Ha KapOOHAT H3BECTU
ocraercs 40,178 r. 13 atoro mmeem Ha 100 gacTei CKOPITyIIBL:

0,896 xapbonaTa M3BeCTH

0,057 pocdara nzsectu

0,047 “xuBOTHAs KJICHKOBUHA' (OpPraHUMYECKUE BEIIECTBA)

3) OkckpemeHTbl: CoxoKeHHas Macca IIOMeTa Jana B
ocratke 5,201 r. IIpu pacTBOpeHHMH 3TOH 30/1BI B a30THOM
KUCJIOTE HE HAa0JII0/1aeTCsl HUKaKoro BCrieHuBanus. [Ipoucxoaur
BBIJICJIEHUE 3allaxa CEPOBOAOPOA, U HEPACTBOPUMBIN B A30THOM
KHCJI0TE ocTaToK coctasigeT 2,335 1. Ilocne moOamieHus
aMMHaKa K Mpo(UIBTPOBAHHOMY OT 30JBI PacTBOPY OCTaeTCs
OOUIIBHBIA OCaOK, KOTOPBIA sBIsETCS (HochaToOM H3BECTH: 2
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rpamMma. JloGaBneHne KaIueBoro kapooHara K GpHUIbTpaTy Jaer
ocamok B 0,185 r kapbonmara wusBectu. Takum oOpasom,
MOJIy4YaloT COOTHOIIEHHs (ocdara W KapOOHaTa H3BECTH B
HOMeTe.

4) BbanaHcbl y kypuu: Bbul TpoOBeleH O3KCICPUMEHT C
3aKpBITOH B KieTke Kypuned. 3a 10 nueit et manmm 483,838
rpaMMa OBCa, U OHa MOJy4aja TOJIBKO 3TOT KopM. fina u
9KCKpPEeMEHTHI, cobOpanHele 3a o3t 10 ngHEe#, Obun
npoananu3upoBanbl. Kypuna cHecna Tosbko 4 sitna.

CoOpaHHBIE AKCKPEMEHTHl CcOCTaBWiIHM Bcero 38,957 r. U3
pacTBOpa B COJSHOM KHCJIOTE MOIY4YeH OCaloK, KOTOPBIi,
otuiabpTpoBaHHbIN, BecuT 8,492 r. BHeceHWe B MaTOYHHUK
'KayCTHYeCKOT0 aMMHuaka' ocaxnaer 7,643 T ¢ocdaTta U3BeCTH.
Maro4Huk, OTIeNeHHBIH OT (ocdara U3BECTH, 00pabOTaHHbIN
KaJheBbIM KapOoHaToM, paeT 2,547 T CyXOoro 3KCTpaKTa,
KOTOPBIH ABISIETCSI KAPOOHATOM H3BECTH.

Ckopnymna sun pamna 19,744 r, mpakTHYecKH BCe B BHIE
kapbonara m3Bectn. C 2,547 T momera SKCKPEMEHTHI il
22,291 r xapboHara m3BecTH, A BeIb 3TOT (YHT OBcCa HaeT
TONBKO 5,944 1, KOTOpBIE MPAKTUUYECKH MOJHOCTBIO SIBJISIOTCS
¢docharom uzBectn. B momere Haxomurcs 11,944 gocdaros, To
ectb, 6 T ocdaroB Oonbilie HA BBIXOJE, YeM Ha BXOJe, Ooiee
4eM BJIBOE TOTO, 4yTO ObLIO BBeeHO. Ho OanaHc kapOoOHATOR eiiie
bosee mobonbiTeH. B moMere Haxomutes 2,547 r kapOoHara, a
B ckopuynie 19,744, To ecth, 22,291 T B BBIIENCHUAX, TOTIa KaK
€ro MpakTHYECKU HET B 3epHax oBca (IAe KalblUi HaXOIUTCA B
Buzie GocdaroB, XOTd ero BeIpaxaroT uepe3 usBecth CaO mo-
CPEACTBOM METOJIUK KJIACCHYECKOTO aHaln3a, KOrja HIIYT
tompko OamaHc Ca, a He ¢ocdaroB m kapbonaToB). Ecmm
cymmupoBaTh 11,944 T pocdatoB u 22,291 r kap6OHATOB, TO
BCEro KaJbIMEBEIEC COJIM COCTABIAIOT 34,235 r, Torna Kak oBec
COIIEPKUT TONBKO 5,944 1. Takum 00pa3oM, BBIXO KaJbIIHEBEIX
cojseii Ha 28,291 r Oomplie, 4eM MX OBLIO BBEIEHO, TO €CTh,
475%-no0e yBennueHue (BbIxoa=>5,75 pa3 Bxoja).

[ToxBenen ObuT Takxke u OanaHc kpemHesema. B 8,492 r,
OCTAIOIIMXCSI TP PACTBOPEHHUH 30JIbI TOMETAa B COJITHOU
KHCJIOTE, CIUIABJIEHHBIX C TPEeMs 4YacTAMH KayCTHYECKOIo
noTamia B CepeOpsiHOM THIIIe, M TMociie 00paboTKH ObLIO
HangeHo 8,067 r uMmcroro kpemHesema; pasHuiny B 0,425 r
MOXHO, TI0-BHANMOMY, IPUIHCATh YIJIEPOIHOMY BEILECTBY,
KOTOpPO€ OKpAalllMBaeT OCTaTOK. A BeAb OBEC COAEPXKUT 9,342 r
KpeMHe3eMa; TaKUM 00pa3oM, i3 Hero ucdesio 1,275 r, KoTopsie
He HaWEHDI.

5) 3akntouyenue: Ilear »dToro wWcciemoBaHus OalaHca
KpEeMHe3eMa COCTOsIIa B TOM, YTOOBI IOCMOTPETh, MOTJIO ObI ITpH
cllyd4ae KPEeMHHEBOE BEIIECTBO IOJNYYUTHCS M3 KaJbLHEBOIO
BemecTBa. OH 00s13aH MPHU3HATh, YTO HET, TaK Kak HaOJIromaeTcs
CIIMIIKOM OOJbIIas IUCIHPONOPIMS MEXAY YBEIHUYCHHEM
M3BECTHSKA M YMEHbIIEHHEM KpemHe3ema. OH nobasiser: 'Kak
Opl TaM HHU OBUIO, HE MEHEe HECOMHEHHBIM SBISETCS, YTO
3HAYUTENbHAsi CyMMa M3BECTH, KaK B COCTOSIHMM KapOOHaTa, TaKk
n B coctosHUM (Qocdara, obpasyercs B opraHax KypHIBI, a
HEKOTOpPOE KOJIMYECTBO KPEMHE3EMa HCUe3aeT' .

3areM, OCTOPOXXHO, TaK KaK pedb HJET TOJBKO 00 OIHOM
SKCIIEPUMEHTE, OH TOBOpPHUT: 'Sl BBHIJal0, BIpPOYEM, OTH
Pe3yJIbTaThl TOJIBKO 33 MHEHHE, K KOTOPOMY OITBIT MEHS KaKnM-
TO 00pa3oM NMPHUBOAWUT BOMPEKH MOEH BOJIE W KOTOPOMY S HE
MOTY OKa3aTh €Ile MOJIHOTO JTOBEPHS;, HO €CIIK OHO BBI3BIBAET
KaKoW-TO MHTEpecC, TO 5 MPHIIIAIIAI0 XUMUKOB IMOBTOPUTH ATH
pe3yapTaThl M BapUPOBATh MX PAa3HBIMU CIIOCOOAMHU.... M1 €CIU
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MBI NpUIIIM OBl K TEM JK€ pe3yibTaraM, TO 3TO ObUT Obl
JEUCTBUTENHLHO OOJIBIION miar B HaTyp¢dmiocopuu, 1 MHOTHE
SIBJICHUSI, IPHYMHA KOTOPBIX HEM3BECTHA, ObUIN OBl OOBSICHEHBI'.

3TO MoceaHUE CIOBa ero TeKcTa. BUaHO, 4To OH mpuaaBat
OueHb OONBIIOE 3HAYEHHE JTOMY HCCICIOBAaHHIO, €TO
OTPOMHBIM THOCJIEACTBHAM. Ho, O MOMM MaHHBIM, 32 HUM HE
MIOCJICIOBAJIH; 51 HE 3HAI0 HUKAKOTO JAIbHEHIIIETO SKCIEPHMEHTA
3TOTO THIIA, U 3TO BBI3BIBACT OOJIBIIOE COXKAJICHHE.

