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1 OHEJIb U 3AJAYHU U3YYEHUSA TUCHUIIJINHBI.

eas AMCHMNINHBI

- mydyeHue (PpyHIAMEHTATbHBIX TOHATUN, MPEACTABICHUNA U (U3UKO-XUMHYECKUX MOJICICH,

HCIIOJIb3YEMBIX B COBPEMEHHOM PAIMOXUMUMU.

3apaum:

— Pa3bSCHUTH CyTh (PYHJAAMEHTAJIbHBIX MOHSITUH W NPEICTABICHUN PAJUOXUMHUH, PACKPHITH
POJIb PAAUOAKTUBHOCTH B (1)I/I3I/IKO-XI/IMI/I‘~I€CKI/IX mponeccax, ImpoTeKaromunx B 3eMHOH KOp¢E,
rugpocdepe u atmochepe.

— PacCMOTpPETh BOKHEUINME XUMHKO-TEXHOJIOTHYECKHE U
COBPEMEHHON aTOMHOW YHEPTEeTHUKHU.

9KOJIOTMYECKUE IPOOIEMBI

2 MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:

Hucuunnuna «Pagmoxumus» otHocutcess k uukiay bl.  Jucoumiuusel (Moaynn)
BapuaTHBHas 4acTh (aucuuiuinHbl 1o Bbioopy b1.B./IB.4). JlucuumninHa oCHOBBIBaeTCsS Ha
0a30BBIX 3HAHUSAX OTHEIbHBIX NUCHUIUIMH ((pU3MKa, HEOpraHuyeckas XMMHUs, MaTeMaTHhKa) U
OTHPAETCs] HA OCBOCHHBIE NPU U3YyYEHUH JTAHHBIX TUCUUIUIMH 3HAHUS U YMEHUS.

HI/ICHI/IHHI/IHa ABJIACTCA npemneCTBy}omeﬁ JJIA HU3YUCHUA CICAYIOUX  JUCHOUIIINH:
KPpUCTAINIOXUMHU, CTPOCHUC BCIICCTBA, XUMHUYCCKaAa TCXHOJIOTHA, 0e301IacHOCTh
KHU3HCICATCIIBHOCTH.

3 HEPEUEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYUYEHHUSA 110 JUCHUIIJIMHE
MOAYJI1I0), COOTHECEHHbBIX C INTAHUPYEMBIMMU PE3YJIbTATAMMU
OCBOEHMS OIIOII

Kon 1 nammeHnoBanme
peanuzyemon
KOMIIETEHIINU

IlepedeHp MIaHUPYEMBIX PE3YILTATOB 0OYICHHS 110 JUCIIUILINHE (MOITYJIIO),
COOTHECEHHBIX C MHIUKATOPAMHU JOCTUKECHUST KOMIIETCHIUIA

[IK-1
BBINIOIHATh CTaHAAPT-

crocooeH
HblE€ OIEpaluh 110
[peIaracMbpIM  METO-
IAKaM

3HaTh:

OCHOBHBI€ TTOHATHA U OTIPEIEIIEHUS PaTNOXUMHUH;

3aKOHBI paJOaKTUBHOTO pacmaa;

PapgunoaktuBHBIE CeMECTBA ypaHa, aKTUHOYPAHA U TOPHS;

Kitaccudukariio MeTo1oB BRIIENICHIS U pa3eIeHHS,;

OcCHOBHBIE 3aKOHBI, 3aKOHOMEPHOCTH, MEXaHU3MBI U OOJACTH MPHUMEHEHUS
METOJIOB BBIJAENCHUS W Pa3AeieHuS PaIUOHYKIHIOB (COKpHCTAILTH3AINS,
IpoOHas KpUCTAIUIH3AIMS, aJCOPOIIMOHHOE COOCaXKIEHUE, XpoMaTorpadusi,
AKCTPAKIIHS, AIEKTPOXUMHYECKIE METOIBI);

YMeTh:

Bri6paThs onTUMaNbHBIA METO/T BBIICTICHHSI MUKPOKOMITOHEHTA;

Bri6pats HeoOXoaMMBIE IJ1s1 BRIACTEHUS pEareHThl, MaTepHAITbI, YCTPOHCTBA;
[IpencTaBuTh BCE 3TANBl XUMHUYECKUX MPOIECCOB M XUMHUYECKOTO aHaln3a B
BUJI€ YPABHEHHUM pEAKIIUA.

[lomroraBnuBath MPOOBI, CcoAepXKalMe pPATUOAKTUBHBIE SJIEMEHTBI IS
PaIMOMETPUYECKOTO aHAIN3a;

Hcnons3oBaTh 3aKOH pacmaga Juisl pacdyeTa AaKTUBHOCTH U Macchl
PaJrOaKTUBHBIX BEIECTB;

[IpoBoauTh pacdeTsl W3MEHEHHS CKOPOCTH cUeTa TpPH IPOXOKICHUH
PaaroaKTUBHOTO U3IYUYEHHS Yepe3 BEIeCTBO;
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Bnagern:
METOJIMKAaMH MOJITOTOBKH MPOO paJOaKTUBHBIX 3JICMEHTOB JJIsl POBEACHUS

PAaauOMETPUICCKOr0 aHajin3a.
HaBbIKaMU PAaJUOXUMUUYCCKOTO BBIACICHUA OJOYCPHUX IIPOAYKTOB pacmajga

nyOTUKaIMH

HaBbIKaMM TMPCACTABIICHUA HTOI'OB

C€CTCCTBCHHLIX paANOAKTHUBHBIX 3JICMCHTOB.
HaBbIKaMU IMPOBCACHUA paJUOMCTPUICCKHUX I/IBMCpCHI/II\/'I.

HaBbIKAMH  00pabOTKH, U OCMBICIICHUS  PE3yJIhTaTOB
PaIMOXUMUYECKOTO  BBIJCIICHHS 3JIEMEHTOB M HMX PaJUOMETPHYECKOrO
U3MEPCHUSL.

HU3MEp CHUU B BHUIC OTYCTOB H

4.1. O0beM IMCHHMILIHHBI B 3aYeTHBIX equHHIAX (Bcero): 3 3E
4.2. mo BuaaM y4eOHoii padorsl (B yacax): 108

Buj yueoHoii padoTsl KosmuectBo yacoB 648(¢popma
00y4eHusi__0uHasi )
Bcero no B T.4. 110
IUIaHYy cemMecTpam
5
1 2 3
KonTtakTHas pabota oOydarommxcs ¢ 90 90
MIpenoiaBaTeseM
AyIUTOpHBIE 3aHATHUS:
Jlexmn 36 36
[IpakTHyeckne U ceMUHAPCKUE 3aHITH
JlaGopaTopHbie paboThI (1a00paTOPHBII 54 54
MIPAKTUKYM)
CamocrositenpHas pabora 18 18
Texymmii KOHTPOJIb (KOJIMYECTBO U BU/I; TectupoBanue, TectupoBanue,
KOHTpOJIbHAs paboTa, KOJUIOKBUYM, pedepar) YCTHBIH OIpoc YCTHBIH OIpoC
Kypcosas pabora - -
?aplllzél;l) MIPOMEXYTOYHOM arTecTanuu (IK3aMeH, sauer saueT
Bcero yacos o gucCHUILIMHE 108
108 33E
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4.3. Conep:xxanue nucuMIIMHBbI. PacnpenesieHne 4acoB mo TeMaM M BHJAaM y4eOHOMH

padoThI:
dopma 00ydeHus ouHas
Buapl yueOHBIX 3aHATHH Camocro | ®opma
AyAUTOpHBbIE 3aHSITHS BT ATEJIbHAS | TEKYILE
pakTu| Jadopa T padoTa ro
Ha3BaHnue pasjiesioB YecKHe | TOPHBIE ST KOHTDO
M TeM Beero JIEKIN |3aHATHSA| PadOThI B Hﬂp
" , HHTepaK 5
ceMHHap THUBHOM 3HAaHUN
ol dopme
1 2 3 4 5 6 7 8
Paznen 1. PagroakTuBHOCTH
Tema 1. Pa3Butue npeacTaBieHHi O 2 6 7 1 YCTHBII
PaaroOaKTHBHOCTH oIpoc
Tewma 2. PagnoakTuBHBIN pacma 2 6 7 1 YCTHBIH
onpoc
Tema 3. 3akOH pagUOAKTUBHOIO 2 6 7 1 YCTHBIH
pacmnaaa OIpoc
Paznen 2. B3aumoelicTBue U3IyYEHUs C BEIIECTBOM
Tema 4. B3aumoeicTue 2 6 1 1 YCTHBIH
Pa3IMYHBIX BUIOB U3TYUCHHS C OIpoc
BEIIIECTBOM
Tema 5. CriocoObI 1€TEeKTHPOBAHUS 2 6 1 1 YCTHBIH
WOHU3UPYIOIIUX U3TYy4EHUN ompoc
Pasznen 3. PagnanmonHas 0€30acHOCTD
Tema 6. Bo3zaelicTBue uznydeHus Ha 2 6 1 1 YCTHBIH
JKUBBIC OPraHU3MBbI onpoc
Tema 7. Bxnaa pazanyuHbIX 2 1 1 TECTHPOB
(bakTOpOB B 103y 00IydeHHUS aHue
Paznen 4. PagroakTHBHOCTH OKPYXAIOIIEH cpeibl
Tema 8. Knmaccuduxanus 2 1 1 TECTHPOB
PaguoOHYKIUAOB 110 UX aHue
MIPOUCXOKICHUIO
Tema 9. TexHoreHHbIE 4 2 1 TECTHPOB
paIuoOHYyKJIMAbI aHue
Pazgen 5. SlnepHble peakuuu U MPOU3BOACTBO PAIUOHYKIIUIOB
Tema 10. SnepHbie peakuun 4 2 1 TECTUPOB
aHHUC
Tema 11. [losnyueHnue peakTopHbIX 2 6 1 1 YCTHBIH
PaIOHYKIIUIOB onpoc
Tema 12. Pagnonyxingasie 2 1 1 TECTHPOB
TC€HEPaTOPhI AHHC
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Pa3nen 6. IIpuMeHeHne paJuoHyKINIOB
Tewma 13. [lonsitue o sipepHO 2 1 1 TECTHPOB
MEIHUIITHE aHue
Tema 14. OcHOBBI METOIA 2 6 1 1 YCTHBIH
paIvOaKTUBHBIX WHINKATOPOB onpoc

Pa3nen 7. OCHOBBI ,1€pHON SHEPTETUKU
Tewma 15: SInepHbIil TOIUIMBHBIN 2 1 2 TECTHPOB
IHKJ. Y CTPOMCTBO aTOMHBIX atne
pEaKTOPOB
Tema 16. [lepepaboTka 061yd4eHHOTO 2 1 2 TECTUPOB
TOILINBA aHue
HUTOI'O 36 0 54 36 18

Hcnons3yeMble HHTEPAKTUBHBIE 06D330BaTeJ'H)HI)Ie TEXHOJIOTHH

B mpomecce wu3ydeHus

JHUCIHHUITIINHBI,

nenslo  (opMuUpoBaHUS

U pa3BUTHSA

npo¢heCCHOHANBHBIX HABBIKOB OOYYAIOIIUXCS, HApSAy C TPAJAUIMOHHBIMA BUJIAMU 3aHSTHH,
MIPOBOJATCS 3aHATHS B HMHTEPAKTUBHBIX (OpMax: KOMIBIOTEPHBIX CHUMYJSALUN, AETIOBBIX H
POJIEBBIX UIP-CEMUHAPOB, Pa300p KOHKPETHBIX CHUTYyallMif, B COYETAaHHMH C BHEAyIUTOPHOI
paboTtoii. B paMkax y4eOHOTO Kypca MpeayCMOTPEHBI BCTPEUH € MPEICTABUTEISIMHA POCCUUCKUX
U 3apyOeKHBIX YHUBEPCUTETOB M HAy4YHbIX OpraHM3allfii, MacTep-KJIacchl OSKCIEPTOB U
CHEIHAJIUCTOB.

Jlexuu mpoBOAATCS B clieAyrouux (opMax: JeKIHs-Bu3yaau3anus (C UCIoIb30BaHHEM
pa3nuyYHbIX (POPM HATISTHOCTU: KOMIIBIOTEPHbIE CHUMYISLUU, PHUCYHKH, (OTO, CXEMbl H
TaONMIIBI), JICKIUA-KOHCYIbTalUs (OcyliecTBiIsseMass B (OpMaTe «BOMPOCHI — OTBETHI»),
npoOeMHast JISKIUS U JIEKIUS C 3apaHee 3alllIaHupOBAHHBIMU OIIHOKaMHU.

[IpakTyeckue 3aHATHS TPOBOAATCA B CleAyoluX (opMax: KOJUIEKTHUBHBIA pa30op
pelIeHHs] CUTYallMOHHBIX 3a/lad Ha OCHOBE aHalu3a MOJOOHBIX 3ajad, aHalu3 pPe3yJbTaToB
J€MOHCTPAIIMOHHOTO SKCIIEPUMEHTa, a TaKKe BBIMOJIHEHUE HCCIEAOBATEIbCKUX padboT
YaCTUYHO-TIOMCKOBOTO XapakTepa.

VY aeneHBIN BeC 3aHATHIA, TPOBOJAUMBIX B MHTEPAKTUBHBIX (hOpMax, OMpeesIeH ¢ Y4ETOM
MOCTABJIEHHOW Ienu paboyeil mporpaMMmbl, OCOOEHHOCTEH OOYyJaroIIMXCS U COJEp>KaHus
JTUCHUIUIMHBI U cocTaBIstOT He MeHee 20% OT Bcero o0beMa ayAuTOPHBIX 3aHATHIA.