OH craBUT Takke Bompoc 00 wmcyesHOBeHHH (Hocdopa,
MOCKOJIBKY KaNbIMi Toriomaercs B Buue (ocdara (wim,
ckopee, (OCHOPHBIX CIOXHBIX 3(UPOB: (QUTHH U T.1.), a
otOpachkiBaeTcsi, B OCHOBHOM, B Buae kapOonata. Kyna
nepexoaut pasnuna? Uro genaercs ¢ atum pochopom? OH He
IbITaeTCs JaTh Kakoi- au00 orBeT. Ocraercs 3aMevaTeIbHbIM
TO, YTO Ha BBIXOJE KaJlbIIMEBBIX cojicii Oonee yem Ha 400%
Oosibiie, yeM Ha BXoze (Ha moTpeOyieHHBIH oBec). 100, kax
YBHIVM B HaIlIeM HCCIEIOBaHHMH IO MIPOPACTAHHIO 3€PCH OBCa,
IpH TIpopacTaHuy ObLTO TOXy4eHo yBenmmdeHme Ca TOro ke
nopsaaka. Ilpocroe coBmagenne? ComuHuTENnbHO. B Hammx
9KCIIEPUMEHTaxX OYyZET MOKa3aHO TAKXKe IMPOUCX0XKICHUE 3TOTO
kanpist. OTMeTnM, uTo Bo- kieH, coBpemenHuk JlaByasbe, B
OMONIOTMU  JIONMYCKaeT  SKCIICPUMEHTAJbHBIE  PE3YJIbTAThl,
KOTOpBIE HE COIJIACYIOTCSI € 3aKOHaMH, YCTAHOBJICHHBIMHU
MOCJIIHUM, TIPUTOJAHBIMU JIJIsl MEPTBOW MaTEepHU.

6) KomMeHTapui: DOTOT JKCHEPUMEHT, MPOJICTaHHbII
OIHUM M3 Halux Beaukux XuMukoB B koHie XVIII Beka, maer
Ooratbie ypoku. OH IOKa3bIBa€T, Hapsly C IPYTUMH, HTO
HBIHEIIHNE  AHAJIW3bl,  BBIOJHEHHBIE 10  Hauboiee
COBPEMCHHBIM METOAMKAM, MIAl0T, MO KpailHeH Mepe, I
M3BECTH, 3HAYCHUS BecbMa OJIM3KHE K TEM, KOTOpPBIE MOy IaIn
okoio 1800 r. mis oBca WM JUIA sAiIa. JTO IMOKA3bIBAET, UTO
XOpOIIO  BBIIIOJIHEHHBIH OKCIIEPUMEHT YUYEHBIM OOJBIION
BeJIMUMHBI ObIT TpuemsieMbIM. CaMoOHazestHHO ObUTO OBI C
npeHeOpeKeHHEM OTBEpraTh €ro, 3asBiisis 03 OCHOBaHHUH, YTO B
TO BpeMsI METOZbI aHall3a HEe ObUIM JIOCTATOYHO HA/IC)KHBIMHU,
YTOOBI X MOXKHO OBLITO OBl COXpaHHUTh. B HEKOTOPHIX Cirydasx
3TO, KOHEYHO, HE TaK, HO aHAJIMTUYECKHE CPEJICTBA HAIIUX JTHEeW
ABIIAIOTCS Oosiee yIOOHBIMH, Ooyiee MeXaHH3UPOBAHHBIMH,
JOCTYIIHBIE JIFOOOMY XHMHKY BTOPOTO Kjacca, maxe Ui
CIeMaIN3NPOBAHHOTO JJabopaHTa.

B rnaBe 1o cenpckoMy X03SHCTBY MBI BCTPETHUMCS C CEPUSMHU
aHAJIN30B, TPABUMETPUIECKNX WM BBIITOJHEHHBIX C MOMOIIBIO
(¢u3MUecKUX ~ METO/MOB, C  HCIOJb30BaHMEM  Hauboiee
COBPEMEHHBIX MNpPUOOpPOB. A BeAb OHHM [alOT 3HAYCHHUS
abCOJIIOTHO TOTO JXKe MopszKa mo cojepxanuio Ca B oBce. IT0
TaKKe, MO-BUIMMOMY, TTOKa3bIBAET, YTO CpPEIHEE COJEepIKaHHE
Ca B 0OBCe COBCEM HE M3MEHHWJIOCh, HECMOTPSI Ha 3BOJIOIUIO
COpTOB (9TO, BO3MOXHO, HE TaK J/JIsl BCEX JJEMEHTOB U
MHKpPORJIEMEHTOB KaXKIOTO COpPTa; 3A€Ch pedb HAET TOJIBKO O
CpeIHMX 3HaueHMIX U Toybko o0 Ca). To jxe camoe OTHOCHUTCA U
K BblpaxkeHHOMYy B CaO copepxaHHIO B sifllax: OHO He
M3MEHWIOCH cO BpeMeH BoxieHa.

IIpuHsTO, OKPYIIEHHO, UTO cpeHee o comepkut 2 r Ca.
[MonpoGHOe H3ydeHHe, MPOBEIECHHOE C THICSYaMHU SUI, OBLIO
BhINIOJTHEHO Ha Hayuynom dakynsrere Typuna (BerepuHapnas
mkousa) @aycra CeTTn 1715 HOIyYeHHUS €ro TOKTOPCKON CTENeHN
B 1972-1973 rr. [IpuBeneM HECKOJILKO 3HAUCHU: CpETHUE STiilIa
mo 51,9666 r : Ca=2,0381; cpeanue siina mo 52,2800 r
Ca=2,0464. MoxHO TmpeHeOpedb KaJblHeM, KOTOPBIH
HaXOJIUTCSI BHYTPH SHIIA, U TAKOTO UCCIICOBAHMUS, TaK KaK OH
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coctasiser Toibpko okono 0,030 r mpu obmeit macce Ca B 2 T.
Boknen wuM Takke mpeHeOperai; Torga  IOTPEIIHOCTB
cocraBmsier 1,5%, a konuuecTBeHHoe ompeneneHne Ca B
CKOpJIyIle BCET/Ia MOXET OBITh BBINOJHEHO C TOYHOCTBIO JIO
1,5%. HyxHO yunThIBaTH pa3Opoc, HEW30EKHBIM, TaKk Kak
ortHotenre Ca/o01as Mmacca giila O4eHb H3MEHYHBO.

Macca Ca B stifiie Koe0eTcs B 3aBHCUMOCTH OT OPOIBI Kyp-
HECYyILIEeK Jaxke NpU OJUHAKOBOM KopMe. bonpmioe siino Ha
64,076 T, HampuMep, MOXET HMETh TOJBKO OTHOCHTEIBHO
ToHKYIO0 ckopiyty ¢ 1,880 r Ca (Paycra Certn). Yare Bcero, ¢
TOYHOCTBIO JIO OJHOM JECSATOH, MOXXKHO TOBOPUTH O TOM, YTO
cogepkanne Ca B cKopiayne siia HaXxoAWUTCS B IIpejenax
1,9%012 r. MoHO cocliaTbCsl Ha yKa3aHHbIE paHee BokieHom
3HavyeHus: Ha 130 aur npuxoautcs 641,7 r CKOpIynsl, TO €CTh,
4,9 r Ha ckxopuymy, cogepxamryro 90% O3 =4,4r; orcrofa,
Ca=1,74 1. Wmm eme, B TOCIEIHEM DKCIEPUMEHTE,
npuBeZicHHOM BokiieHom, 4 sifa marot 19,744 T ckopirymsl, TO
ecTb, 4,9 T Ha CKOpIYyILy, YTO HEPEKPBIBACTCS C MPEIBLIYIIM
3HaueHreM. OHO MOMafaeT B BUIKY, KOTOPYIO MbI yKa3alH MO
HaiineHHpIM @aycra CerTn 3Ha4YeHHsSIM. TakuM 00pa3oM, MBI
MOXEM paccMaTpHUBaTh UX KaK Ha/Ie)KHBIC.

W3 aroro nenaem pacder, KOTOPBIM HE IPEMUHET yAUBUTH. B
CEe30H KJIaJIKU OJIHAa KypHUIla HEeCeT OJHO SAHII0 B A€Hb. A BeJb BCA
KpOBb KypHIBI coaepxuT Toiapko 25 wmr Ca. Ckopryna
obpasyetcst mpubnusurenbHo 3a 15-17 wyacos. I[lpunumas
OKpYIJIEHHO 16 4acoB, MOKHO CKa3aTh, UTO KypHIla IpeBpaIiaer
Kaxaple 12 MHHYT BeChb KaJbIlMi KPOBM B KJIETKU SHIEBOAA,
KOTOPBI OKPY)XaeT CKOpIymy. OTO CBHAETEIBCTBYET O
Ype3BBIYaHON (PU3HOIOTHIECKON aKTHBHOCTH.

B cmyuae momHoro otcyrctBusi B kopme Ca (4TO OUYCHB
TPYZIHO, K TOMY XK€, peali30BaTh, TAK KaK BECh KOPM COAEPKHUT
MaJi0 KaJblHs, HO MOKHO COCTaBHTh CHHTETHYECKOE MEHIO,
CHIbHO JuiieHHoe Ca) MOHATHO, YTO KypHIa MOXET OBICTpO
MOTEPATh CBOM 3aIachl KaJbIHs: €€ CKeJIeT 0CBOOOXKIaeTCs OT
BCEr0 MOOMJIM3YEMOTO KaJbllUs, TO €CTh, HeMHOTO OoJiee 20%.
Bech ee ckener comepxutr 25 r Ca, TO €cTh, MAKCUMyM 5 T
Mobunuzyemoro. Ha siiitio Tpedyetcst mpumepHo 2 r. K koHIty 3
JTHEW OHa JeKaNbLUHUPYETCS M HE MOXeT OoJblle AenaTh
HOpMallbHOE SHI0, B Ciiyyae momHoro otrcyTctBus Ca B ee
kopme. Ckopiyna TIpekpamaer oOpa3oBBIBaThCS, M AWIO
3aBEpTHIBACTCSI B MATKYI0 [EpraMeHTHYI0 IUICHKy. B
JIEWCTBUTENILHOCTH XK€ ACKaIbIU(UKAIMs 10JDKHa ObITh Ooree
OBICTPOii, TaK Kak Mbl IPEHEOPETIIM B NPEABIIYIIEM pacuere
BeigenieHneM Ca B 1moMeTe, a OHO 3HAYHUTENIbHO, KaK MOKa3aHo
Boknenom. HyxHO oOTMETHTB, YTO BHYTPEHHOCTb sSHlLa HE
numieHa Ca, Tak Kak >KeJITOK HauMHaeT 00pa30BBIBATHCS Ooiee
yem 3a 10 mHEl mepea HOCKOM: 3a SHUIOM, CKOPIIyTa KOTOPOTO
HaXOJAWTCS B Ipoliecce 00pa30BaHMs, pacloyaraercs ATUHHAS
L[ETI0YKA KEITKOB YMEHBIIIAIONIIXCS pa3MEpPOB.

B cnyuae nomHoro otcytcTBus Ca B KOpME MOXKHO OBIIO OBI,
CJI/IOBATEINILHO, OJKUJIATh KIAKY SiIa ¢ MATKOH CKOpITyTIol co
CJIEIYIOLIETO JHS, camoe Ooubllee, K KOHIy ABYX aHeH. B
JICWCTBUTENILHOCTH, HY)XHO OXKHJATh 3HAYMTENIHHO MIOJIBIIE.
[Touemy? IToTomy, 4TO KypHILa CriocoOHa, B ClIy4ae OTCYTCTBHS
Ca, npoM3BOAWTH KaJIBIMH IIOCPEICTBOM TPAHCMYTallUH W3
JIPYTOTO 3JIEMEHTa, €CIM 3TOT 3JIEMEHT NPHUCYTCTBYET B KOPME,
B KOJIMYECTBEC, JOCTATOYHOM JJIsI KOMIICHCAIIMN l'IOTpe6HOCTI/I B
Ca.

BokieH myman, 9Tro C ITOMOIIBIO KpeMHE3eMa, BEpOSITHO,
MOXHO ObUTO OBl OOBSCHHTH TO, YTO KypHIla 'B peXHME
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TUIaBaHMs' HEOMPEIEICHHO J0Ir0 MOXET BBIAENATH B 5,75 pa3
6onbme CaO, yeM oHa noy4daeT. OH OCTaBHII ATY THIIOTE3Y, TAaK
Kak moteps S i02, KOTOPYIO OH OOHAPY)KUJI B CBOMX aHATH3aX,
Janeko He kommneHcupyet yBenauueHuss CaO. OH ucxoaun u3
9TON pabodel THITOTE3Hl M HE MCCIEeNOBall APYTHX 3JIEMECHTOB,
kpome Ca u Si. B To BpeMst He OBIITO HUKAKOH HIEH O CTPYKTYPE
atomoB. [losToMy OH HEe MOr W MOXyMaTh O TOM, YTOOBI
OTIpeneNATh Kanmui. A Belb MBI YBHINM B TJIaBE O CEIHCKOM
XO3SICTBE WCCIEOOBAHUS, BBIIOJHEHHBIE [0 OBCY TIpHU
npopactannu: uMeHHO K ymeHbpmaercs, B To BpeMms kak Ca
yBEIMYHMBaeTCs (3TO peakuus %¢°K + 4H :=: 4°C a, IpUroaHas u
it apyrux u3otonoB K). Takum oOpa3om, MOKHO 3a1aThbCs
BOIIPOCOM, HE SIBJISIFOTCS JIM (DEPMCHTHI, KOTOPhIE HEKOTOPBIM
00pa3oM 'KaTadm3upyrT 3Ty pEaKIHI B JKHBOM, OYCHBb
OJMM3KUMU TIPU TIPOPACTAHUH OBCA - KAIBIEPOOHOTO PacTCHUS,
KOTOpOC HE HY)KIAeTCs B M3BECTHSKE, YTOOBI coepxkarh Ca - u
B KJIETKaX KYpPHIBI, MPOW3BOIAUTEIBHUIBI CKOPIYTIBI, €CITH
KpoBb conepkuT K B nocrarouHom kosindecTBe. bombiioi
WHTEpeC TPEACTaBIIO OBI, OYECBHIHO, IOBTOPEHHE OIIBITA
Boxknena ¢ BBeneHneM B 5To m3ydeHue Oamanca K. S xemaro,
9TOOBI 3TO OBLIO CIENAaHO.

VII.

Ora rnaBa Oyner kpatkoil. J/luereTka sSBIsCTCS, TJIABHBIM
obpa3zoM, oOnacTpto mnpuMeHeHHd. CHCTeMaTH4ecKue U
crenu(UIecKUe HUCCICAOBAHMS 110 IHUTAHUIO COCTOSUIH B
MIOOANBHBIX AKCICPUMEHTAX, BBIMOJIHEHHBIX JOSI MPOBEPKU
TOro, OYIyT JIU BIIOJHE MPUTOJHBIMU IS MIUTAHKUS YEIOBEKA U
JKUBOTHBIX PE3YJIbTaThl, IOJYyUYEHHBIE IPU PA3IUYHOM U3YUEHUH
YEJI0BEKa, )KUBOTHOT'O, PACTEHHM, BKIIIOUAsi MUKPOOPTraHU3MBI.

BoT TakuM 00pazoM MpHUIUIA K MEPEecMOTPY THTAHHS TOJ
YTJIOM 3peHus KanpIudukanuu. JexanpduKanms

HOveTeTuka

CTalla HACTOJIBKO PaclpOCTPaHEHHOH, HECMOTPS Ha JUETHI C
M30BITOYHBIM CHA0KCHWEM KalbLieM, W HacCTOJBKO YacTo
BCTpeyaronieics B 001acTsX, I'/ie BOAA CHIBHO H3BECTKOBAsL, UTO
MEIMIIMHA ¥ KJaccHdecKas IWEeTeTHKa IepecTalild YTOo-ITHO0
noHuMathb. Harmm paGoTs! 1anu OTBET: MUTaHUE CTAJIO CIUIIKOM
OeHBIM Ha MarHUH. DTOT IEMEHT yJAJIIeTCs U3 MOPCKOH comu
MO0 JBYM NPUYUHAM: MH(] YHUCTOTHI, CHMBOJIM3UPYEMBIi OEIIbIM
I[BETOM: BC€, YTO 0eyoe, TO KPaCHBO U XOPOIIO... (CM. MBIIIBSIK,
[IMaHUCTBIC COCMHEHHUS, MOPOHH ); Japyras MIpUYHHA
MPaKTUYECKOTO MOpsiy,

Ka, TaK KaK XJOPHJ MarHusi, KOTOPBIN SBJISAETCS CONBIO MarHHus,
JOMUHHPYIOLIEH HaJl COJIIMH MarHusi MOPCKOW COJIH, SIBISIETCS
CHJIBHO TUTPOCKONMYHBIM, TO OH NPUTATUBAET Mapbl BOABI U3
BO3AyXa M PACIUIBIBaeTCSI B COJIOHKAaX, HE MPOXOAUT dUepes
OTBEPCTHS B COJIOHKAX, OBICTPO pa3MOKaeT OyMa)kHbIe MEIIKHU 1
T.4. IloaToMy ero yOHpaiOT MOCPEACTBOM paHHHUPOBAHHUS.
MOo>HO COBETOBAaTH TOJBKO CEPYyI0, TPyOyIO CONb; ee Tenepb
JIETKO XpaHAT B IUIACTMAcCCOBBIX MEIIOYKaX; K TOMY JKe, ee
MOXXHO CYIINTh HEOONBIIMMH TIOPUMSAMH H MOJIOTH Ha
JNEKTPUUECKON KO(eMOJIKe sl HCIIOJIb30BaHHS B IOPOIIKE
(mmacTMaccoBble MEIIOYKH JIOJDKHBI UMETh KBATH(UKALIMIO 'TUIst
MUIIEBBIX MPOAYKTOB', 0€3 BpeAHOro MmacTudukaTopa).