1. Cooepotcanue kypca.
Pasznen 1. PagnoakTHBHOCTD
Tema 1. Pa3zBuTtue npeacraBieHuil 0 paIuoaKTUBHOCTH .
Dopma npoeedeHUs—IeKYUS-BU3VTUBAYL.
Borpock! it paccMOTpeHus:
Omkpwimue paouoaxmusnocmu. HMzomonwvi. Teopus cmpoenus amoma. Omkpvimue
Heumpona. [lenenue ypaua.
Tema 2. PainoakTuBHBIN pacna.
Dopma nposedeHLs—IeKYUS-BU3VTLBAUL.
Borpocs! it paccMOTpeHust:
Paouoaxmusnocme. Onepeus ceasu sdpa. Ouepeus pacnada. 3aKoHbl COXpAHEHUs U
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paouoaxmuenulil pacnad. Heumpuno.
Tema 3. 3ak0H paJMOaKTUBHOIO paclaja.
Dopma nposedeHLsI—NeKYUS-OUCK) CCUL
Bornpocs! st mckycenm:

Eounuyer  paouoaxmuenocmu. 3axonm pacnaoa. Paouoaxmuenvie pasnogecus. Bekosoe
pasHogecue, NOOBUIICHOe pasHosecue, omcymcmeue pasHogecus. CmamucmudecKull
Xapaxkmep paouoakmueHo20 pacnaoa

Paznes 2. BzaumoneiicTBHe H3J1y4eHHs € BelIeCTBOM

Tema 4. BzauMoaelicTBre pa3inyHbIX BUJIOB U3IYUEHHUSI C BELIECTBOM.

Dopma nposedeHLsI— IeKYUS-OUCK) CCUSL
Bornpocs! st mckycenm:

Jluneunas nepedaua suepeuu. Bzaumooeiicmeue anvgha-uacmuy c sewgecmseom. Kpusas bpaeaa.
Bszaumooeiicmeue snexkmponos u noszumponos c eewjecmeom. TopmosHoe u3znyuenue.
Yepenxosckoe usznyuenue. Bzaumooeiicmsue camma-keanmos c eeujecmeom. Mexanusmol
s3aumooeticmsusi. Pomoaghghexm. Komnmonoecxoe paccesanue. Obpazosarnue nap.

Tema 5. CriocoOb! 1€TEKTHPOBAHUSI HOHU3UPYIOIINX U3TyYSHHH.

Dopma nposedeHs —eKYUS-KOHGDEPEeHYLIAL

Bormpoch! 11t KoHbepeHLv:
Tunvr demexmopog uznyuenui. HMonuzayuonnvie oemexmopvl. CyuHmuiAYUOHHbIL CHOCOO
peaucmpayuu. Ilonynposoonukogvie  Oemexkmopbl. Paouoepadghus. Ipunyuno

cnekmpomempuu.  Ilonamue  sppexmusnocmu  pecucmpayuu.  Pecucmpupyemas
akmusrocmob. Cnocodwvl onpeodenenus Kod@phuyuenma pecucmpayuu.

Pa3nen 3. Paananuonnasi 6e30nacHOCThL

Tema 6. Bo3aelicTBue n3nydeHus Ha )KUBbIE OPTaHU3MBbI.

Dopma nposedersi— -KOHGhEDEHILIAL
Bornpock! st koHbepeHtw:

THouamue doszwvi. Ilpupooa eo3zoeticmeus uznyuenus Ha opeanusm. Bzaumocessnso agpghexm-0o3a.
Ipunyunei, nexcawjue 6 ocHoge paouayUuOHHOU 3AUUMbL.

Tema 7. Bxinaa pa3nuusbix (pakTopoB B 103y 00TyUSHUS.

Dopma nposederusi— -KOHGhEDEHILIAL
Bomnpock! st KoHbepeHtw:

Ilpobnema paoona. Buympenunee obayuenue. Pecuonvl ¢ aHOMANLHOU  NPUPOOHOU
akmuenocmoio.  Kocmuueckoe — usmyyenue.  Bvicommuvie  nonemwl.  Meouyunckoe
peHmeeHosckoe oocnedosanue. Cmpoumenvhvie MAmepuabl.

Pa3nen 4. PaainoakTHBHOCTBb OKpY KaolIel cpeabl

Tema 8. Knaccudukanus paanoHyKIUAO0B 110 UX TPOUCXOXKICHUIO

Dopya nposedeHus—NIERYUs-KOHDEDEHYLIL
Bornpock! st KoHbepeHtw:

Ecmecmeennvie psaovi. Kocmuueckoe usznyyeHue u Kocmo2eHHvie paouoHykauowvl. OcHoeHbie
nymu o06pazosanusi paouoHyKiudo8 8 pe3yibmame KOCMUUeckoeo usznyyeHus. Muepayus
paouonyknuoos 6 npupoode. Kanuii-40. Ypan. Paouii.

Tema 9. TexHOT€HHbIE PaIMOHYKIIN IbI

Dopma npoeedeHUs— IeKYUS-KOHDEDEHYLSL
Borpock! [y1st KOH(pepeHI M

Texunocennoe  npoucxodcoeHue  paouoHykiuoos.  Hoepuvie  63pvigbl.  [leamenbHOCMb
npeonpusmull  0epHO-MONIUBH020 Yukld. Tpancnopmmuvie dHepeemuyecKue yCmaHOBKU.
Asapuu na ASC: Yepnobuinb, Pykycuma.

Paspnean S. Slnepuble peakuuy ¥ NPOU3BOACTBO PAAUOHYK/IHI0B

Tema 10. Snepuble peakuuu
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Dopma nposedeHisi —NeKyus-KoHpeperyusi
Borpock! 1yt KOH(pepeHI

Tunwr si0epnvix peaxyuii. Ceyenue peaxyuu. Mexanuzm soeproti peaxkyuu. Cocmagnoe 50po.
Pezonancuvie u nepezonancnuvle npoyeccoi. Peakyuu noo oeticmseuem 3apsanceHHblx 4acmuy.
Peakyuu noo oeticmeuem netimpornos. Ilopocosguvle peakyuu.

Tema 11. [losryueHne peakTOpHBIX PalOHYKIUIOB

Dopva nposedeHvA — TIeKYUA-KOHDEDEHYLIL
Borpock! w1t KOH(pepeHI:

Voenvuas axkmuenocms peakmopHulx paouonykiudos. Knaccugukayus wuzomonog — ¢
Hocumenem, 6e3 Hocumens, 6e3 OobasneHusi Hocumensd. 3AKOHOMEPHOCMU HAKONIEHUs.
PAoOuoHyKnuoo8 6 peaxmope. Muwenb. Hzomonno-obocawennvie muwenu. Cnocoouvl
nepepabomku  ob6nyyeHHblX ~ Mmamepuanos. Ilpumepvl  npouzeoocmea - peakmopHuIX
Paouonyknuos: kooanvm-60, upuouii-192, uoo-131, cmponyuii-89

Tema 12. PaguoHykinHbIE TEHEPATOPHI

Dopma nposedeHLs— IeKYUS-OUCK) CCUSL
Borpock! st pckyccn:

Ipunyun pabomuvr  paouonykiuonozo 2cerepamopa. OCHOBHble 2eHepamopHble Nnapul,
Haxooawue npakmuieckoe npumenenue. Koncmpykyus ecenepamopos. Ienepamopsi
copoyuonnozo muna (cenepamop mexuveyus-99m). I'enepamopuvl SKCMPAKYUOHHO2O MUNA
(cenepamopor mexueyus-99M u ummpus-90). Ocobennocmu s3xcniyamayu U HAKONIEeHUs
00UEPHUX PAOUOHYKIIUOOB.

Pasznen 6. [IpumeHeHue paaMoHyKJINI0B

Tema 13. [lonsAtue o a1epHON MEIUIITHE

Dopma nposedeHsI— IeKYUS-OUCK) CCUL
Borpock! st pckycen:

Paouonyknuonas ouacnocmuxka u mepanus. Bvibop paouonyknuoos. Paouonyxnuowvr ons
ouaenocmuxu. Texneyuu-99m. @mop-18. I[punyun ODIKT, I[IDT. Tepanesmuueckue
paouonyknuoel. Cmponyuii-89, ummputi-90, uoo-131. Cpeocmea docmasku paouoHyKuoa.
Paouogapmnpenapamei. Jlyuesas mepanus.

Tema 14. OcHOBBI M€TOJ1a PAIMOAKTUBHBIX HHIUKATOPOB

Dopma nposedeHsI— eKYUS-OUCK) CCUL
Borpock! st pckyccn:

OcHosbl  mMemooa paouoakmueHvix uHouxamopos. HMzomonuwviti o0o6men. OcobenHocmu
noeedenuss paouoHyKIuoo8 6 yobmpapazbasienHvlx pacmeopax. Ilpumenenue memooa
PAOUOAKMUBHBIX — UHOUKAMOPO8 6  aHanumuyeckou  xumuu. Memoo uzomonHoz2o
pasbasnenusn.  Yyscmseumenvnocms — memooa.  Paduomempuueckoe — mumposaHue.
Hetimponno-akmusayuonnsiii ananus. OnpeoeneHue @QUIUKO-XUMUYECKUX NAPAMEMPO8 C
UCNONIBL308AHUEM PAOUOAKMUBHBIX UHOUKATNOPOS.

Pa3nes 7. OcHOBBI 11CPHOI JHEPTreTHKH
Tema 15. SInepHbIil TOIIMBHBINA UK. Y CTPONCTBO aTOMHBIX PEAKTOPOB
Dopma nposedeHUs—IeKYUS-BU3VTUBAUL.
Borpock! it paccMOTpeHus:
Ilonamue sdeprnoco monausnozo yuxna. /Jooviua ypana. Obozawenue ypaua. I[Ipouzeoocmeo
MOnaUBa. Ycmporicmeo amomuvix peakmopos.
Tema 16. [lepepaboTka 001y4eHHOTO TOTIIIMBA
Dopma nposedeHUs—IeKYUS-BU3VTUBAUL.
Borpocs! it paccMOTpeHust:
Cxembr nepepabomku ompabomaswieco s0epHo2o monaued. Ieonocuueckoe 3axoponeHue
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0mpa60maHHoeo }z()epnozo monJjusea upaduoakmueHblx 0MX0008.

6. TEMbI IPAKTUYECKNX 1 CEMUHAPCKHX 3AHSTUHA
He MPeAyCMOTPEHO YUeOHBbIM MJIAHOM

7. JABOPATOPHBIE PABOTbBI, IPAKTUKYMbI
Temut nabopamopmnvix pabom
(nonmvlll mexcm 1a6opamopHuLx pabom npueeoeH 8 NPULOHCEHUL)

PABOTA 1. U3mepeHne paluoaKTUBHOCTH C IIOMOIIBIO CYETUNKOB
I'eitrepa-Mromnepa

1.1. Ilpuniun paboThl ra30BbIX HOHU3ALMOHHBIX TETEKTOPOB
1.2. O6paboTKa pe3yNbTaTOB U3MEPEHUS PAAHOAKTUBHOCTH
1.3. YcranoBka co cuerunkoM [ 'elirepa-Mroiepa

PABOTA 2. Ompenenennie aOCOMIOTHOW AKTUBHOCTH METOJIOM (DUKCHUPOBAHHOTO TEJIIECHOTO
yria

2.1. BnusHHEe CBOWCTB H30TONA W YCIOBHM HW3MEPEHHN Ha BEJIWYHUHY PETUCTPUPYEMOMU
AKTUBHOCTH

2.2. Onpepaenenne adCOMIOTHOM akTUBHOCTH Tipernapara 90Sr(90Y)

PABOTA 3. Unentudukanus paauoHyKIUI0B METOJIOM raMMa-CIIEKTPOMETPUH

3.1. 'amma-cniektpoMeTpust

3.2. OmnpeneneHue aOCONIOTHBIX AKTHUBHOCTEH PAJIMOHYKIHAOB B  Tperaparax JUOKCHIA
00€THEeHHOTO ypaHa

PABOTA 4. Jlo3uMeTpusi HOHU3UPYIOLIETO U3TYyYEHUS
4.1. PaguanmonHast 6e30MacHOCTh U OCHOBHBIE IOHATHS JO3UMETPUU

4.2. I/I3MepeHHe MOIIMHOCTHU A03bl raMMa-u3JIy4CHHA U pacuCT 3alllUThI

PABOTA 5. Onmnpenenenue 3arpsA3HEHHOCTH PaJUOAKTHBHBIMU  BEIIECTBAMHU  PabOYMX
IMOBEPXHOCTEMN
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PABOTA 1. H3MEPEHHE PATHOAKTHBHOCTH C IIOMOIIBIO CHETYHKOB
I'EUTEPA-MIOANAEPA

1.1. ITpEHITED paboThI rA30BEIX HOHHZAIIHOHHEIX IeTEKTOPOB

JmepHoe HITYHEeHHE B NOJABIAIOMEM OOMEBINMHHCTEE CIVIACE PETHCTPHPVETCH C IIOMO-
B JETEKTOPOB — YCTPOHCTE, MpecOpasyIoIIHK SHEPIHIO AIepHOTO HITYIeHHS B COOTBET-
CTEVIONTHE WIEKTPHYECKHE CHTHATEL, KOTOPEIE 33TEM HIMEPAKTCH H 3aMHCEIBAIOTCH PATHO-
METPHUECKOH ammaparTypoi. PadoTa ZeTEKTOPOE OCHOBAHA HAa HOHHIHPVIOINEM IeHCTBHH
HITyIeHHA HIH 3QderTax, o0yCIOBISHHEIX HOHH3AIHeH BemecTBa. HE#e KpaTko pac-
CMATPHBASTCA MEXAHHIM PEeTHCTPAIHH AOepHOTO HITYHIEHHA ¢ IOMOIIBEE MA30EEX HOHHIA-
IHOHHEIX JeTEETOPOE, CPETH KOTOPEIX HAHOOMBIIEE NIPHMEHEHHe HAXOIAT CUETIHEH | ef-
repa-Mronnepa.