To e camoe ¥ JuIst MyKH: XOTST, 4YTOOBI OHa Obl1a Oesoi; yeM
Oosibiie oHa Oeyas, Tem Jydme... Ho Myka siBisiercss HU4YeM
MHBIM KaK KpaxmajioM, 6e3 OO0JIbIIOTO MUTATENLHOTO 3HAYEHHS.
B nmpocesanoit Ha 98% xye6HOM Myke (o JI.Panasen) Ha 100
rpamMmMoB MyKH npuxoautcs 140 mr Mg; B mpocesaHHO# Ha 70%
MyKe, KOTOpas SBIAETCS OOBIYHOM MYKOH B KJIACCHYECKOU
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xnebonekapHe, ero Tam He Oonee 20; u3 140 ymanwnu, Takum
oOpasom, 120, 6/7, mouru Bech. B XJIeOHBIX 3epHAX CONEPIKUTCS
npuMepHo 4% IIeIUTI0NO03bl; MOYKHO YIAJIUTh OOJBIIYIO YacTh
9TOM LEJUTI0N03bl, KOTOPYIO UENOBEK HE MOXKET NepeBapuTh (B
MPOTHBOIOIOKHOCTh TPABOSAHBIM), HO YaCTh €€ €My IOJIE3HA
JUIi  CTUMYJIUPOBAaHHSI  NEPUCTAIbTUYECKUX  JABIDKCHHH
KUIICYHNKA W OOJerdaeT MpPOXOXKICHWE dYepe3 KHIICYHHK,
MO3BOJIIET N30ekaTh 3anopa. He M3BECTHO HUKAaKOH METOHKH,
TIO3BOJISFOIEH IPOCTO yaansaTh 0007I09Ky 3epHa (0TpyOH Beerna
collepaT YacTh ONKOBOTO KaMOWs, KOTOpas MOCTYIaeT ¢
HNepuKapnueM Hu3-3a TOr0, UTO CTEKJIOBUAHBIN  CIOH,
PacloNOKEeHHBIH ~ MEXIy JBYyMs  KaMOusIMM, B  HHUX
B3auMoInpoHukaet). Jlydmed Mykoil Obuta Obl Ta, KOTOpas
JaBaja Obl mpoceuBaHue Ha 98%; HO Oe3 mpocewBaHMs, MPU
100%, HOpMaNbHBIN NUIIEBApUTEIBHBIN TPAKT €€ EPEHOCHT, a
T€, Y KOro Cila0bli KUIIEYHHK, OYIyT YIOBJIETBOPSATHCS TaK
Ha3bIBAEMOH 'ONHOHY MYKOH, MpocesHHOH Ha 92% mpopaxe
MMeeTCs CephIi XJIe0 N3 MyKH Ipy00ro momoia, oIy Jaromuiics
n3 MyKH Kak pa3 npu 92 m 98%; 3to Tecto comar rpyOoi
MOPCKOi1 coibio. [I03TOMY B HEM coziepkaHHe MarHHs XOpOIIee.
HexoTopble numa ¢ HemonagkaMu B 00ONAcTH KHIIEYHHKA HE
MEPEHOCAT 3TOr0 MEXAY TeM CIa00ro CoAep KaHuUs LEIIII0IO3BI,
KOTOpOE OCTaeTcs elle B IOJHOW MyKe M OHHM IpPUOErarT K
xJ51e0y, re Myka (Ui CBOUX OJIMHOB, KOHIUTEPCKHUX H3JCIIHH,
Kam M T.0.) 1mpocesHa Ha 80-85% (uHorma m3-3a
HEOJJHOPOAHOCTU BBHIPBIBAHUS IEPUKApIUSA, MEHSIONIIETOCS B
3aBUCHMOCTH OT COpTa, TIpyHTa, TIOAa IIPOCEMBaHHE Ta-
paHTHpYyeTCsl TOJBKO ¢ TOYHOCThIO m0 5%). Ho B 3TOH 'mo-
IynonHoH' Myke camas OombInas 4acTh OEIKOBOTO KaMOws
yZaleHa, a UMEHHO OHa COJEP)KUT IOYTH BCE MHHEPaIbHBIC
coenuHenus. Tak ke u Marauid, kotoporo umeercs 140 mr Ha
100 r mpocesHHoit Ha 98% wMyku, magaer Ao 60 Mr aus
npoceusanust Ha 8§0-85%; 3T0 cocTaBisieT, o KpaiHeH Mepe, 4/7
MarHusl.

MBI IpOCUM YHTATENSI HK3BUHUTH HaM 3TO OTCTYIJICHHE, HE IO
TeMe HaIlleTo TPyJa, HO HaM T0Ka3aJI0Ch, YTO OBIIO OBI MOJIE3HO
BCEM IIOHATH BAXKHOE YHCJICHHOE 3HaueHHe HejxocraTka Mg B
HallleM CTaHJAAapTHOM IUTAaHUH, BCJIEICTBHE TOrO, YTO HaIle
MUTAHUE ABJSIETCS CIUIIKOM HCKAXEHHBIM, 10 MEPKAHTHIIBHBIM
NPUYMHAM, TaK KakK BCE, YTO €CTh NHTATENbHOTO B 3EpHE
y/IaJIeHO, CHOBA BO3POXK/IEHO M MpoJaercst o4eHs poporo. To,
YTO MBI MOKA3aJIM JUIi MAarHusi, KOHCTaTUPYETCS TaKkKe JUIs
Ipyrux sneMeHToB (ocdopa, cepsl...), I MHKPOIIEMEHTOB
(kene3a, Menu, NWHKA...), TaK 4YTO Oelas MyKa SBISCTCS
HOJIYIIPOAYKTOM C OYEHb MaJlOl IUTATEIbHOW ILIEHHOCTBIO,
npuueM 85% OJ1aropoIHBIX MPOAYKTOB YIAIEHO.

Teneps MBI 3HaeM, MOYEMy NMPOUCXOIUT JACKATbITU(PUKAIH.
OMITUPUYECKH HECKOJIBKO CO3AaTeNel TUeTHYECKHUX IIKOJ YKe
KOHCTAaTHPOBAJIM, YTO OIIMOKa 3aKI0Yajach B CIHIIKOM
WHIYCTPHATIHM3UPOBAHHOM MTUTaHUH, u YEeTKO
IPOKOMMEHTHPOBAJI OCHOBHBIE 3a0JyKJEHHUS, HO HE CMOTJIH
ux oueptuts. [IpouutnpyeMm, Hanpumep, smoHua Cakypoia3aBy
(Ocagy), koTOpBIi pacnpocTpaHml Ha 3amnane 'MakpoOHOTHKY',
omnupasich Ha MOU paboThI ¢ 1960 T. i1 00BSICHEHHS 3a11a THBIM
CTpaHaM OCHOBHBIX INPUHIUIIOB CBOEIO METOJA, U3BECTHOTO BO
BceM Mupe. Bo ®@panmum wmeromsl VYJIa B KDY,
ocymectienaele A K. Keddpya, Takke ywm  mou
uccnegoBanud. S coOMparoch JaTh 3TOMY HECKOIBKO MIPHUMEPOB.
OHM MOKaXXyT. KaK HyKHO YYUTHIBATH SIBIICHHE OMOIOTHIECKUX
TPaHCMYTAIlMi JJIs1 COCTaBJICHUS COATaHCHPOBAHHOTO MEHIO
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(3TO BOCIIPOM3BOJIUTCS] HUXKE CO CTPAHMI] IEPBOTO M3/IAHHMS).

HeBo3MOXHOCTE  XHMHYECKOTO OOBSICHEHUSI HEKOTOPBIX
aQHAJIM30B IPEJCTABISIACh MHOTHM; s HE MOTY LUTHPOBATh
BCEX. KOTOpBIE TIOJICJIWIINCh CO MHOI CBOMMH HaOJIOJCHUSIMHU.
HH BCEX TEKCTOB. JOBEICHHBIX 10 MOETO CBEACHHS. Ha 3Ty TEMY.
OpHako s ymoMsHy 00 oxHOW MH(OpMAINH. TOSBUBIICHCS B
xKypHane 'JI1 Bu xmp' 3a gekabpp 1966 1. 3a MOANHCHIO
A KXedpppya. B KOTOpoil NPHUBOOUTCA aHATIH3 CBEXKErO
MHUHZAISI M CYXOrO MHHIAIS;, B IEPBOM COJEPXKHTCS - IO
JI.ParnseH - 87% Bozsl. a BO BTopoM 4.7%. TO €CTb. IPUMEPHO
B 20 pa3 MeHbIIE B 3TOM IocieaHeM. 3 pasHbIX 3HaYECHU.
npuseneHHbIX A.K.XKeddpya. s mpuseny Toipko ciemyromue:

- asorucThle BemecTa Ha 100 r MUHIaN:

CBEXXHI MMHIAIB: 5.67 T.

cyxoit Mungaib: 18.10 1. To ecth. B 3.2 pa3a GoJblie;

- kupsl: 2.19 B cBexeM dpykre; 54.20 B cyxoM (pykTe. TO
ecTb. B 24.8 pa3a Oodbie;

- muHepanbHbEIe comu: 0.96 B cBexunx; 2.50 B CyXHX. TO €CTb.
B 2.6 pa3 Oombe.

OueBHIHO. 4YTO HEBO3MOXXHO TPHHATH KJIACCHYECKOE
OOBSCHEHHE. COTJIACHO KOTOPOMY pa3iHdHe COCTaBOB 00y-
CIIOBJICHO BBICYIIMBaHHWEM. TaK Kak Toraa Obuta OBl KOH-
LEHTpalMsi BCeX KOMIIOHEHTOB OJKBHBajJeHTHa. KoHeuHo.
XMMHYECKHE PEaKLUUH MMEIOT MECTO. TIOCKOJIBKY JKUPBI
YBEJIMYHMBAIOTCS B 25 pa3. Toraa Kak OENKW YBEIWYHMBAIOTCS
TOJBKO B 3 pa3a (M M3BECTHO. YTO JKUBBIC TKAHU: KUBOTHBIX.
3epeH HEKOTOPBIX PACTEHUH CIIOCOOHBI 1aBATh KHUPBIL. UCXO/S U3
YTIIEPOIHBIX HENel caxapoB. TO €CTh. YTO MPHU IMUTAHUU JKUPBI
MOTYT 00pa3oBaThCS. MCXOAS M3 IIIIOMUIOB; HA00OpOT. IpH
NpOpacTaHWy. JMIUAHBIC 3alackl 3epeH INPEeBpamaoTcs B
TIIIOIMBI; y JKUBOTHOTO JKHPBI MOTYT 3aMEHATh HEIOCTATOK
TJTFOTIUJIOB).

Ho xumuueckn Henb3s OOBSCHUTH TO. YTO MHHEpaJbHBIC
COJIM KOHIICHTPUPYIOTCS TOJMBKO B 2.6 pa3za u3-3a yJaJeHUs
BOJbI. TOTAAa Kak BBICYIIMBAHUE JIOJDKHO ObUIO OBl B
JICUCTBUTENILHOCTH YBEIMYUTh KOHIEHTPALMIO JTUX COJel
NpUOIU3UTENFHO B 7.6 pa3. B TO BpeMs KaK OpraHHYecKHe
COEIMHEHHS yBeIMuuBaroTcs 3HauuTenbHO (B 100 r cmexero
3epHa comepxkutrcsas 87% Boasl w1242 T ocratrcs
HeTpoHYTHIMU. B 100 T cyxoro 3epHa OyieM HMETb. IpHYeM BO/Ia
yMmenbiiaercs jgo 4.7 1 100-4.7 = 953 coenuHeHui;
KO3(UINEHT YMHOXKEHHS. A KaXXIOTO COEAWHEHHS. TOT/A
JIoJKeH ObITh 95.3:12.42=7.6).

B cBoem mpyrom skypHame. 'A Tabmp' 3a ampens 1967 r..
A K. XKeddpya obpamaer Takke BHUIMaHUEC HA CPABHUTEIILHBIC
XMMHUYECKHE aHaJM3bl CBEXKEW CIMBBI U CYXOrO UYEpHOCIIUBA.
[IpuBeneHHbIE 3HAYEHHS! HEMHOTO OTJIMYAIOTCS OT TaKOBBIX.
uutupoBaHHbix Jlrocu PanaBeH (KOTOpbIE MBI BCTPETHM
JIaJibIle). HO M3BECTHO. YTO HEOOJIbIINE Pa3Inius HaOI0Aal0TCs
B 3aBHCHMOCTH OT cOopToB u TouB. [ludpsr JI.Panasen Gonee
noApoOHbIe (M COPT YTOYHEH). MBI TaKKe BEpHEMCS K
3HaYCHMSAM. KoTopble oHa maer (st 100 T morpedisiemoro
BELIECTBA).

AHanu3upoBaHHBI 4YepHOCIUB uMeeT B 3.4 pa3 MeHbIle
BOJIBI. YEM CBEXKasl CJIMBa. A BeJlb B USPHOCJIMBE TIIONUALI B 7
pa3 OoJiee CKOHILIEHTPUPOBAHBI; BHICYIIMBAHHE CaMo 10 cede
npuBeo OBl K YMHOXECHHIO Ha 6.2 OpraHMYecKHX U
MHHEPAIbHBIX COCIUHEHHH. MpPUYEM HCHapseTcss TOJIbKO
BKJIFOUEHHAsI BOJIA. A Be/lb JIMIH/IBI M IPOTHU/IBI YBEINYHNBAIOTCS
TOMBKO B 3 pasa; CJIEIOBATENbHO. OHH OTHOCHUTEIBHO
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YMEHBIIAIOTCS. ¥ MOKHO AyMarbh. YTO MOJEKYJSIpHBIE IIpe-
BpalieHuss OHOXMMHYECKOTrO0 THIA 3acTaBlSIOT YacTHYHO
MEPEXOUTh 3TH JIBa COSANHEHUS B ()OPMY TIIIOIIUOB. KOTOPBIE
JICWCTBUTENILHO YBETHUNBAIOTCSL.

Jlns MHUHEpanbHBIX BEMIECTB KOI(MPHUIMEHT YMHOXKEHHS
paBeH TOJIBKO 3 T KalubIysA (KOTOPBIH. CI€ZI0BATENbHO. OTTYAA
ucues); oH paBeH 3.3 mnsg Harpusa. 3.8 A kammsa. 4.4 mns
Mareus. 5 it gocdopa. Haoboport. cepa. ymHOKeHHas Ha 6.1.
COXpaHSET CBOEC OTHOCHTEIBFHOE MPOLEHTHOE COoAepKaHue 0e3
n3MmeHeHus. JKenme3o  yMHoxkaercs Ha 7.2 M TaKkke
yBenuuuBaeTcs Ha 16% cBepx TOro. 4To MOXKHO OBUIO OKHIATh
OT BBHICYyIIMBaHWs. Meab yMHOXaeTcsi TOJbkO Ha 1.6 M mo
NPOLIEHTHOMY COJIEPXKAaHHIO HaXoAuTcs B 4 pasa HIXKE. 4eM
MOXHO OBUIO OBl OXHMJIATh OT BBICYIIMBAHUS;, MapraHer
yYMEHbIIAeTCsl eme OoJipllle. Tak Kak ero IpOLEHTHOE
coJiepkanue B 9.7 pa3 MeHbIIee. eciii Obl MPOMCXOANIO TOJIBKO
BBICYIIMBaHWE. TakuM 00pa3oM. MeOb MW MapraHeln] CHJIBHO
YMEHBIIAIOTCS. a XEJEe30 YBEIHMYMBACTCSA; Mbl OOHApYKHBacM
371€Ch SBJICHHE. YK€ OTMEUYEHHOE B APYTUX CIIydasix U 0 KOTOPOM
c000IIaIOCh B HAIIUX MPEBITYIIHX padoTax.

MBpI BUIMM TakK)kKe, HACKOIBKO Ba)KHO IJISI IUETOJIOTOB 3HATH
9TH W3MEHEHHs COJIEPXKAaHUS KOMIIOHEHTOB (PYKTOB M HTO
COBCeM HeOe3pa3nuHO, Oparhb cBexHe (PYKTHI WIH CyXHe
opyxrel, u A.KXKeddpya (koTopslit naeT Taxke 3HAYSHUS AJIS
CBeXeH M CyXOH IpylIN) HACTOWIMBO 3TO OTMEYall.

A. hameHeHne MuHepanbHbIX BELLLECTB B CyXMX OPyKTax

Ho mogm He o0iafaroT HU TNPO30PIMBOCTHIO, HU HeE3a-
BucuMocThio ayxa A.K. XKeddpya, u MHOrHE KiacCUKu HayKu
He OBUTH JIFOOOTIBITHBIMH.

Bosbmem, Hampumep, 'Tabauipl cocraBa MHUIIEBBIX IPO-
nyktoB' Jlrocu Pannsen (u3 MeaunuHCKOM akaJeMHn) U COTP.
Tam onpeneneno Ha 100 r 3epeH:

- JUI COM B CyXUX IIeJIBIX 3epHax, 580 mr P

JU1s1 mpopociueit cou 67 mr P

- u1st cou B 3epHax 280 mr Ca

Ju1st mpopociueit cou 48 mr Ca

Kyna nepemen ncuesnyBmuii pocdop, KOToporo craio B 8,6
pa3 MeHbIlle, B TO BpeMs Kak B IIPOPOCIIEM 3epHe - HaOyXIero
B BOJIC - KaJIBIHS TOJIBKO B 5,8 pa3 menbine? OtHomenue P/Ca
npoxoauT ot 2,07 B cyxom 3epHe 10 1,39 B mpopociiiem 3epHe.