JeTekTOPE] IPeIcTABIA0T coD0H 3amoMHeHHOE TA30M VCTPOHCTEA ¢ OBVMA JNIEKTPOIANMH,
Ha KOTOPEIE IOJASTCA BEICOKOE HANPAKEHHE (CXeMa BEMHOUeHHd Ha puc. 1.1). ITox mefict-
BHEM 3MIEKTPHYECKOTO IOIA IIEKTPOHEI H HOHEL, 0OpP320BABIMHECH IPH IIPOXOATNEHHH
AnepHoil gacTHIk! (doToHa) epes paboumii o0keM OeTeKTOPA, HAMPARIEHHD MepeMelnaroT-
CH K 3MeKTpotaM. [IpH 3ToM NpoHCXOIHT «pPazpaly HCTOMHHEA BEICOKOTO HAIPAHEHHT Te-

3 1 [PE3 TAZ0BVIO CPEOV H COITAETCH
PAa3HOCTE NOTEHUHATOE (BEIXOI-
¥ C HOH CHIHAT) Ha COMPOTHEIEHHH

"_ E. AMITHTYIA BRINOTHOTO CHI-
HaTa BO MHOTOM ONpeIeTfeTcH
OpONECCOM PAzBHTHA PAIPAIA,
KOTOPEIH, B CEOK OYepels. 3aBH-
CHT OT NpPHICHEHHOTO HAIPA-
o1 AEHHA, HOHCTPYVEIHH AeTeKTopa
4 H COCTABA [a33-HAIOIHHTEIE.

B HacToameH paboTe HCIIONE-
IVIOTCA IHIHHIPHYECKHE CaMo-
TacAITHEeCH TATOTEHHEIE CHeTIH-
EH  lefirepa-Mronaepa TEma
Puc. 1.1, CxeMa BEFOTEHHA FA30BOI0 CIETIHEA CTC. paBoumii 00BEM KOTOPBIX
1-apox; 2-—Egaton, 3 —mzomATOp; 4- HCTOYHHE
BRICOKOTO HAPAHEHHA, 5- QIOK pPeTHCTPAHE,

R — HarpyzouHOE conpoTHENeHERe, (- KOHIeHCATOp

b
th

JAONHEH CMECHK aproHa (oc-
HOBHOH KOMIIOHEHT) H XI0pa
HIH OapoE OpoMa (racAmas go-
Oaeka). CTeHKH UHIHHIPA HB-
TIAIOTCA KATOZOM, A HATAHVTA IO
OCH CUeTUHEA TOHEKAA METAMNHYecKad HHTE — aHomoM. Ha 3mekTpomwl momaeTcd pabodes
Hanpaxerre 400450 B. IlockombEy IHAMETPEL MeKTPOIOE PAITHHATCA MeXIy coboH B
COTHH pa3, HAIPAEEHHOCTh I0AA BOMHIH HHTH Ha 2-3 mOpHOEA BEINE, 9eM OKOIO CTEHEH
UHAHEEApa. ChoegyeT oTMETHTE, UTO NHIHHIPHYECKHH KAaTOI-CTEHKA H PACTIOIOHKEHHEIH KO-
AKCHATEHO AHOJ-HHTL ABIAIOTCA OOIIHM 3IeMeHTOM KOHCTPYEIHH cUeTIHEOB [ efirepa-
Mronnepa moOGoro THIA.

Caernirm [ efirepa-Mroanepa XapakTepHIVIOTCA TeM, 910 B HEEOTOPOM HHTEpPEAIE IIO-
JAaBasMor0o Ha 3IeKTPONEl HAOPEEHEHHdS AMIUIHTYIA BENOJHOIO CHITHATA HE 33aBHCHT OT
JHEePrHH AfepHoH gacTHUEL Padouee Hanpa#eHHe. OT NPABHIEHOTD BEIDOPA KOTOPOTO BO
MHOTOM 33BHCHT CTAOHIEHOCTE PA0OTEI CHETIHEA, TOLAHO COOTEETCTROBATE CEPEIHHE 3TO-
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ro HHTEPEATA. B perHcTpHpVIOIIEK IpHOOPAX, KOTOPEIE, KAK NPABHIO, CHAOKEHE JeTeKTo-
PaMH OIpeIeNeHHOro THOA, Tpedyemoe (VEAaHHOE B MACIOPTE) MOCTORHHOE HANPIKEHHE
NOOIEPAHBAETCA ABTOMATHIECKH.

Pado1ee Hanpa#EeHHe 0DECNETHBAET [IOABJICHHE TaK HA3BIBAEMOIC «IIPEPEIBAEMOID KO-
POHHOTO pazpiiay. JIEETPOHEL H HOHEL, 00paz0BABIIHECH KAK IPH IPOX0EICHHH AIepHOH
TacTHIE! (OTOHA) depes pabouHi 00BeM JeTeKTOpa, TAK H Ha CIEIYIOITHK CTATHAX PasBH-
THA Pa3pAda, YCEOPAKTCA MISKTPHISCKHM IOIeM H NPHOOPeTArT JHEPTHED, JOCTATOTHYED
I7A HOHH3IAHH H BO3DYVAIEHHA DONBINOTC THCIA aTOMOB. B pe3yieTaTe B NpOCTpaHCTBE
BOIHIH aHOTA 00pPa3yIOTCA TABHHEI 3aDETECHHEX TacTHI. DPOTOHOHHIAITHA MOTEKYI Talo-
T€Ha H MaTepHANA KaT0da WICKTPOMArHHTHEIM HITVIEHHEM B030VAIEHHEIX aTOMOE apIoHA
cHoCOOCTEYVET MIHOBEHHOMY PacllpoCTPaHeHHIO PaspAla BIoms BeeH IMHHE aHoda. B pa-
toweM obbeMe geTekTopa obpazverca go 107 map HOHOB, IpHYeM HX HHCIO He 33BHCHT OT
NepPBHYHCH HOHHIALHH.

SDIEKTPOHEI DRICTPO (MeHee, TeM 2a 107 c) coOHpaOTCd HA aHONE, 9TO BEIRIBAET HM-
IIyIEC HANPA#EHHA Ha CONPOTHEIEHHH R H N03BOMAST 33perHCTPHPOEATE dacTHOY. IIpH
3TOM BOKPYT 3aHOJA OCTASTCHA «HEX0OMY MATONOJBIHHERX MOMTCEHTEIRHEIX HOHOB H Ha-
NpAHEEHHOCTE [ONA VMEHBIIAETCA HAcTOMBKO, UTO PaspaAl HpepHEASTCE, 3 CISTYIOIAR
AOEpPHAA JacTHOA HE MOMET BEI3BAaTE HOEBIX MaBHH. CHeTTHK OYIET MOTOB PETHCTPHPOBATE
HOBYI0 TacTHITY TOTZa, KOTda NpOCTPaHCTEEHHEIN NOI0AHTEIBHEIH 3apA] IIEPEMECTHTICH K
KaTogy H PazHOCTEH NOTEHIHATIOE MEFETY WISKTPOIaMH JOCTHIHET IOPOTOBOTC IHATEHHA.
IOpH KOTOPOM BO3MOMEEH KODOHHEIH pazpan. BpeMsa BOCCTAHOBIEHHA «paboTocmocobHO-
CTH» JeTEKTOpa OHpedendeTcd B OCHOBHOM CKOPOCTEREO Apefida MOMOEHTENbHEIX HOHOE H
COCTABIAET IPHMEPHD 10~ ¢, ar0 COOTBETCIBYET MHHHMATLHOMY HHIEpPBATY BPEMEHH IMe-
AEIY JByMA [OCTETOBATENEHEIMH HACTHITAMH, KOTOPEIE MOTYT OBITE 2aperHCTPHPOBAHEI
pa3fdelEHO (pazpellarolles BpeMA JeTEKTOPA T).

Heobxomayo 0TMETHTE, 9T0 B CISTIHEE, 3AM0THEHHEM TONBKO 3PTOHOM, IIOCTE BOCCTA-
HOB/ICHHA HAIPAECHHA HA JIEKTPoJax KOPOHHEIH pa3pAld pa3BHBAcTCA yAe Oe3 yIacTHR
HAOePHOH YacTHUEL. HeHTpanH:alHd MoM0EHTEILHEIX HOHOE aproHAa HA KaTode H (HmH)
OTOHOHHZAIMHA MAaTEPHAIA CTEHOK NPHEOINT K MOABTEHHI0 CBOOOIHEIX JIEKTPOHOE. KO-
TOPEIE TMOPOAIAIOT HOBEIE HOHHEIE JTABHHEI H, COOTBETCTECHHO, TORHEIH HMITYIRC. Yepes
~107 ¢ mmEEn MOETOPAETCA B pesyabTaTe Bo30VEAIASTCA IPepPMEHCTEIT KOPOHHRIH paspan
H JeTeKTOp CTAaHOBHTCA HEIVECTBHTEICH K AJEPHBIM H3TyieHHAM. 18 yCTpaHeHHA JIOM-
HEIX paipAdoBR B padouHH 0OBEM BBOIAT BeIIECTEA, MOTIEKVIEl KOTOPBRIX HMEHT CYIIECT-
BEeHHO Donee HH3KHH NOTeHIHAT HOHHIAIMHE, 9eM aTOMEI aproHa. IIpH cTOMEHOBEHHAX HO-
HEI apr'oHAa MepeJaroT 3apal H SHEPTHKD BO30YEIeHHEA MOTEKyIaM IpEMecH. [esaKTHEALIHA
3THX BEO3DYAICHHEDN MOJIEKY. IPOHCKOIHT, B OCHOBHOM, DE3H3TYIATEIRHO H CONPOBOEIA-
eTCA HX JHccomHanmHeil. TakmM odpazoM. TacAIlHe JoOABKH PE3K0 YMEHBIIAKT BEPOAT-
HOCTE NOABRIECHHA JI0EHEX HMIIVIBCOE H IOIHOCTEI0 HCKIHTAKT BOZMOKHOCTE BOZHHEHO-
BEHHA «HEYIIPABTHEMOr0» KOPOHHOTO PA3PATa.

PazeETHE DpeprBacMOr0 KOPOHHOTO PAIpAa IpeJoNpelelseT OOMBIIVIO AMILTHTYIY
BEIXOZHOTO HMIIYIIBCA H, COOTBETCTECHHO, BEICOKYEQ SVECTEHT&IBHOCTE CUSTHHEA. TACTH-
13, CO3JABIIAR XOTH OBl 0HY Dapy HOHOB, OVIET 3aperHCTPHPOBAHA. 3TO JelaeT CUeTIHEH
ocoDeHHD YIOOHBIMH LA PETHCTPAlHH [—IacTHII HMEHITHY HelpepHEHEH CIEKTP 3HED-
rHi. Bwmecte ¢ TeM He3aBHCHMOCTE AMIUTHTYIR HMIOIVIRCA OT 3HEpIHH HOHHIHPYEROIIEH
TACTHIE He MO3EOIEeT HCIOAB3IOBATE CHeTIHEH [ efirepa-Mrommepa B cHeKTpOMETpHYE-
CEHX HCCIEI0BAHHTE.

BakHEIME XapAKTEPHCTHEAMH CIeTIHEOR ABIAIOTCH QOH H PA3peINaoies BPEMa.
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$or (cCKOpPOCTE ¢d9eTa (poHA) — THUIO HMIVIBCOE, 3aPErHCTPHPOEAHHBIX IPHOOpOM B
IHHHITY BpEMEHH, B OTCYVICTBHE HCCAeTVEMEIX PATHOAKTHEHELL IpenapaTcE. ToH JeTek-
Topa 00VCIOBIEH Kak BHEIIHHM H3TVIeHHEM (KOCMHYECKHEe JTYIH, eCTECTBEHHAR PagHOAK-
THEHOCTE KOHCTPYEIIHOHHEIX MATEPHANOE. Ta00paTOPHEIE HCTOYHHEH HITVIEHHH, PagHO-
AKTHEHEIE 3arPA3HEHHA JeTATeH PaTHOMETPHUECKOH VCTAHOBKH H T.II). TAK H CAMOIIPOH3-
BONMBHEIMH Pa3PAIAMH B CUSTIHEE (JTOMHEIE HMITYIBCH). [IOCKOMBKY VCTPAHHTE BCE IIPH-
THHLI IOAETEHHA $OHA HeTb3d, HIMEpPAeMAd CEOPOCTE CUeTa IPEeNapara BCeraa COTepEHT
thoHOBVIO cocTaBmmomyio. TOH OKA3LIBAcT BIHAHHE HA TOYHOCTH ONPeleNeHHT CKOPOCTH
CHeTa PATHOAKTHBHOIQ EEIIECTEA H TeM OOJBINSe, HeM HHEE AKTHBHOCTE NPeNapara (oM.
vpasrerne (1.32)). OuesHmmoe, 910 DOH HATO CBECTH K MHHHMYMY. B 9acTHOCTH. STOGEHI
VMEHEBIIHTE ETHAHHA BHEITHETO HATYIEHHA CUeTIHE OORIMHO IOMEINANT B IANTHTHEIA ~I0-
MHE  H3 CBHHIIA.