ABTOpHI 3THX TaOJMIl HE 3aJaBAJIMCh HUKAKHM BOIPOCOM.
31ech BMEIIMBAeTCA IMPOpAacTaHWe, M MBI YBHIUM, YTO OHO
n3Mensier coxepxkanne P u Ca; Bo3pbMeM Hambojiee NIpOCTHIE
CIIyd4au, TJie UTPaeT POJIb TOJIBKO BRICYIITMBAHUE, B IPUHIIHIIE, TIO
KpaifHe Mepe: MBI YBHAWM, YTO 3/1€Ch MMEET MECTO HEUYTO
JpyToe.

B 3esieHoM ropomrke Habmro1aeTCs:

S P Mg Ca
- KOT'Z1a OH 3€JICHBIN: 60 122 42 26
- KOr/ia OH CyXOii: 219 380 130 60

Otu 'aHomManuu' He OpOCHINCH B IJla3a aBTOpoB. Ecim Ol
HUMEJIO MECTO TOJIBKO BBICYIIMBAHUE, TOJIBKO IIOTEPA BO/JbI,
OTHOIICHUE MEKIY MUHCPAJIbHBIMU BCIICCTBAMH OCTAJIOCH OBI
0JMHAKOBBIM. CIieaeM CIeayIONUe CONOCTaBICHUS:

P/S =2 B 3enerom ropoxe

= 1,7 B cyxoM ropoxe, To €cTh, IpuMepHO Ha 15% MeHbIIE
Mg/Ca = 1,6 B 3eneHOM ropoxe

= 2,16 B cyxoM ropoxe, To ecTb, Ha 35% GobIe
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P/Ca=4,7 B 3eneHoM ropoxe
= 6,33 B CyXOM ropoxe, To ecTb, Ha 34% Oob1iIe.

DTo sBJICHUE HE MPOMCXOAWT MPH YYaCTUH BCEro Habopa
3JIEMEHTOB BCEX 3¢pEH WK (PPYKTOB, KOTOPHIC BBHICYIIUBAOTCS
(mammpuMmep, B epcukax, abpuKocax, rpymax, s0J0Kax u T.4. S,
P, Na, K, Mg, Ca 3HauntensHO He u3MeHst0Tcs). Ho nMeHHO
KOTJJa OHO TIPOWUCXOJAUT, OHO OJDKHO OBLTO OBI MOpPa3uTh
paccyJoK XMMHKOB, KOTOpBIE JACTAIOT aHalu3bl, U B Ooiee
CHUJIBHOM CTENEHH Te€X, KTO MX IOMEIIAET B TaOIHUIBI, TAK KaK
UL HEKOTOPBIX bpykToB HA3MEHEHHE OTHOILIEHUS
MHUKPO3JICMCHTOB HaMHOTO 0ojieeé 3aMETHO, YeM TaKOBOE
BBINICYKA3aHHBIX MUHCPATBHBIX BEIIECTB.

S P Mg Ca
CBEXUH 12 28 35 11
CyXoif 36 90 105 21

Bo3sMmeM ciyuaii OanaHa:

BusnHo, yto mpu BbICEIXaHMUM S M MQ KOHIEHTPHPYIOTCS
IpUMEpHO B 3 pasa, HO KaJablMi - MeHbIIe ueM B2 u P - B 3,2
pasa.

Otromenne P/Ca paBHo:

B CBEXEM QpyKTe 2,5,

B CyXOM ¢pykTe 4,3,

TO €CTh, Ha 72% Oounblire.

MBI MOKEM CXKaTh eIle OJIMKE STH U3MEHEHHS.

Jnst urn Me1 nmeem:

S P Mg Ca
CBEXast 10 30 21 32
cyxast 34 116 72 170

OTtHomeHUe cyxoit/cBexuii paBHo 3,4 w1 S u st Mg; 3ato
oHO paBHO 5,3 mst Ca u 3,8 st P; Takum 00pa3om, UMeeT MecTo
ciaboe ysenmnueHne P m odens cwipHoe Ca, OTKy#a OYEHBb
yyBcTBUTENbHOE U3Menenue Ca/Mg u Ca/P.

B BuHOTpane pocdop mepexoaut ot 20 go 145 ot cBexero x
cyxomy, Torna kak Mg nepexomur ot 10 mo 36, a Ca ot 20 o
40. B 1o Bpemst kak P yBemuumics B 7,2 pa3, Ca TOIBKO
ynsomncsi, a Mg yBenuumicst B 3,6 pas. Ot Homenue P/Ca
nepexoauT oT 1 B cBekeM K 3,6 B CyXOM IOCPEICTBOM
yBenmueHus P u nonmwkenus Ca. OTMETHM TakXke, YTO HaTPHUH
yBesnmuuBaeTcs B 11 pa3 B cyxoM, BEpOSATHO, B yIiepd Martuio,
KOTOPBIM yBenW4wjcs TONbko B 3,6 pa3, dYTO O3Ha4aeT
MCUYEe3HOBEHHE yacTH MQ, Tak Kak BBICYIIMBAHUE IPHBOAUT K
COJZICP’KaHWIO BOJbI, B 4 pa3a MEHbIIEMY; CIEJOBaTEIbHO,
MOXHO CKa3aTh, YTO TIOJIOBUHA KAJIBIHMS HcUe3lIa, HO OSBUIIOCH
MOYTH JIBOHHOE KOJHM4YecTBO (ocdopa (XKene30 yBeIUIHIOCh B
11 pa3).

B xamrrane ormeueHo manoe u3menenue mo Ca u Mg; 3ato P
ymenbiaercst (B 1,6 pa3), Toraa kak S yeenuuusaercs (B 2,6 pa3)
- BBICYIIMBAaHWE NPUBOIUT, H3-3a TNPOYHOCTH OOOJIOYKH, K
MoTepe BOIBI TOJBKO HAIOJIOBHHY, TAaKUM 00pa3oM, dYTO
MHUHEpaJIbHBIE BEIIECTBA JOKHBI OBITh B TBOMHOM MPOTIOPIINH,
€CIIi HEe TMPOUCXOIAT (hepMEHTHBIE W3MEHEHHs, 'CTapeHwue',
CO3peBaHMe.

B. ViameHeHne MUKPO3NIEMEHTOB B CyXUX (ppyKTax

IlepexoguM Temepb K HECKOJNBKMM CIy4asM HW3MEHEHUs
OTHOIICHUH MEXIy MHKPOIIEMEHTaMH (HO-TIpEeKHEMY 0 TeM
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JKe TabnuIam).

B cyxowm kaiurane kene3o yBenndeHo B 2,3 pasza; menb B 1,08
pa3; Tak uto Fe/Cu=1,33 B cBexxem u 2,86 B CyXOM, TO €CTh,
yBenuyenue Ha 117%. [To-BuauMomy, 3To yKas3bIBaeT Ha TO, 4TO
Mellb MOXKET CTaTh XEJIEe30M (Ha 3Ty CBSI3b MbI yKa3bIBAJIH B
'"TpaHcMyTanusx mpu cinaboi SHepTur', HO 3Ta CBI3b 00paTHMa,
TO €CTh, 3TO MOXXET HMPOUCXOJUTh B OOPaTHOM HAalpaBICHUH,
o[ IeficTBHEM IpyTHux (pepMeHTOB).

Jrort cirydait HabmogaeTcs B ure, re:

Fe/Cu=1,50/0,06=25 B cBe:xeM ppyKTe,

Fe/Cu=3/0,35=8,57 B cyxom dpykTe,

TakuM obpasom, Fe/Cu Ha 191% Gonee BBICOKOE B CBEXKEM,
yeM B cyxoMm. JKene3o TOJBKO YABOWJIOCH, TOrAa Kak
coJiep)kaHue BOJABI NOHM3WIOCH B 3,4 pa3; 3aTo Menab
yBenuuuiack B 5,8 pa3; TakuMm o0pa3zoMm, KeJle3o UcUe3io, Melib
YBEIMYHIACh.

Otnomenne Cu/Zn (wnm HAOOOPOT) WHOTAA WHTEPECHO
OTMETHUTH, HO B (ure, Ipu BHICYIIMBAHUH, 00IIEe COAEpPIKAHIE
IIMHKa He u3MeHsercs (oH yBemmuuBaercs B 3,4 pasa), u
nsmeHeHne CuU/ZN mporCXOIHUT TOJBKO U3-3a yBenudeHus Ca.

B nepcuke B cyxoMm ¢pyKTe HaOIOAAeTCS TyBCTBUTEIHHOC
YBEJIMYCHHUE B 5 pa3 KOHIIEHTPALIUU €€ MUHEPAIbHBIX 3JIEMEHTOB
(Torma Kak cojiep>kaHue BOJbI B 3,58 pa3 yMEHBIIIAeTCs), HO 3TO
HE TaK Uil MUKPODJIEMEHTOB.

Otromenue Fe/Cu pasHo:

B cBexkeM pykre 0,40/0,05 =8

B cyxoM ¢pykre 4/0,26 = 11,1

Takum 00pa3oM, KOHIGHTpamus JKele3a CTaHOBUTCA
Ooxpmeii B 10 pa3, a Memu 4yTh OoJIbIIE 5 pa3, 9TO TMOKA3bIBACT,
YTO OYCHb YyBCTBHUTEIBbHOE M3MeHeHue Fe/Cu mpoucxonuT He
ot Cu, u xene30 UMeeT IPYyroe MPOUCXOKICHHE.

B rpymue npoucxoaut 6osbiioe uzmenenue Fe/Mn, (cBs3p -
oOpaTuMast, Ha YTO MBI TAK)KE YKA3bIBAJIN B HALITMX TPEIBLAY X
paborax):

0,40/0,06 = 6,6 B cBex)xeM DpyKTe,

1,80/0,20 =9 B cyxom ¢pykre,

TO eCTb, yBenmuerue Fe/Mn ua 36%.

XKene3o yBenuuuiock B ymepd Mn: mepBoe yBeIUUUIOCH B
4,5 pa3, a Bropoil B 3,33 pa3, Torma Kak MUHEpabHbIE
COEIMHEHUs, B 3TOM Cllydyae, yBEIMIWINCh B 4 pa3a. MoHO
TaKKe, AJIs IPYIIH, OTMETHTh OTHOLIeHHe Fe/Cu, KoTopoe paBHO
1,6 B cBexxeM u 3,5 B cyxoM, HaOmojaromeecs He H3-3a
yBenmdeHus: ZN, HO wu3-3a  yMmeHbmeHunss Cu, koropas
YBEIMYHIIACh TOJIBKO B 2 pa3a (II0JI0BUHA MeM ncuesna). Takum
o0pa3oM, MMeeTcsl ABOMHOM HCTOYHMK YBEJIMYEHHUS XKele3a:
Meap W Maprader, W otHomende Fe/Cu, kotopoe paBHO 4 B
CBEXEM, IIePEXOIUT B 9 B CyXoM.

s16710K0 BeaeT cebst B 00paTHOM CMBICIIE, K MBI HIMEEM:

Fe/Cu = 0,40/0,10 = 4 B cBexxem ¢pykre, 1,44/0,58 = 2,48 B

cyxoM ¢pyKTe.

st Fe/Mn umeewm:

0,40/0,04 = 10 B cBexeM PpykTe,

1,44/0,20 = 7,2 B cyxom ¢pykTe.

XKenezo yBenuuunoch B 3,6 pa3, menp B 5,8, maprauern B 5;
YTO MO3BOJISIET MPEANOI0KUTH, uTo CU 1 Mn yBenmumnBaroTcs B
ymep0d Fe (mMunepansnble coemmuenus, S, P, Na, K, Mg, Ca
3aMETHO YBEIMYIINCH B 4 pa3a).

Takum 00pa3zom, 3aMETHO pa3IMIHOE TMOBEJCHNE (EPMEHTOB
y Tpymd u st6ioka, Tak kak oba maror Fe/Cu=0,40/0,10=4 B
cBexeM (pykre, HO B cyxoit rpymie Fe/Cu. = 9 u tonpko 2,48
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JUIs 10J10Ka BCIIEACTBUE 00pa30BaHMsl MeAU B sI0JI0Ke, KOTOpoe
BBICBIXAET, TOT/IAa KaK, HAPOTHB, OHA YMEHBILACTCS B IPYILE;
otHouernne Cu/Zn B cBexkem sionoke pasuo 0,10/0,10=1, a B
cyxom sionoke - 0,58/0,48=1,2; Torma xax B rpyunie Kak pa3s
obparHoe otHommenrne Zn/Cu mpeBocxoaut 1 B cBeskeM (pyKTe
¥ 0COOCHHO B CyXOM, KaK yKa3aHO HHXKe.

B 3epHax 000OBBIX TakKe CIIEAyeT CIelaTh HHTEPECHBIC
KOHCTaTalll¥, CBUJCTENILCTBYIOIINE O TOM, YTO SCTECTBEHHAS
CylIKa, TPH MEUICHHOM BBHICYIIMBAHHUH, SBISCTCS >KUBBIM
SBJIICHHEM, KOTOpPOE TITMyOOKO M3MEHSET OTHOIICHHUS MEXIy
Pa3NMYHBIME MUHEPaJIbHBIMU JIEMEHTAMH, TAK )K€ KaK U MKy
MHKpOJIEMEHTaMH. DTO HY)KHO YYUTHIBATh B TUETETHUKE, TOT/IA
Kak ouiuanbHas IUETETHKa HEe 3aMedaia 3TOro SIBJICHUS, HE
MOrJIa NPOYUTaTh TO, YTO OHA BIHCHIBAJIA B CBOW TAOJHMIIBI 110
COCTaBYy IpPOAYKTOB MUTaHUs. Eciu oxHaXIbl MOKa3aHO, YTO
MeXIy pakoM u oTHoiieHuem Zn/Cu umeercs 3dekTuBHAs
npudarHHas cBs3b (cM. A.Megret - Le Cancer - Maloine, ITapuk,
m3g. 1966), To Hy)XHO IIOCMOTpETh, OyIeT Ju Oe3pa3IudHO
mOTpeOJIATs 3eJeHble 0OOBI WM CyXylo (acoib, TaKk KakK B
HOCJICHUX MeIb B 5 pa3 0Oojiee CKOHIICHTPHUPOBaHA, 4eM B
HEpBBIX, TOTAA KaK LHHK CKOHLEHTPHPOBAaH B 65 pa3: OTHO-
mrenue Za/Cu pasuo 0,8 - TakuM 00pa3oMm, MeId OOJIbIIE, YeM
[IMHKa B 3€JIeHbIX 000ax - TorJa Kak OHO paBHO 5,77 B cyxou
(acomu. CylecTBeHHAs pa3HUIA HAOIIOMACTCS TaKKe MEKIY
rpyuueii u si6;mokom ¢ Zn/Cu=3,6 ms rpymu u 0,82 st s610Ka,
TakuM 00pa3oM, ¢ oTHomeHueM B 4,2 pa3 Oojiee BBICOKUM B
sonoke. IloBbimienHoe orHomienue Zn/Cu  mpu  pake
YCTaHOBJICHO, HO CIICNOBAJIO OBl HCCIIEA0BATD, SBIACTCS JIH €r0
NPUYHHOI HapyIIeHHE MUTATEIFHOTO PAaBHOBECHS MIPU U30BITKE
[MHKA W HEJOCTaTKe MEOH WIH 3TO CIICICTBHE HapyLICHHS
KJICTOYHOTO paBHOBECHUS, OOYCIOBJICHHOIO pPAaKOM; MOXHO
HOXKeNaTh, YTOOBI TAKOE MCCIEIOBaHUE OBLIO CIENAaHO, MPEeXKIe
4YeM Jenarh BBIBOJIBI OTHOCHTCNIBHO HAIIero NUTAHHA WIH
yTBEpXkKIaTh, 4To Oojiee pasyMHO IOKa KylIaTh s0JIOKH, a He
TPYIIH, 3eJeHbIe 000BI, a He CYyXYI0 (HacoJb.

Kakum Obl HM OBUT ATOT YACTHBIA - HO BaXXHBIH - aCIEKT
npoOyieMbl WU3MEHEHMH OTHOLICHWH MEXIy MHHEepaIbHbBIMU
BEILECTBAMH WJIM MUKPO3JEMEHTaMH, AOBOJILHO CTPaHHO, YTO
He ObUIO CJIeNIaHO COTIOCTABJICHUE MEX]Y aHaJIM3aMH CBEXKEro
HPOAYKTA U CYXOro npoaykra. KoHeuHo, ObUIO OBl KOIYHCTBOM
JesaTb 3TO Ui ONaroHaMepeHHbIX KIIACCHYECKOW HAyKH; HO
TOTAAa HE HY)XHO OBUTO OBl HHUYETrO IyOJIUKOBATH, €CIH OBLIO
pelreHo a Priori, 4tro BCAKOE OTKIOHEHHE OOYCIIOBICHO
HOTPEIIHOCTRI0 aHanu3a. K ToMy MOMeHTy, Kornma si Nuily,
'Tabmuam' magam Pangsen wucronusercst 40 jeT; oHH OBLIH
nepen3jaHbl MHOTO Pa3, JNOMNOJHEHbl, HO HHMKOTJAa, M0 MOUM
CBEJICHUSIM, O(pUIHATIBHO HE OTBEPTaluCh, U Bce OUIHaIbHbIe
M YacTHbIE JIMETOJNIOTH (32 HECKOJBKUMH HCKIFOUYEHUSIMH)
MOJIB30BAJIMCh MMH Kak JIOKYMEHTOM, MO MEHbIIeH Mepe,
oumosHpiM. Ho 01HAKO s COBEpIIEHHO HE XO4Y 3THM CKa3aTb,
YTO 51 ABJISIFOCH F'APAHTOM HX TOYHOCTH, YTO HE B YEM YIIPEKHYTb
METO/Ibl aHAJIM30B - HE YKa3aHHbIE - KOTOPbIE CITY)KWIJIN JJIST UX
ycTaHoBNIeHHs. Sl TPOCTO KOHCTaTUpyr TOT (akT, dUYTO
KJaccu4yeckue IyOnuKanuy, Oe30rOBOPOYHO TIPHHSATHIE B
Ka4yecTBE YECTHOM paboThl, TA0T aHAJIU3bI, KOTOPBIE, KOTJa X
CPaBHMBAIOT MEXJy cOOOH, KOTJa WX XOpOIIO MPOYHTHIBAIOT,
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Pa3MBILUISS, a HE CKOJIB3S 110 IU(paM, He CPaBHUBAsS UX, HEJIb3s
00BSCHUTH MHAYE, KAK EPEXO0JJOM OJJHOTO JIEMEHTa B APYTOM,
WHa4Ye TOBOps, TpaHCMyTalueld Marepud, OOyCIOBICHHOW
JIEUCTBUAMHU (EPMEHTOB BHYTpPH (PpYKTa, KOTOPBIA OCTaeTcs
JKMBBIM, WA (DEpPMEHTATHUBHBIM JEHCTBUEM MHKPOOPTIaHU3MOB,
CBSI3aHHBIX C CO3peBaHMEM (Ipud y OaHaHA | T.I.).