DoH, cpegHee 3HAYEHHE KOTOPOTO VEAZAHO B TEXHHYECKOM MAcIOpPTe KARIOTO IeTEKTO-

Pa. 3aBHCHT OT THOA JETeKTopa. ero KOHCTPVEIHH, 4 TAl#e VCIOBHH H CpOKAa 3KCILTyaTa-
uun. Hanpmuep, v caeraukos THna CTC dor He gomsker 6rme Benme 110 mvm/vmm. ITpe-
BEIIIIEHHE 3TOTO VPOBHA, IPH VCIOBHH NPAaBHIRHO VCTAHOBIEHHOTO PAabDOYETo HANPTEEHHA
H OTCYICIBHA PAaTHOAKTHEHEIX 3aIPASHEHHH B JAlDHTHOM SOMHEE, VEA3EIBaeT Ha BEIXOT
CHETUHEA H3 CTPOA.
Pazpemamnmee BpeMi (T) JeTEKTOPa HIH VCTAHOBEH B [E/I0M — 3T0 MHHHMATBEHEIH HHTED-
Ball EPEMEHH MEATY ABYMA IIOCTEI0BATEIBHEIME HMITYIIBCAMH (JaCTHIAMHE), KOTOPEIE pe-
THCTPHPYVIOTCH pasdentHo. B TedeHHe BpeMeHH T VCTAHOBEA He MOEeT QHECHPOBATE IIO-
ABIEHHE IPYTHX HacTHO B pabodeM obbene deTexTopa. [loTepH IpH perHCTPALHHE B 0DIMeM
CIydae ONpeJelfr0TCA TOH WACTRI0 VCTAHOBKM, ¥ KOTOPOH paspellalolles EpeMA MAaKCH-
ManeHe. Pazpemaromee EpeMa caMoTacAmHXCA cHeTIHECE [ efirepa-MMiomtepa cocTaemaeT
[IPHEOIHIATEIRHD 107 c. CHMHTHLIIIHOHHEIX IETEETOPOS - 10510 ¢, IOTYIPOEOIHHED-
BEIX — 1071077 ¢. 3IeKTpOHHEIE CXeMEI GIIOKOE PETHCTPAIHH KOHCTPYHPYIOTCE B KAKIOM
CIyHae, KK MIPAEHTIO. TaK, YTOOEI HX Pajpellalolllee BpeMs DELTO MeHRIIe VEAIAHHEIX 3HA-
=eHHA 1. [lo3ToMy COOTBETCTEVIOIIHE MOTEPH ONPeIeIA0TCA JETEKTODaMH.

ITycTs B pabounil o0beM OeTEKTOPA MPOHHEAET [y YACTHI B CEKVHIY, KAXIAR H3 KOTO-
PEIX HOHH3HpYET pabodee BemecTBo. [IpH 3TOM YCTaHOBEA QHKECHPYET [ HMITYIBCOB (dac-
THI). Toraa Joaf He3aperHCTPHPOBAHHEIX YACTHII, B IIEPEOM IPHOTHASHHH. COCTABHT T-1,.
3 HX cpeHee HHCIO OVIET paBHATECA [, 1-1,. UHCIO He3aperHCTPHPOBAHHEIX MacTHI PaB-
HO:

Im'r' If:Im_Ir (1.1}
Cornacso (1.1), paspemarninee BpeMs MOAHO PACCIHTATE [0 VPABHEHHED:
=ﬁ (1.2)
I -I

Pazpematomee BpeMi MOXHO ONpPEIeTHTE, HAOpHMED, 0 HIMEHEHHIO CEOPOCTH CHeTa
CEPHH MPEIapaToR ¢ HIBECTHOH abCoMOTHOH AKTHBHOCTRED (4;) KARIONO H3 HHX (CM. paz-
gex 1.3). CremyeT OTMEeTHTE, UTO 3HAYeHHe T, BEIUHCIEHHOe cornacHo (1.2), 6vaer GrmmHzko
K peansHOMY IpH yorosHH ([, —I1)=0.1-I, B gpyrux cirygasx 3T0 ypaBHEHHE MOKHO HC-
[OIb30EATE JHINE I8 NPHOMHIHTeIEHOH OOEHEH Pa3pellalolleTo BpeMeHH.

Pazpemaromes Bpers OrpaHHTHBAET MAKCHMATLHVED CKOPOCTE CHETA, KOTODVID MOMKEET
HIMEpPHTE TAHHEIH TeTEKTOpP C HeTaeMOoll TOTHOCTEIO. 9eM OOIBIIe T, TEM MEHBINE T0CTO-
BepHO DHECHpYVEMad CEOPOCTE CUeTa. ECIH J0md HepeTHCTPHpPYEMEIX TacTHI (T-1) mpe-
BEIIAeT 1+3%, B Pe3yALTAT HiMepeHHA BEOIAT MONPABKY HA pazpellalomes Bpems (ypas-
merre 1.3). Ins cuetunroe [efirepa-Mionnepa, HanpHMep, 3TOMY VOIOBHIO COOTBETCTBYET
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I. = 50+150 mvm'ec. CUHHTHAUIANHOHHEIE JeTEKTOPEL MOZBOAIOT PETHCTPHPOBAT: B COTHH
Pa3 DOIEIIVED CKOPOCTE CUETA.

BemrmHY HCTHEHOH CKOPOCTH C9eTa Ipenapata [, KOTOPYIC TAlKke HA3BIBAlOT PerHcT-
pHpYeMOil AKTHBHOCTBE0, IIOTYIAHOT MOCTE BEMHTAHHA CKOPOCTH c9eTa doHa Iy H3 He-
NPaBTeHHOH HA pa3pelIarollee BPeMA CKOPOCTH CHeTa J,,, paccMHTaHHOH mo (1.1).

I=l-I,-—% _p (1.3).

"t 1 ?

rae [, —H3MepeHHAT CYyMMapHAA CEOPOCTE CIETa IPElapaTa BMecTe ¢ HoHoM

1.2. ObpaboTKa pe3yABTATOE HAMEepeHHT PANHOAKTHEHOCTH

OOpadoTEa pezyILTATOR MHOEIX HIMEpPEeHHH CEOTHTICH He TOIEKD K pacdeTaM, HO H yie-
TV CHCTEMATHUECKHX IOTpeliHOCTeH, OleHKe CIYHAHHED NorpelllHOCTeH H VCTpaHeHHID
BO3MOEHEIX IPYVORIX OIMHOOK.

CHeTeMaTHIeCKHE NOTPEIIHOCTH HMET OJHHAKOBEIE 3HAYEHHA IIPH BEINOTHEHHH HIMe-
PEHHIA OOHHM H TEM & METOZOM C HOMOIIEH OOHOIO H TOTO e NpHOopa. UHH OTEIOHANT
PE3YIBTATEl BCEX H3MEPEHHH B OOHY CTOPOHY, 3aBHINAA HIH 3aHHKAA HCTHHHOE IHAUEHHE
H3IMepAeMOoH BEIHTHHEL. JTH NOTPEIIHOCTH MOXHO BEIABHTE 0 HAYAla HIMEDEHHH, CEECTH
K MHHHMVMY HIH, 10 Kpajigeil Mepe, OIFHHTE.

K cHCcTeMaTH9ecKHM OTHOCATCA, HAIPHMep, [NOrpelIHOCTH. CBH3IaHHEIE C OCIa0IeHHeM
HITYICHHA E BOIOVXE H CTEHKE JeTeKTOpa, er0 CaMoOoCTadIeHHeM, OOPATHEIM PacceaHHeM
H BEpOATHOCTBI0 PETHCTPAUHH 4acTHL (doToHOE) ZeTerTopoM. COOTBETCTEVIOMIHE [IOMIPa-
BOYHEIE K03DOhHIHERTH k, S, ¢ H £ OIpelenfroTcd. KAK IPAEHI0, ¢ [IOMOINBE 3MITHDHYE-
CEHX ($OopMVI H rpadHKOB, KOTOpPEE He BCETJA CTPOTO OTBEHANT YCIOBHAM KOHKPETHOTO
H3MepeHHA. [[11 MHOTHX HYKIHIOE C Pa3BeTEIeHHOH cXeMoH pacliaga MoTpelIHoCTE olpe-
JeTeHHT pAga Ko3dQHITHEHTOR P TAKKe BEChMA 3HAYHTENbHA. IHAYEHHA K03hdHIHEHTOB,
HCIIONBIYEMEIe IIPH pacieTax, MOTyT OTAHYIATBCA OT HeTHHHEIX Ha 10-15%. JIna yroume-
HHA EA#J0H IONPAaBKH KOHKPETHOID H3MEDEHHA OOEMHCO TpedyeTcd BEIIOIHHTE ZONOI-
HHTEIBHOE, JOCTaTOTHO TPVIOEMKDE HoclegoBagHe. [To3ToMy B OONBIIHHECTBE CIVIAcE J0-
BOMBCTEVIOTCA MPHONHHTETBHEIME 3HAYEHHAMH [ONPABOTHEX Ko3ddHIHeHTOB, momyc-
Kad, 970 OTHOCHTEIEHAA OTPeIIHOCTE HX OIpeIeleHHA COCTaRIaeT ~15%.

CmyiafiHele DOTPEIMTHOCTH 00VCIOBIEHE! PATOM MPHIHH, JeHCTBHE KOTODEIX HEOTHHA-
KOBO B KA#JOM IKCIEPHMEHTE H He MOKET OEITH YITeHO 3apaHee. Pe3yIBTaTh HIMepeHHH,
[POBeTEeHHEIX B OJHHAKOEBEIX VCIIOBHAN, CIVIAHHO OTEIOHAKTCA B NOIOAHTEIEHYIC H OT-
PHOATEIRHVI0 CTOPOHY OT HCTHHHOTO 3HAa9eHHA HiMepAeMoH BeqHIHHEL. CIydaHHEIE IIO-
TPeIHOCTH ONpefelfiTCd. HApHMep, KIAccoM TOYHOCTH H CTA0HIRHOCTRI padoTEl IpH-
O0poB, a OpH PATHOMETPHYECHHN HIMEPEHHAX — TAKKE H BEPOATHOCTHEIM XapaKTepoM
mpoliecca pacnanga Zaep. C 3THM NpolleccoM CEA3AHA MHHHMATEHAL, IPH JAHHEX VCIOBHAX
H3IMEPEHHA, NOTPelIHOCTE ONpeJeIeHHA THCIA PETHCTPHPYEMEIX HMITYIBCOE.

T'eepanbHEaA H BHI0OPOIHAA COBOKYIHEOCTE CIVIAAHLIX BeaIBIEH. JHECOepcHA H
CTAHIAPTHOE OTEI0OHEHHE

Kasneni sKcHepHMEHTANBHEIR Pe3VILTAT 3G, B YACTHOCTH. Pe3yIbTaT H3MEpPeHHA YHCIA
HMITVIECOE TIPEICTARIAET COOOH CIVIAHHVIO BeIHYHHY. AOCOMITEO TOYHOE 3IHAYEHHE

H3IMEPASMOH BeTHTHHEL (£I0 HAIRIBAKT JEHEPATLHLIM CPEOHNM H ODO3HATAIOT [1) MOKET
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OEITE TOMYIEH0 JHINE IPH OecKoHeTHo GOIBIIOM THCIE 3KCIepHEMeRToR. ITyeTs P(x;) — Be-
POATHOCTE IIOABIEHHA 3HATEHHA X CTYVIAHHOH BETHIHHE! X, TOTOa
Wxj=u=72 xP(x) (14

—
[HIOTETHIECKYI0 COBOKVIHOCTh BCEX MBICAHMEIX PE3VIBTaTOB (0T -¢ J0 + o) HAashBAKOT
ZeHEpATHHON cogor)Hocmer. TlapaMeTpaMe TeHepaTsHOH COBOKVIIHOCTH AENMAKTCA TeHe-
el e

pATLHOE cpegHes || H JEHEPITLHAT JUcnepris O, KOTOPAS CIVAENT MepoH paccedHHd CIy-
HAHHOH BeTHYHHEL X OTHOCHTEIEHO CBOETO TeHePATRHOTD CPeTHero:

o' =3 (x-ulP(x,) (15)

f—

TloaoswTensHO: 3HAYCHHE KODHA KBAJpPaTHOTO H3I TeHEPATBHOH THCOEPCHH HASEIBACTCH
ABCOTONHBIM CIMAHOAPMHLIM OMKIOHEHUEM HITH a6CoTOMHBIM CPedHIM Keadpamu-eckim
OMRIOHEHNEM H TAICKe XAPAKTepHIVeT PaccesHHe CIvIaiHoH BeMHIHEL OTHOCHTEIBHD LU

o= 14"'-::_2 (1.6)

CHHTaeTCA, 9T0 Pe3yILTATE HIMEPEHHH MOJIHHAKTCA HOPMATEHOMY 3aKOHY paclipele-
meHnd (pacmpenenerHio [ayeca). BeposTHOCTE TOrO, 9TO CAVYAHHAY BEMHYHHA OEAKETCHA
E IIpelieax OecKOHeTHO MATOT0 HETEPBATA MeEIY ¥ H (x+dY), onpegenseTcd Kak ¢fx) dx,
roe $VHEUHA ¢(X) — INIOTHOCTE BEPOATHOCTH HOPMANBHOIO PaclpeleleHHA

(x—p )

1 -
¢(_,U= UE&I‘H{_ = _IF . —CE O fl.?}

KpHEVEO HOPMATEHOTO PACIPEIeIeHHS XapakTePHIVIOT TeHepalbHEIe [APaMeTPEL L H O

Ha npaxTHEE TPOBOIHTCA OTPAHHYEHHOE THCIO SECIEPHMEHTOE (H3MepeHHH). CoBOKYII-
HOCTE 11 PRATLHEN Pe3yIETATOR, MOMVIEHHEX MPH JaHHEN VCAOBHEX 3ECIEPHMEHTA, pac-
CMATPHBAKT Kak CIVIAHHVIO swfopy) HI THOOTETHUECKOH IeHepalsHOH COBOKYIIHOCTH,
T.€. KAK enl00P0YHYo cosokynHocms. HaMepeHHS, pesyIbTATEl KOTOPEIX COCTARIANOT BEIOO-
POMHVEY COEOKVIIHOCTE, OOBIMHO HAZEIEAKT NAPATTETeHbIMY. 18 BEIOOPEH HE 1L PE3VIETA-
TOB PACcCUHTHIBANT SL60POHHOE cpednee (cpemHes apHdMeTHIECKOE)

L
= ! >x (1.8)
L
Paccesnne pe3yIBTATOR HIMEpeHHS X; OTHOCHTENMBHO CPEIHETO XapaETepHIVIOT SuS0poy-

Has ducnepcus 5° H(WIH) enfiopoyHoe cpedHee Keadpamuveckoe oMmIIOHEHUE §
. 1 =2, :
5=——7%(X-x,) ®H S=4f5 (19)
n-1°3 '
BenuuuHY § HAIEIBAKOT TAKEE BEIDOPOTHEIM CHIGHAAPHIHBIM OIMKIOHEHUEM.
JIns cepHH H3 H HIMEPEHHH CEOPOCTH CUeTa J CTAHITAPTHOE OTEIOHEHHEe, cOTIacHo (1.9).
DABHO:

R Ny (1.10)
n-151

3pameraTens B (1.9) 1 (1.10) npeacTasngeT cobof dHCI0 cTeneHel cBOGOIEL f, T.€. THCI0
He3aBHCHMEIX HIMEPEeHHH MHHYC THCIO CBI3eH MeEIy HHMH (MHHYC THCIO ONpeIeTieMEIx
napaMeTpoE). B 3THX ypaBHeHHAX [ = (p-1), Tak KakK Ha 1 HEIABHCHMEIX PE3VILTATOR MIPH
pacieTe BEIOOPOIHOID CpelHero HAKIANEEASTCA TOMBKO OOHA CBAZE BHaa (1.8).

ClegyeT OTMETHTE. 9TO JHCIIEPCHA H KBAJPATHUECKOS (CTAHIAPTHOE) OTEIOHEHHE Xapak-
TEPH3VIOT BOCIIPOHZBOJHMOCTE PE3VIBTATOE H3IMEPEHHIT.
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CTaTECTEYeCcKHI XapaKTep paJaoaKTHEHOIO pacoagia. Pacopenenesme ITyaccora

PamHoakTHEHENT pacman Anpa — Opolece. KOTopoMy IPHCYIN BepOSTHOCTHEI XapakTep.
IlyeTs Bpess HADMIOOEHHA [ HAT JOCTATOYHO OOMBIIHM HHCIOM AOep CYVIOeCTBEHHO MEHE-
e MepHOdA HX NoTypacnaga. Toraa 9IHeIo pachaBlEycd B eQHHHITY EPeMeHH A1ep H, IpH
VCIIOBHH CTAOHIEHOHR paboTEI NpHOOPOR, THCIO 3aperHCIPHPORAHHEDN HMITYVIECOE N OVIVT
OTIHHATECE pacnpeneneHuio [IvaccoHa. Bepostaocts P(N) Toro, 9T0 33 JAHHEI Opo-
MEEVTOK BpeMeHH OVIeT 3apeTHCTPHPOBAH. N HMITVIBCOE, £C/TH HX CPEIHes THCI0 PABHD
N . ompegenseTca BEIpAEKEHHEM:

J‘T""' —
PN )=—ep(-N) (1.11)

IpaxTeEdeckn y&e npe N =10 pacopenenerse [IyaccoHa aNmpoKCHMHEDPYETCE HOPMATHHEIM
pacnpe,ue.'lmmemc'j, 00a napaMeTpa KOTOPOro paBHEl NV .
Taxm obpazoM. dNcHEPCiA MYACCOHOECKOS0 PAcnpedeTeHliA THCIA HMITYIIECOE PaBEHA
Gon, =N (1.12)

CoOTBeTCTEVIOMEE ADCOMOTHOS CPeTHEEe KBANPATHIECKOE OTKIOHEHHE Oppy, HAIRIBAKT
TAICEE AGCoTOMHON Keadpamutdeckoli gaykmyayueii, ITo0k o IepEEYTE, IT0 3T0 OTEI0-
HEeHHE 00YCIOBIEHO CTATHCTHROH ((IvETyauHeH) pagHOaKTHEHOTO Pacaga.

Pacnpenenenne ITyaccoHa MO3BOMAET OMPEIeHTE A0COMIOTHYIO KBATPATHIECKVIO DITVK-
TYAOHI OTAEIBHOTC HIMEPEHHA <HCIA HMITVILCOB [V, 3apeTHCTPHPOBAHHEIX 3a BpPEMA
HITH CKOpPOCTH c9IeTa [

Gun) =N = [N, H sﬂ,,1=£=€;€' (1.13)

JoBepHETeILHBIN HETEPEAT H T0BEPHTeILHAA DOTPEeITHOCTE CpegJHEr

IIpx 0dpaboTEe Pe2yIRTATOR 3KCIePHMEHTA HCCIEIOBATEM0 BAKHO OTEETHTE Ha BONIPOC,
HAaCKOIEKC OIHIEH MOTyUeHHEE TAHHEIE K HCTHHHOMY 2HAYEHHID H3IMepAeMOoH BeIHYHHEL
Cpemree apudMeTHIeckoe T H BEIOOPOYHAR THCTIEPCHA 5 ABJISIOTCH THIIE MOYEYHBIMU
OYEHRAMN TEHEPATEHEIX TapaMeTpoR

H=x H o =5 (1.14)

B npegene, IpH 1 — w0, CpegHee Y CTPEMHTICA K TeHEPATLHOMY CPeIHEMY, a BEIOOPOTHAA
JHCTIEPCHS - K JHCTIEPCHH TeHepaTEHOH COBOKVITHOCTH G-

Opsako npHOMDHeHHEIE paBeHcTsa (1.14) He Zar0T OpeacTaBIeHHA © HATEKHOCTH H
TOYHOCTH OLEHEH. HanpHuep, 1A cKOPOCTH c¥eTa /., B OTCYTICTBHE HHEIX HCTOTHHEOE pac-
ceAHHA, KPOMe CTATHCTHYECKOTO XapaKTepa Paclada MOAHD 3alHCaTh: 5, =0,,, (1.15).

n
IIpu 3ToM 3HaWeHHE 5, B HEKOTOPEIX 3KCMEPHMEHTAX MOMKET CTVYAUHO OKA3aThCA MEHBIE
Tpgpy- XOTA HMEHHO BEJIHYHHA Cpypy XaPaKTEPH3YET MHHHMAIBHO BO3MOKHOE, IIPH 33J1aHHEBIX
VCIIOBHAX H3IMEDEHHA. cpelHee KBATpAaTHYeCKOe OTEIOHEHHE CKOPOCTH cdera. IToaToMy
OpH 00pabOTHE pe3yVIbTAaTOB PAcCYHTEIBAKOTCA TPAaHHLE! J0SEDUMETbHOID LHMEpsand,
EHVTPH KOTOPOTO C 3apaHee 3aJaHHOH JoeepumeTbHoll 8ePOAMHOCINGIO | MOKET HAXOOHTE-
cA HCTHHHOE 3Ha4eHHe napaMeTpa. OIHOBpeMEHHO YCTAHABTHBACTCH YPOSEHEL IHAYUMOCTIN
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P — BEepOATHOCTE NIOAEICHHA OTIIOHeHHH, JeKallHX BHE JOBepHT&IBHEIX IPaHHI p=1-7.
TupHEa 3TOr0 HETEPEANA ONPEISIIeT TOUHOCTE PEIVIETATA HIMEPEHHH, A JOBEpHTEALHAT
BEpPOSTHOCTE XAPAETePHIVET HANSEHOCTE OoUeHEH. [[OBepHTENLHEIS HHTEPBATEl ODEIMHO
BRITHCISIOT 118 95%-Ho# sepoataocTH (7=0.95; p=0.05).

JOBepHTEIEHEI HHTEPBAT HYEEH KAK 1 KOPPEKTHOIO OPEeIcTARIEHHA 3IKCIEPHMEH-
TATBHEIX JAHHEIX, TAK H I8 NOCTPOSHHA IpadHEOE, 0COOEHHO NIPH OTCYTCTEHH TEOPETH-
TEeCKOTO ONHCAHHA JAHHEDX. JECTEPHMEHTAIEHYI) EPHEVIO MOEHO IPOBOIHTE B IOOBIX
MeCTaX JOBSPHTETLHEN HETEPEATIOR.

IlpH DocTpOoeHHH JOBEPHTEIEHEIX HHTEPBAICE IIE HEQOIRMOH BEIDOPEH HCOOIEIVEOT
pacmpenemenHe CTRIOIEHTA HIH [-pacOpelelTeHHe, KOTOPOS HMeeT HOPMHPOBAHHAA CIIV-
"aiiHad Be/IHTHHA
_X-p_ X-p

T (1.16)

B dopuyime (1.16) 5. — snbopoyroe xeadpamudeckoe omKIOHEHUe cpedHeso, KOTOpoe B

t

'J?_!PIB MEHEBINE KEATPATHYECKOTD OTEIIOHEHHT OTASIEHOTO HIMEDEHHA 5.

T 5 1 - 1
=i = |——— S T-x J 1.17),
TINET mn—li:‘rl %) (17

TIe 52 - SLIBOPONHAR OUCHEPCUA CPEOHE0 APUPMEMIYEcKozo.

JHaUeHHA [ UIf 3aTABAcMOH BEpOATHOCTH | H YHCIA CTENEHEH CBODOIOE! [, CEBAZAHHOID C
BLIGOPOTHON MHCIepcHeH CpemHero apHQMeTHYecKkoro 5. MpHBedeHH B Tabm I1.2. He-

MONMB3VA IHAYEHHA [ » MOEHO ONPENEIHTh NOBEPHTENBHEIH HHTEPBAN OI4 MeHEPAILHOIO
CPEIHETO || IPH BEPOATHOCTH |-

- 5 - 5
- r”ﬁ <U<X+E, ﬁ
Ife 5- BEIDOPOUHOS ERAIpPATHUSCKOS OTKICOHEHHE HiMepfeMoH BelHUHHEL PACCIHTAHHOE IIA CO-
BOEVIIHOCTH H3 /7 Pe3yibTatToE; (n-1)=f.

Cootaomerre (1.18) HCOOMBEIVEOT I8 HHTEPBATEHOH OIEHEH || B TeX CIVIAfX, KOTOa
3HAYEHHE eHEPATEHOMN JHCIEPCHH G- HE HIBECTHO. JOSepumensHOll NocpeuHocs0 Bl

ROZDEHOCH B CpEEjHEEﬂ Hpu ﬂGHEPIEME,TBHO!} EEPOAMHKOCINN " HAZRIBACTCH BCIIHYTHHA
5
A, =, (1.19)

Cpegges T HI 0 CIyIAHHLRIX BeIHUHH CaM0O 10 cede ABIAETCA COyIaHHOH BeIHIHHOH H
pacOpeneleHHe X ., E 0DIIeEM CIydae, MO#eT IOTIHHATECA PANIHYHEIM 3akoHaM. [lokazaHo,
9T 3HAUEHHA ¥ N4 HeCKOTBEHY BEIOOPOYHEIN COBOKVIIHOCTEH, KOTOPEIE COTEPEAT 1 pe-
IVAETATOR, ABIAIITHXCA COCTABHEIMH HACTAMH OJHOH HOPMATEHOH COBOKYIHOCTH C Napa-
METPaMH || H o°. TaK&e NONTHHACTCH HOPMATEHOMY PaclpeleleHHIO ¢ TeM e HATeHHeM
TeHepaTbHOIO CPEIHETO |L H FeHepansHOH IHCIepCcHeH o), PABHOH

T2 a4

G, =0 /N (1.20)

Beegen EMecTO CIVIAHHOH BEIHUHHE] T HOPMHPOBAHHVIO COVIAHHYIO BeIHYHHY Z, KOTO-
pad pacnpezielleHa [0 HOPMATEHOMY 2aK0HY ¢ napaMeTpams n=0 u ¢ =1 :

(118),

c_ATH_ AT (1.21)

_ _x
g JIT

T
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B 3ToM cygas BepOSTHOCTE ¥ TOTO, 9T0 CTYIANHAT BEIHYHHA I IONATST B HHTEPEAT ¢ J0-
BEPHTEIEHEIMH TPAHHIAMH (-1, +1i,) ONPEIeTIAeTCH BEIPAKECHHEM

P(-u, < il <HU )= (1.22)

—u
3Had4eHHA i, I BEPOATHOCTH | IpHBeAeHE B TaOi 1.2.1. OTMeTHM. 9T0 f-pacnpenelcHHe
IIPH f—2C NPEBPAIAeTCd B HOPMANBHOS, 3 3HAYEHHA I, B Tadn. [1.2 paBHEl 3HATeHHAM 2,
Tadmuma 1.2.1
u,=t, 1 1,281 1.5 1.645 | 1960 2 2,576 3 3,201

y 0683 | 08 | 0866 09 0,95 | 0955 ( 099 [ 00297 ( 0990

CootHomerre (1.22) MO3BONAET ONPEIETHTE TPAHHIE! JOBEPHTENEHOIO HHETEPBAIA TIA
reHepaIsHOIO CpedHero IOpH BepOATHOCTH 7, eC/IH HIBeCTHO 3HAUeHHe IeHepalbHOH THC-
ePCHH G-