OmHO eIWHCTBEHHOE yKa3aHWE OBLIO OBl HENOCTATOYHBIM,
TaKk KaK MOXHO OBUTO ObI TOBOPHTH JHO0 00 ommoOKe, MO0 O
TOM, 49TO CyXOil PPYKT, Hake TOro e COpTa, He MPOUCKOIUI C
TOTO K€ y4acTKa, 4TO U CBEXHH (PYKT, HIIH, TeM Oolee, ¢ TOro
JKe JiepeBa M TOTO ke cOopa ypoxkas. Ecnu s nutupoBan stu
aHaJIM3bI JOBOJBHO MPOCTPAHHO - HO HE BCE, 3TO OBLIO CKYYHO -
TO TOTOMY, YTO OHHM MHOTOYMCIEHHBI W BCE CXOHATCS,
CBUJICTENIBCTBYS 0 XOpOILO OXapaKTepH30BaHHOM,
CTaTHUCTHYECKH OIPE/ICIIEHHOM, COBEPIICHHO HECOBMECTUMOM C
XMMHUEH SIBJICHUHM, HEOOBSICHHUMOM TaK)Xe OLIMOKAMH WIH
(haKTOM HEMICHTHYHOCTH 00Pa3IOB, TaK KaK TOTAA N3MEHEHHS
Obutm OB  OecHOopAOOYHBIMH,  pa3OpOCaHHBIMH,  HE
MOKa3aTeNbHBIMH, YTO HE OTHOCHTCA K IaHHOMY CIIy4aro:
YBEJINYCHUS] 1 YMEHBLICHHS CBSI3aHBI U BCEraa HaGJIIONArOTCS
MEXIy OZHHUMH U TEMH e JIEMEHTAaMH, YTO M3YYCHO B MOHX
NpeaAbIAyIIUuX pa60Tax; Mbl YBUJUM 3TU U3MCHCHHA, B CaMbIX
pPa3HOOOpa3HBIX OHOJOTHUECKHX YCIOBUSX, TMOKa3bIBAIOIIUX,
4TO pC€Yb UIAECT ABHO O ABJICHHUU, CBA3AHHOM C KU3HBIO.

[TeperpynmupoBka, KOTOPYIO MBI 3[€Ch CleNlalld, HECco-
MHCHHBIX HW  HCOCHOPUMBIX Ha6ﬂIO)IeHHﬁ, TMOATBEPKAACT
HCONPOBEPIKMMBIC COBITAJICHUA. Mpl TCHEPb YBUIUM HECKOJIBKO
U3 DKCIEPHMEHTOB, MPOJCIAHHBIX CHCTEMAaTHYECKU AJIS TOTO,
YTOOBI YeTKO YOSAUTHCS B TOM, YTO HIMEET MECTO TPAHCMY TaLlHsI
3NIEMEHTOB OHOJIOTUYECKUM IyTEM.

[TeperpynmupoBKa, KOTOPYIO MBI 34€Ch CHeNalH, Heco-
MHCHHBIX M HCOCIIOPDHMBIX HAONIOACHHMI, MOATBEPXKIACT
HEOINPOBEPKUMBIE COBNAJICHUS. MBI Teleph YBUANM HECKOJIBKO
N3 JKCHEPHUMECHTOB, NPOACITAHHBIX CUCTEMATUYECKU IJIs1 TOTO,
4TOOBI YETKO y6e}1HTI)C$[ B TOM, YTO UMEECT MECTO TpaHCMYyTallnud
3JIEMEHTOB OHMOJIOTMYECKUM MTyTEM.

Hecmorpss Ha I1UIOTHYIO 00OJIOYKY CceMedKa, KOCTOYKH,
MSAKOTb JCHCTBYET Ha 3€pHBIIIKO, CHHTE3UPYs NPONYKT,
KOTOPBIH MOJABIISIET BCIKYIO CIIOCOOHOCTB MPOPACTAaHHsS 3TOTO
3EpPHBILIKA; ITOCIEAHEe HE CMOXKET MPOPACTH A0 TeX I0p, MoKa
OHO He OyseT 0CBOOOMKICHO OT MSKOTU. ECTh Takxke u npyroe
BIOJIHE JJOKAa3aTeJbCTBO JKU3HU MSKOTH, €€ CIIO0COOHOCTH
BBI3BIBATh OUOJIOTHYECKOE JICHCTBUE W HOPMAIBHBIM SIBISCTCS
TO, YTO OHA TAKXKE SBJISICTCS MECTOM SIBJICHHI TpaHCMYTallHi U

HE TOJBKO B 3€pHAX, KOTOPbIE BBICHIXAIOT, JOCTHUTas
CO3pEBaHUAY.
OnybnukoBanHast JI. PannBeH JoKyMeHTalusi Bcerja

paccMaTpuBanach Kak O4eHb Cepbe3Hasi; OHa COCTaBHIIA TOJBKO
MaJIeHbKYI0 4acTh MHOTOYMCIICHHBIX MPHUBEICHHBIX aHAIN30B,
MpUYEM JPYTUE SBISIOTCS KOMITWISIIUSIMHA, OOHAPYKEHHBIMU
COTJIACHO HaJIeXHBIM dKCIIEpUMEHTaTopam. S XopolLIo ee 3Hall B
TEYCHHUEC HECKOJBKUX JIEeT (CIHMIIKOM KOPOTKHX, OHa ObLIa
yHeceHa OOJIE3HBIO), KOrJla OHa OblIa MOEH KOIUIerod B
[TapmxckoM coBeTe IO TUTMEHe; IMEHHO IIOTOMY, UTO 51 3HaJ ee
BBICOKYIO HAay4HYIO MOPSAIOYHOCTb, § 4Yephajg HpUMEpHI,
KOTOpBIe TpeamectBoBanu ee 'Tabnumam'. MoxHO OBUIO OBI
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HOAYMAaTh, YTO €€ TaOJIUIIbI HE IPEACTABISIOT LICHHOCTH, TaK KaK
aHAIM3bl CBEXHMX M CyXHMX (PYKTOB He OBUIM cHeJaHbl Ha
UJICHTUYHBIX y4yacTkax. Ho, W 310 uMeer TeM OObIIyIO
LEHHOCTh: JTH JIaHHBIC SBIIIOTCS CPEIHUMH B pe3ysbTare
OOJIBIIOr0 YHCIIA AHATM30B; MX MOXHO MOATOMY HAaJCIHUTh
JOCTOMHCTBOM I0Ka3aTEIbCTB.

Sl 1OBOXKY [0 CBEINEGHUS 3aWHTEPECOBAHHOTO UMTATEISA
npobnemoit mueretnku ceputo u3 10 crareit mo 'Hemocra-
TOYHOCTH', KOTOPYIO s ormyOnmkoBai B 'JIg Bu Kid3p'..., HAUHHAS
¢ masg 1972 r. mo ampens 1973 1.

Crnenmyer Taxke 0OpaTUTh BHUIMaHHUE Ha TOT (akT, UTO, KOTaa
B IMETETUKE HCTIONB3YIOT IIPOPOCIINE 3€PHA, COCTAB MOCIECAHUX
CYIIECTBEHHO OTJIIMYAeTCs OT HEMpOpocUIMX 3epeH. Heckonbko
IPUMEPOB 3TOro yBUIUM B riaBe 'Cenbckoe X03scTBO' (CM.
YacTtb 2 B JaHHOM HOMepe - MpuM. pea.).
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