- g - a
T—u—<U<T+U,— (1.23%
"Jn N
Hosepumensras nozperHocMs B JaHHOM CTydae olpelelfeTcd Kak:
a
=T —
A =%u 7 (1.24)
"
TaxuM 0bpazoM, Pe3VIETAT HEMEPEeHHH CpeIHero clIeTyeT FAMHCEBATE, VEAIRIBAA IPH 3TOM
BEPOATHOCTE |, B BHIIE:
TEA, WmH TEA (1.25)
OTHOCHTEILHAS JOBEpPHTEIEHAS IIOTPENIHOCTE (&,) CpelHero apHpMeTHIeCKOTO PAaBHA:

. A,
5, ="/ (126)

M

CraTEcTH9ecKHl KPHTEPHI NOYVACCOHOECKOIO IApAKTepa pacOpeleTeHES GHCIA
3aperHCTPHPOBAHHELIX HMOY.ILCOB

PaccesHHe pe3yaBTATOR HIMEPEHHA PATHOAKTHBHOCTH. B OOIIEM CIyYae, MOKET OHITH
0OVCIIOBIEHO HE TOMBKO CTATHCTHYECKHM XapakKTepoM paclala H KonebaHHHE QoHA, HO H
OPYTHMH CIVIAHHEIMH (DAKTOPaMH (aNNIapaTypHBle MOMEXH, NOTPEIIHOCTH NPOLeTyPEl H3-
MepeHHE H T.01.). [1o3ToMy [0 3aBepINEHHI0 CEPHH ONLITOE MIPOBEPAIOT COOTBETCTEHE pac-
[pefeIeHHT Pe3VALTATOR HIMEPeHHT THCIA HMIVIBCOB (CKOPOCTH C4eTa) 3akoHY Ilvacco-
Ha. [[14 OUEHEH CTeIeHH OIH3OCTH HaOMIOJAeMOTo PacHpeleleHHs K MYACCOHOBCKOMY
(TeopeTHIECKOMY) paclpeIeleHIE0 PACCTHTHEAIOT } —KPHTEPHIT:

., SY(N-NJ ., (I -TF
2 5 = 2 5 =
1 =r”_1j6i” ==l = HmH Y, =(n —1}5; =t 7 (1.27)

nN) T}

BribopodHad THCOEPCHA 5 VIHTEIBAET BCE HCTOYHHKH CIV9IafHEN NOOTPEIIHOCTEH NpH
PETHCTPAlHH HMITYIIECOR, 3 JHCIepCHE © ? _ Tomeko CTATHCTHKY PATHOAKTHEHOIO PAcIIafa.

Pazmrmme Me#Iy HaDMOZAeMEIM H TeOPeTHUECKHM PaclpeleTeHHAMH CHIHTAETCA HECY-
[MeCTBEHHEIM, eCIH 3KCIepHMEHTATBHAR BETHTHHA ;.r_:;,m_ HE NPEBENTAST TAOMHIHOTO 3HA-
qeHHA ;;[].:._.;.5 79 33J3HHOTO VPOBHA 3HaUHMOcTH (p=0,03) H JaHHOTO THCIA CTENeHeH CBO-
fomer f (Tabdn I1.3). B 3ToM coydae O7I% OUEHEH TeHEPATEHOTO CPETHETO HCIOMBEIVIOT J0-
BePHTEIBHEIH HETepBat BHaa (1.23). Hanpumep, HOBEpHTEIBHYIO NOTPEINHOCTE CPETHETO
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(N) B3 n H3MepeHHH 9HCIA HMITYILCOE (V). 00VCIOBIEHHYIO CTATHCTHYECKHM XapakTe-
poM pacmaga H(HIH) KoneOaHHHA GoHA, pacCUHTHEBANT HA OcHOBAHHH (1.24):

= +u, Oy =:1'J.',E (1.28)
Y ]
B sToM cmygae, T.e. B OTCYICTBHE AMIAPATYVPHEIX IOMEX, JOBEPHTSILHVIO MOTPeIIHOCTE
OTIEIEHOIO H3MepeHHT N; MOEHO ONpelelIHTs Kak:
Ay =Ayy) =EUG, 0y, =ZL96,[N, (1.20%,
Te U JOBEPHTENEHOH BeposTHOCTH v=0,95 mocTossHag 1,=1.96 (Tadm. 1.2.1).

Ecm ;.{zm_ = fu_uj . TO PACKOEICHAS MEFETY VEAIAHHEIMH PACcIpeleIeHHIMH IPHIHACT-
A 3HATHMEIM. B 3TOM cTydgae TeHepaThHOE CPeJHee OLNEHHBAIOT HA OCHOBAHHH BETHTHHEL
5. BEMHCIeREHod mo (1.10), H JoBepHTETEHYIO HOTPelHOCTE cpenHero (J mm V) HaxomaT B
coOTBeTCTBHH c (1.19).

C moMoIosio ;:{:— EPHTEPHS MOAEHO TAKES IPOREPHTE CTA0HTRHOCTE (HATEEHOCTE) pabo-

TEI PETHCTPHPYIOMET o IpHOOopa (e, pazgen 1.3).

A

W

HorpemAOCTE KOCBEHEHEOTO H3IMePeERA. JAK0H HAKOIUTEHAS HOTPeITHOCT &1l

B 3KcnepHMeHTATEHOH MpAKTHEE NOIMEXAITAE ONpPeIeleHHI0 BEMMMHHA I° BO MHOTHX
CAVIARY He HIMEPASTCE HeTMOCPeICTESHHO, A PACCUHTHIEASTCA IO PE3VIRTATAM NPAMOTO
H3MePeHHA HeCKOIBKHX IapaMeTPOoR, 0T KOTOPEIX OHA 3aBHCHT. [IorpeHOCTE TAKOTO Koc-
BeHHOTO «H3IMEPEHHRY MOKHC BEMHCIHTE C IOMOIIBE 3AK0HA HAKOIUICHHA NOrPeIIHOCTEH.
Eciu onpenensemas BenHIHHA Y=0(x; x2x3 _, X¢) OPeICTaRIfeT coOOH PVHREIHIO «fb» me-
PEeMEHHBIX H H3BECTHEI BEIOOPOHHEIE JHCIEPCHH Pe3VIBTATOR HENOCPeICTECHHEIX HIMepe-
HHH 5,5} .5, ,....5, . TO JHCTIEPCHA ¥ paBHA:

Nt rtn
:f_I| A e (1.30)

_-_“Ik- ¢

5, +

52 —I 24 52+
F | - : !
| X, S| cx, | 7 X

B 3T0 coOTHOmeHHe EMECTO BEIOOPOTHEIX JHCIIEPCHH MOMHO NOICTAEHTE FeHEepPAIBHEIE
JHCIIEPCHA G; HIH KBaIpaThl JOBEPHIEIBHEIX MOTPEIMHOCTEH j‘ir:..- (e (1.19. 1.24)).
TIpamvenerne (1.30) o719 IBVX Ba#HEIX TaCTHEIX CTYIAcE J3eT CISTYVIOMHE Pe3VIBTATEL

PvHKIHA JOBepHTeIEHAA NOMPENTHOCTE

poi 8; =0, +0. +0;

L E]

-x, A=A +A2 A7

TlpmyepoM KOCEEHHEIX «HIMepeHHHy SBISETCA ONpeleleHHe CEOPOCTH CHeTa Ipenapa-
Ta ([,,=I.—13). KOTOpas PACCYHTHIBAETCA MO PE3YIBTATAM HIMEPEHHH IBYX BETHYHH CYM-
MapHOH CKOPOCTH CHeTa IpPeNapaTa BMecTe ¢ (oHoM (I) B cropocTH cueta dona (Jz). B
cooTeeTcTBHH ¢ (1.30) ZoBepHTeIBHAA MOTPEIIHOCTE ONPEIETeHHA [y PABHA:

j’T"J"I',,J =i"||i—ll'":-'1‘1_‘j‘;-'141 {131}

IlorpenHOCTH OTIENBHOTO (eIHHCTBEHHOTO) H3MepeHHAI [, H [y MOKHO BEIMHCIIHTE,
IPelnoNarag OTCYTCTEHE HHEIX HCTOUHHEOE PAacCedHHI PeIVILTATOR, EPOME CTATHCTHYE-
CKOTO XapaKTepa pacmajia H Konebamud ¢gona, no ypassenmnaM (1.29) u (1.13). B sToM cay-
93¢ OTHOCHTETEHAA NOTPEMHOCTE CKOPOCTH cHeTa [yp A7A JOBEPHTEIEHOH BEPOATHOCTH
ONpenenaeTcs VPAEHEHHEM BHIA:
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A

5 5 TWi—ig) ” 1
Yiled = Ywi -1, = =y .
- ¢ I-I A I-I 4

Ecan OPpOBOOHTCA i, IapaIIelIEHEDL Hﬂiepe:ﬂ:ﬂi OOHOID IPeIapaTa H ?’T@ H?Mﬂpﬁl—ﬂﬂ?
EI}OHI!., TO JOBCPHTEIEHEIE IIOTPEIMHOCTH A CPETHHEX IHATCHHH Ic H I@ PACCUHTEIEAKT, B

3ABHCHMOCTH OT 3HAWEHHA ¥ — KpHTepHa. cormacHo (1.19) wm (1.24). B stoM ciydae

(1.32)

HEH A e 4 ¢ (1.33)

WL—Tgb —

Perucrpaniis paIHoaKTHBHOCTH HMEeT CBOH oco0eHHOCTH. ()gHOH HI HHX ABIAETCH 8-
G0p ONMUMATEHOZ0 COCTMHOWEHIA Me¥CAY sDEMEHEM NIMEDEHNR CKOPOCTHI CHema npend-
pama ¢ QoHOM I, U EpeMeHeM NIMEPEHUA POHA Iy KOTOpOe, IIPH QHKCHPOBAHHOH oOmed
IPOIO/CEHTENEHOCTH H3IMEDEHHA [, 00eCIeTHBAST MHHHMATEHOE 3HAYEHHE INOTPENIHOCTH
ONpedeNeHHA Iw
Komommampye (1.30) 1 (1.13), MOEHO NOMYIHTE BEIpaXAeHHS T4 a0COMIOTHOH KBagpaTHIe-
CEOH QIVETYAUHH CKOPOCTH CHUETA IPENapara 3a BerdeToM doHa:

(1.34)

Ty I.—I4) =

Tlocne maddepenunpoannd ypagHeHH (1.34), HCIOMB3VA VCIOBHA MHHHMYMA IOTPEIIHO-
CTH rFa.HD:D H DOCTOEHCTBEA a‘{f= t4ts = n:nnst}. MOEHO HARTH HCKOMOS COOTHOIIEHHE:

Lo fl (1.35)

s e
Cootromennd (1.35) u (1.32). m03B0NMOT PaCCIHTATE BPEMS OTAEILHOTO HIMEDEHHA [Ipe-
mapaTa ¢ GoHOM (femm) H hoHA (2 ;). HEOOXOTHMMOE I TOrO, YTOOR! IOTPEIIHOCTE CHO-
POCTH C4eTa Npenapata [, He MPEBEINATA 33TAHHOH BelIHIHHEL O, .
i imp

. L1, L
IEJHLH =U — 7 H Elglz.m.-.' =Ur— 2 {136)
(L =1, F ' a;”ﬂ-(f‘_,—f‘i_j_

D

Ecan mpeamoraraeTcs MPOBECTH M NapaLIeIbHEX H3IMEPeHHH OJHOTO MpenapaTra HiH do-

Ha, TO BPeMi Ka#I0T0 H3 3THX HIMEPEHHH. COOTBETCTBYIONIEE 3aTaHHOMY 3HATEHHIO § .
L

=
T g

IomEHO OBITE B /1 Pa3 MEHBINE, 9eM paccaHTaHHOe mo (1 .36).

$on cueTaHEoE [ efirepa-Miowiepa paBeH HECKOMBEHM JECATEAM HMII'MHH H 0DBIMHO BO
MHOTO Pa3 MEHBIIE CKOPOCTH CHeTa Npenapata ¢ doHoM. [1o3ToMY B OONBIIHECTEE CITVIa-
ep. cornacHo (1.32). norpemHoCTE Sy OVaeT MeHEIme 10% Jake IpH OTHOM HIMEpeHHH
I; u I; npomonamTensHOCTRIO N0 12 vun. ONTEMHIAIHA H3MEPEeHHH HeoOXOTHMA, eCTIH
OCHOBHOH LeIbI0 3KCIIEPHMEHTA ABIAETCA IIPAMOe ompedenenHe [, a ckopocTs cdeta [,
CONOCTABHMA CO CKOPOCTBIO cdeTa (oHA. 3aMEeTHOIO CHEKEHHA [IOTPEeIIHOCTH IPAMELX pa-
IHOMEeTPHYUECKHX HIMepeHHH cleIyveT JOOHEATECA TAkKEe B TeX CIVHadx, KOTIA 3TH IIo-
TPEITHOCTH BHOCET CYIIECTBEHHEIH BEMIAT B NOTPENTHOCTE Pe3IVIETATA KOCEEHHOTD Ompee-
meHHd BemHuHEE ¥ (cv. (1.30)). HanopoTHE, eciH OpeaBapHTENRHE pactueT MOKAZAL, UTO
MOTPEITHOCTE HEMOCPEICTECHHOTD HIMepeHHR | OKAEETCH 3ABEI0MO MEHEIE HIBECTHOH
(WmH 3agaBaeMoOH) MOTPEINIHOCTH OJHOTO H3I MAPAMETPOE I, MOMHO OTPAaHHYHTLCH IPOEBE-
IeHHeM HecKOIBEHX HIMepPeHHH CEOPOCTH CHeTa [PenapaTa IpoJoLEHTENRHOCTER 1o 1
MHH (cM. paboty 2).
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1.3. YeTaHOBKA co cyeTUHEOM ['eHrepa-Mroasepa

Mens paboTer

[TpHoOpecTH HABEIKH H3IMEDEHHT CEOPOCTH CHETA MPEeNapaToR ¢ MOMOMIBED PATHOMeTPHYIE-
CEOH VCTAHOBKH;

IPOBEPHTE CTADHIBHOCTE PAbOTE PeTHCTPHPYIOMISH ANNAPATYPEL

OIpPEIE/IHTb PaspeIlaloes BPeMi VCTAHOBKH.

OfopyaoBaHHEe H IpenapaTkl

PammomeTpHYIeckad VCTaHOBEA o caeTIHEOM I efirepa-Mromnepa tama CTC.

Habop mpenaparos s DY} C H2EBeCTHOH aldCOMIOTHOH AKTHBHOCTBEH) H pPerHCTPHPVEMOH
CEOPOCTBIO cUeTa oT 5 o 500 mvm/c.

BrlnoaseHEE patoTEl
1. Hameperne doHA

OnpemeneHHe CKOPOCTH CYeTa (OHA MPOBOIAT B TeX K€ VCIOBHAX, UTO H HIMEPEHHA pa-
DHOAKTHEHOCTH NPEeIapaTta, T.€. IPH 33KpPHITOH KPHINEE IATHTHOTO JoMHEA. [Ipopomar 3
H3IMepPEeHHS IPOIOIAHTENEHOCTEI0 f = 50 ¢ (wae 1 muH). B Tadn. 1.3.]1 BOHCEIBAIOT 9HCIO
¢onoser HMITYTECOB (Np) B cropocTs cueTa (I;=Nj/f). [lomaras, 9To paccesHHe THCIA OT-
CHYETOB CBA3AHO TOABKO CO CTATHCTHYSCKHM XapaKTepoM KoleDaHHA (OHA, BBEMHCIART
IOBEPHTENLHEIE HHTEPBATE I 3Ha9eHHH Jg; COOTBETCTEYVIOMHE 95%-HoH JOBEpHTENE-
HOH BEpPOSTHOCTH (Ages = 1,960, = E{Iq}lf-."r)""}.

CpemHee apHdMeTHUECKOE IHAYEHHE CKOPOCTH c4eTa (oHAa [; CPaBHHBAIOT ¢ MACHOPT-
HEIMH I3HHEIMH. EcH 3HaqeHHe f,;. Epmel 10 pvn/vEl, 3 pabodee HANPAAEHHe YCTAHOE-
JIEHO NPaBHIEHO H BHYIPEHHHE IOBEPXHOCTH JOMHEKA HE COOEPAEAT PAJHOAKTHBHEIX 3a-

IPAIHEHHHA, CIeTIHE CIeTyeT 3aMeHHTE.
Tabmimal.3.1
MNe Ng. HMIO I5. HMIL'MHH Agos 3. EMIL/MHH

b | Pt | =

2. [IpoEepEa cTAOHALHOCTH paboTEI anmapaTypEl
CTaTHCTHIeCEHH XapakTep PATHOAKTHEHOTO PACHAIA JaeT BOIMOEHOCTE NPOEEPHTH
cTabHIBHOCTS (HaJeKHOCTE) paboThl perHcTpHpYRmero npadopa. C 3ToH LeIsi0 B CTPOTO
OHHAKOEEX VCIOBHAY NpoB0oIAT 10 mocoeaoBaTelBHEIN H3MEepeHHH N; IpoIomEHTeIRH-
cTBED =50 ¢ (W 1 MHH) VI Ipenapara co cmpccn.m':‘} caeta 10003000 man/vem. He-
moms3ve ypaeHeHHd (1.19). (1.12) 5 (1.27), BEMHCIANT BHOOPOTHYI0 THCIEPCHIO, THCIIED-
CHIO pacnpeneneHud [[yvaccoHa H 3HATEHHE ;.{2— KPHTEPHIL.
Tadmma 1.3.2

Ne PezyneTaTel H3MepeHHE (V;, M) Pe3yIbTaTel pacieToB
1

AT - z . . .2
2 ‘h" # G.u- Np 5.'.' r "r ]
10

" B 3ToM cryaae I-==[3, a MOMpaBka Ha paspelllaloles BEpeMa MpeHetpeamMo Mara.
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PACCYHTAHHOE 3HAYCHHE ¥ spcn CPABHHBAIOT CO 3HAYCHHEM ¥ (g5 U1 YPOBHA 3HATHMOCTH
p =0.05 1 aHcTa cTemeHed cBoBomEL =9 (375 0:=16.9; Taén. I1.3). CHHTaIOT, 9TO AMMapaTyp-
HEIE TIOMEXH, KOTOPEIE JODEHE] HAPVIIHTE TYACCOHOBCKHHE XapaKTep paclpeleIcHHA THCIA
PETHCTPHPYEMELI HMITYJIBCOB, OTCYVICTEVIOT, ©C/IH 3HAUEHHE ;{]m_ilﬁ,g. B mpotmeHOM
CIydae pacXoddeHHe MEETY HAaOMHOAaEMEIM paclpeleleHHAM H pacupedeneHHeM IIyac-
COHA NIpH2HASTCA IHATHMEIM, 9T0 CEHIET&IECTEVET O HAIHTHH CTyIaiHEIX MorpeliHoCTeH,
CEA3AHHEIX C HECTADHILHOCTEE paboTH mpHOOpA.

3. OnpeneseHHe pA3PEIIAIOIIETC BEDEMEHH
J18 onpefeneHHA PaspellaloIlero BpeMeHH HIMepART CKOPOCTE: cdeTa [ ; MecTH cTaH-
JapTHRIX OpelapaToB ¢ HIBeCTHOH A0CO/IIOTHOH aKTHEHOCTRED 4; IToOH VMEHBIIHTE OO-
TPEIHOCTE, CBA3AHHYIO ¢ HETOUHOH (PHECAITHEH NpPEmapaToR B KACCETE, IPOBOIAT Imo 4 Hi-
MEPEHHA, Ka&EH pa3 NOBOPATHEAA [IPENapaT BOKPYT OCH Ha COVYAHHEIH yTOI. ¥ CpegHA-
10T OTYICHHEIE PEIVABTATEL
Tadmuma 1.3.3
Ne A B N, HMm I mvml/c I. ;. Enom'c f“ A,

JloBEepHTENLHEIA HHTEPBAT CPejHEero Kol cepHH H3MepeHHI ([;;) pPacCUHTHIBAIOT MO
doprryme (1.19). 3HaueHHe f,; 114 BepoATHOCTH 7=0.95 H w=HCIA cTemeHeH ceBobomEl =3
OpHBEIeHE! B Tabm. [1.2.

CTpoAT rpadHE 3aBHCHMOCTH CKOPOCTH cHeTa I, ; IPeIapaToB OT HX a0COMTHOHR AKTHEHO-
CTH .4; HCNONE3YA BEMHCIEHHEIE JOBEPHTEIBHEIE HHTEPBAMEL [IpH MaTEIX 3HA9eHHAX [,
KOTTA OPOHIBeIeHHe T-J, HHYTORHO MAT0, CKOPOCTE CHETA NPONOpPUHOHATEHA 4. B gams-
HefmeM HaOmiogaeTcd OTKIOHEHHe 0T MHHeHHOCTH. Ha 3KcTpanomHpoBaHHOR HacTH Opi-
MO THHHH HaJ TOUKOH [; HAXOIAT COOTBETCTEYIOMEE e 3HaueHHe [, H mo dopryae (1.2)
PAcCHHTHEAIOT 3HadeHHe 1. OIpenendioT MAKCHMATEHO BOZMOMHYI0 CKODOCTE CHeTa, KO-
TOpad He TpeOyeT BEeIeHHS MONPABKH HA T (10, pp = 0.02).
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PAEOTA 2. OIIPENEAEHHE ABCOAFOTHOH AKTHMEHOCTH METOIOM
PHEKCHPOBAHHOI'O TEAECHOI'O ¥YTAA

2.1. BAHGHHe CBOHCTB PagHOHVEAHIA H VCAOBHH H3MepeHHH Ha
BEAHYHHY PETHCTPHPYEMOH AKTHEHOCTH

OnroH H2 233739, peMIAeMEX ¢ HCIIOMRIOEAHHEM JETEKTOPOE, ARIAeTCH HIMEPeHHE THCIA
HacTHI ONpeleleHHOrD THIIA, HCIYCKAEMEIX PaTHOAKTHEHEIM IIPENapaToM, H/HIH ero ad-
COMIOTHOH aKTHEHOCTH. T.€. UHCIA A7ep. PAcTHAJAIIHNCA B IpenapaTe B eJHHHITY Bpene-
HH. OJHAKO H3IMepHTeIBHEIE NPHOOPH (HECHPYIOT. KaK IPABHI0, TOJBKO HACTE HITYIeE-
HHA, CONPOBOEJANIIET) ANCPHEE NpeEpamennd. [Jond 49acTHI ((OTOHOE). HE 2aperHCT-
PHPOBAHHEIX IIPHOOPAMH, 2ABHCHT OT PACIIOIOEEHHS [IPelapaTa OTHOCHTENRHO JAeTeKTO-
Pa. HNOTTIOIEHHA HATYIEHHA CTEHKAMH JeTeKTopa. BEPOATHOCTH B3aHMOJeHCTEHA HITyIe-
HHA ¢ paboTHM BeIeCTBOM H JIpPVTHX dakTopoE. KpoMe TOTO, HEKOTOPEI® TacTHIEL IIPO-
HHKITHE B YYBCTEHTEIRHEIH OOBEM JETEKTOPA, MOTVI OBITE He 3apeTHCTPHPOBAHEI H3I-33
HATHYHA Pa3pelIaillers BpeMeHH. BuecTe ¢ TeM moboH IeTEKTop TOMHMO HMITVIBCOE OT
HaCTHI, HCIYCKAEMEBIX HCCISTYEMEBIM IPENapaToM. QHECHPYET H MOCTOPOHHHE HMITYIIBCHI
— ¢hon. ITo3TOMY ImEPEXO OT HHCIA HMIIYIBCOB [, PETHCTPHPYEMEIX IPHOOPOM B €IHHHITY
BpeMeHH. K aDCOMOTHOH aKTHBHOCTH 4 Tpebyer y4eTa pAla NOIpaBok.

IIpesme BeeTo, B HIMEDPEHHVIO CEOPOCTE CHeTa J; BEBOIAT NONPABKH HAa PAIPENIARIEE Bpe-
mA T (ecaH Heobxomemo) H doH (M. vpaeaense (1.3)).
PermcrpapyveMas AaKTHEHOCTE | CBEA2aHA ¢ A0COMFOTHOH AKTHEHOCTBRED 4 HIMEepAEMOTO
00pazla, coep&amero HYEIHT ¢ IpocTOH CXeMol paclaia. COOTHOMIEHHEM

I=p4d =[n(pekSq)4 (2.1),
rae ¢ - KoapQHIHERT perHCTPalHE; 1), P, & k, 5 H ¢ — paccMATpHEAEMEIE HHAS IONPABOTHEIE KO-
b @EHeHTEL [ H 4 BEIpA#eHE COOTESTCTECHHO THCIOM HMITYIBCOE H AKTOE PACHATA, OTHEeCSHHELX
K OJHOH H TOH %€ eJHHHIE BPEMEHH.

Ecme HaMepsaroT aKTHBHOCTE H30TONA CO CJIORHOH cXeMoH pacmaja HIH pPaBHOBECHOH
CMECH H30TOIOE. TO HpoH3BedeHHEe (p &k S ¢g) BRMHCIAOT M4 Ka#&goH —ToH KoMIO-
HEHTHl HUTYIeHHA H  Pe3yALTATEl CYMMHPVIOT. B 3ToM cmy4ae (2.1) npHoGpeTasT BHI:

I=An> pekSg, (2.2
:

JdpeKTEREOCTE JeTeKTopa (E) K JAaHHOMY BHIY HITVHeHHA HASEIBASTCA BEPOATHOCTE
TOr0. 9TO YacTHIA (KBaHT). NepeIaB 9acTh CBOeH IHEPrHH aToMaM pafotero BEINECTBa Jde-
TEKTOpa, BEI30BET B HEM IIPOIECCH, NOIBOIANINHE 3aPeTHCTPHPOBATE 3TY TacTHIY HIH
keanT. Kosddrmment 3¢ ¢ekTHEHOCTH £ - OTHOIISHHe YHCIA 9aCTHL (KBAaHTORB) I,. BEIZBAB-
ITHX TAKHE MPONECccHl, K 00MeMy YHCTY JacTHI (KBAHTOE) J; MPOHHKIMHX B pado=HE 00B-
€M JeTEKTOpa 3a BpeMdA PErHCTpamHH (& = [; ;). CIegyeT oTMeTHTS, 9T0 B 00IIeM caydae
H3—33 HATHIHA PAZPENIAKINETO BPeMeHH THCIO 3apeTHCTPHPOBAHHERY HMITYIBCOE [ = I

ek THEHOCTE JETEKTOPA € ONPENENMeTCd BEPOATHOCTEIY BIAMMOJEHCTBHA TaCTHI
(doToHOR) ¢ aToMaMH pabodero BemIecTEA, KOTOPAA 3ABHCHT He TOJIBKO OT BHIA H 3HEPIHH
ANEepPHOTO HATYVIEHHA. HO H OT KOIHYeCTEA BEMIecTEa B paboden odbemMe AeTexTopa. g -
HUTYIeHHA, 00TaJal0MEero OUYeHb BEICOKOH HOHMIHpVIOMEH crnocobHocTeio, ==1. Ddider-
THBHOCTE cueTZHEOB [ efirepa-Mroanepa K B-Hamyaennro Omaska K 100%, Tak Kak OpakTH-
HeCKH KAa#ad [-4acTHIIA CO3TAeT XOTA OBl OIHY MapV HOHOB JAXE B HeOOIBIIOM Taz0BOM
oOBeMe JeTeKTopa.
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S deKTHEHOCTE 3THX CUETIHKOB K |-HITYIEHHI) 3ABHCHT OT €r0 JHEPrHH, MAaTepHATA H
TOUIITHHEl KATOAA, TAK KaK BEPOATHOCTH B3AHMOIEHCTBHA (OTOHOB C aToMaMH ra3a HH-
WTOEHO MaTa. KopOHHEIA pazpal B CHETIHEES HHHITHHPYIOT BTIOPHYHEIE 3MEKTPOHEL, KOTO-
PEIe «BEIOHBAFOTCHY (POTOHAMH H3 MOBEPXHOCTHEIX CTIOSE MaTepHANA KaToga. OJHAKD Jaze
IIPH ONTHMATEHOH TOMINHEHEE KaToJa 3PdeKTHEHOCTE He MpeBsmasT 2%, a 114 |-KBaHTOE C
sHepred E, = 1 M3B koadidmmesT = pagen 0.2+0.6%.

Jn8 peTHCTPAIHH (—H3TVIeHHT HCIIOIE3VIOT, KAK IPABHIIO. CIHHTHLIAITHOHHEIE HITH [10-
TYIPOBOJHHEOBEIE JeTEKTOPEL. JdheKTHEHOCTE 3THX JETEKTOPOE, B 3aBHCHMOCTH OT 3HEp-
T'HH (OTOHOE. COCTAEA H PaZMepOE CUHHTH/UTATOPA (HIH HOMYVIPOBOIHHKOBOTO KPHCTALIA)
cocTaemaeT oT 20% xo 100%. 3ddekTHEHOCTE PETHCTPAIHHE 33PAKCHHEX TACTHI] TAKHMHE
JeTeETopaMH oDEMHO OmHzKa K 100%.

KosddpamaerT ocaabaeEas & VIHTBIBAeT MOTEPH HITYICHHA HA IVIH OT HCTOYMHHEA J0
padodero eemecTBa gerTekTopa. OH paReH OTHONISHHED YHCIA 9acTHI J; MPOHHKINTHY B
TVRCTBHTENRHEIA 00BREM JeTEKTOpa HUepe: CI0H BO3TVEA TOMNHHOH 4 H CTEHEY (OKHO)

CUETHYHEA TOMMHHOH ). K

k 9HCTY 9acTHO s HCIyC-
K3aeMEIX B HAOPaBRTeHHH Te-
1,000 r,\ TEKTOpa C IIOBEPXHOCTH
0.500 hy, npenapata (= Iz | Ijs).
’ N IlpommEatomas  coocod-
0,200 \"- HOCTE [—H3TyIeHHA Xapak-
0,100 TEPHIVETCE  MAKCHMATE-
HEIM TpoberoM R, — MH-
0,050 HHMATEHOH TOMIIHHOH II0-
0.030 [JIOTHTENA, KOTOPBRIH 3a-
' IEPAMBAET BCE [—TACTHITEI
0,010 N C HAYANBEHOH 3HeprHeH
0,005 P, Ep e (1361 T14).  Cremo-
\ BaTENBHO. PETHCTPAIHE [f—
0,002 \ TacTHII cdIeTIHEaMH [ ed-
0,001 A repa-Miomepa BO3IMOEHA
0,0005 \l OpH VCIOBHH dr<Rue. B

HACTHOCTH, T8 HiMepPeHHT
HHIKOFHEPTETHIECKOTO H3-
myaeHEA (Ep ma < 0.2 M3B)
O0BMHO HCIOIBIVIOT JE-
TEKTOPEl C OKHOM TOJITH-
Hofi 3+5 Mr/on

Ocnabnense MoToka [—9acTHI CPABHHTENBHO TOHKHMH NoTToTHTersMH (d=03 Rug)
OMHCEIBAETCA, B IEPEOM IPHOMMACHHH, 3MIHPHISCKOH 3IECIOHEHIHATEHOH 3IABHCHMO-
cTBID. B 3TOM ciIydae, ¢ morpemHocTR ~ 15%. mosddEmmenT & MO®EHO ONpeIelIHTh OO
dhopmyme:

0.1 0.3 0.5 07 09 d/FRna

Puc. 2.1. 3aeHcHMOCTE KoaddHIHeHETA ocnalne T &
I [f—93cTHII OT OTHOIEHHR d/ Ry

k= exp(-pd ) (23).
TIe i - MACCOREI KoaddumHenT ocnabaemns B o/ (Tabm. [14; 3Ha9eHNA || B Ry TPHBEICHHELR
1A ATOMHHET, MOEHO HCOOMBIOBAaTE I OUSHKH OCTA0NMeHHA [—H3Ty9eHHA B JpPVTHX
MATePHATAX), 4 = d)+dh — CyMMapHAT TOMIHHA C104 BO3IVXA H OKHA B /e’
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Ecne TommHHA DOrIomWAKmere cnod d npessimacT 0,3-Rpg . TO I8 OLUEHEH & MOEHO
BOCTIONIB30BATRCH IMIHPHIeCKHM rpadurom (puc. 2.1).

JECTIOHEHITHATEHEIH 3aK0H OCTA0IeHHA y—H3Iy9IeHHA BRIIOMHACTCA OPH MHO0H ToI-
IIHHE MOTTIOTHTENE B K03Q{HIHERT & 1714 KBaHTOB  3HeprHed E, Bcerga MOEET ORITH
PaccHHTaH (3HAaTeHHA |, OpPHBeJeHE B Tabm [1.5). OgHako B GOMBIIHHCTBE CIyHacE (Ha-
npuMep. mpH E,~0,1 M3B) noTepAMH y—H3TyIeHHA B CTeHKAX JeTeKTOPA NPeHeOpPEramT.
MpHEHMag £ = 1.

IlpoHHEKaOmAad COOCOOHOCTE (—HACTHI KpafHe HH2KA: HX Npoder B TBepIoM BellecTBe
HIMEPAESTCA JeCATEAME MHEPOMeTpoE. [losToMy o—H3Imy9aloniHe NpPemapaTsl MOMENIAIT
BHYTPE pabotero o0beMa (pabodero BemecTea) JIeTeKTopa; B 3ToM caydae =1

KoadpanmeaT camoocaabneame S VIHTEEAST NOMIOMIEHHE (paccesHHE ) AISPHOTO HITV-
YEHHA B CaMOM PATHOAKTHEHOM BENIECTBE H PABSH OTHONIEHHED YHCIA YacTHIl HIH KBAaHTOR
J5, HeyCcKaeMEIX B HallpaBIeHHH JETEKTOpa C MOBEPKHOCTH IPENapara, HaXOZAIIETOCH Ha
DecKoHEeYHO TOHKOH MOJI0KEE, K MOTHOMY YHCITY SacTHI HIH EBAaHTOB I, HCIycKaeMEIX
3THM MPETapaTOM B HANIpaBAeHHH AeTekTopa (S =15/ 1)

IlompaBky Ha caMocladIeHHe CcAeIyeT VIHIBEEATE, NPEeAIE BCETO. IPH PeTHCTPalHH [—
TACTHI. BEINE OTMETATOCE. IT0 OCIA0NeHHe f—HTyIeHHA JOCTATOYHO TOHKHMH IIOTTIOTH-
TeIAMH NOTIHHAETCH 3KCIOHEHIHATEHOMY 23KoHY. [Ing olleHKH S B 3ToM caydae (dnp =
0.3- Ry ) MOAHO BOCTIONE30BATECE HOPMYVIIOH:

_ 1-exp(—pd_ )

pd

np

(2.4).

I7e TOMIHHA dyp BEIPA#EHA B MHHEHHE (CM) HIH MACCOBRIX &THHHITAX (r/cy ). EoaddHITHEHT oc-
TabIeHEHR |1 - B o mm 4:"-.{‘1" COOTEETCTBEHHO.

TIpH peTHCTPAITHE [—HITYIeHHA CTAPAKTCA HCIOIL30BATE OMEHE TOHKHE IPENapaTsL, IIg
KOTOPBIX IIpoH3BedeHHe Wd,,<0.02. B »roM cmyuae, cormacmo (2.4). xoddmument
1252099 H DOIpaEKa Ha CAMOOCTIA0IeHHE He BEOIHICA.

TlonmpaEka HA CaMOOQCTIA0NEeHHE He EROJOHTCH TAKKe NIPH OTHOCHTEILHEIN HIMEDEHHAX
HTOMCTRIRY (dpp = 0.75 Rpmg) HCTOMHHEOE [-HITyHeHHS (MeToJ HACHINEHHEIX cloek). B
3TOM CIIVIA€ PETHCTPHPYEMAR CEOPOCTS c9eTa J IpONopIHOHANEHA VIETLHOH AKTHEHOCTH
Ays 0Dpazma. HMEOMETo ITOMANE 5:

5

rae &, k. g, p H 1- 00CyEIICMEIE B HﬁfIDH]]IE\i pasziene NoNpaBoTHELE n:oa-:pq:mmem, Aw MOZET
OEITE BEIpA#eHA THOO B HMII/CT (|1 - B CMC/T), JHGO0 B HMITC-CM (L - B CM1); Pa3MeEpHOCTE 5 - M-

Ocna0IeHne MOTOEA j—KBAHTOE, KAK IPABHIO, NPeHeOpPeEImM0 MaTo. YDABHEHHE THIIA
(2.4) nenecoobpazHO HCOOMBIOBATE, 3aMEeHHE Ko3DODHIHEHTH | (Ind [—HuTyIeHHA) Ha
Ko3(dHIHEHTEL L1, H3 Ta0m [1.5. 1717 OUeHKH CaMONOITIOMIEHHA MATKOTO |—HITYICHHA B
JOCTATOTHO TOACTHIX NPENapaTax (L, dyp=0,05).

KosddunmesT obpaTHOro paccesHHEA ¢ — OTHOIIEHHE YHCIA MACTHI Jg5, HCIYCKASMEIX B
HaMpaBIeHHH JeTeKTopa ¢ MNOBepXHOCTH MPEeNapaTa. HaXOJAMIerocHd HAa NOITONEe KoHed-
HOH TOMIHHEL K 9HCTY 9acTHI J;, HCOVCKAEMEDL B HANPaRTeHHH JeTeKTopa ¢ MOBepXHOCTH
TOrO € MPEeNapaTa NpH OeCKOHETHO TOHKOH mogtoxke (§ = Iy /1 ).
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bera-gacTHia MOXET HIMEHATE HANPABIEHHA CBOETO NEHEEHHA MPH KAXIOM BIaHMomeH-
CTEHH C ATOMAaMH MATEPHATA MOITOEEH, HA KOTOPYI) HAHEeCeH HCCIeTyeMEIH mpemapar. B
[Pe3VILTATE HEKOTOPAT YacTh HIMYIeHHA, HCIYCKASMOIO B CTOPOHY MOIMOAEH, MOKET OT-
PREATECE B HAMPARIEHHH TeTekTopa. Ko-
7, 3 HIHEHT ¢ BOIPACTALT ¢ VBETHIEHHEM
TOMIIHHE] [OJIOAKH /i, ZOCTHTAs HACHI-
meuus npa  h=02-04 Ry, ObparHoe
paccesHHe TAK&E PACTeT [IPH VBEIHIEHHH
ATOMHOTO HOMEpPAa MATEPHATA IOII0EEH
Z H 3HeprHH [[—9¥acTHII. IpOABTAS TeHIeH-
nHIo K Hackmesmo (puc. 2.2; ¥Co Ep ma
=03 M3B: P Epmg = 1.7 MaB). IIpu
3TOM 0OpPAaTHOE pPACCEAHHE HITYIEHHA C
1.0 Ik 1 L, sHepruel Ep mg= 0.6 M>B ogHol H TOH XKe
/‘ f 40 80 Z NOIIOAKOH NPHMEPHO OJHHAKOBO. Eciam
-4 29 (Cu) MOII0#EA HITOTORISHA H3 JIETEOTD MaTe-
PHATA, HampHEMep, oprcTeEna  (Z=4), To
Prc. 2.2 3apHcHMOCTE Ko3ddHIHeHTa g ODpaTHEIM paccegHHeM HITVUeHHA Opak-
oT !«-IHT&;EHEL‘J:B MOATOAEKH 14 -HITyIeHHT THEECKH 118 BCeX [-HCTOMHHEOR MOBHO
“Con*P Gpes (1< g <1.1: puc. 2.2).
[peHELpETs g=l.1p
J1% OOCTATOYHO TOICTED IPENapaToR
(IpaKkTHIeCKH HAYHHAA C dyp = 0.2-Rpg) Ko3ddHIHeHT g=1. Tak Kak OTpakeHHEIE [-
TICTHITE TOTIOMASTCA CAMEM IPETIApaToM.
Ilpn HaMepeHHH |-HIVYAMOIHX OPeNapaToB ODpPATHOE paccedHHE, KAk IIPABHIO. He
VUHTEIEAIT, TAK EAK B OOIEIIHHCTEE CIyvdace g = 1,02
Ionpaeka Ha cXeMy pacmaga p. CHOeETp HITYVIEHHE, COIPOBOETAONIETD PACTAN AIEp
GOTEIIMHCTEA HYKIHIOE, COCTOHT H3 TACTHI H/HIH |-KBAHTOE HeCKOIBEHX 3HepreTHUSCKHX
TPV, KOTOPEIE XapakTepHIVIOTCA PAavTHMHEIMH Habopamu xo3ddHUHEHTOE & &y, S H g5
Jona H3myHeHHA JAHHOTO BHOA (HIH JAHHOH 3HEPIHH) B CIEKTPE HCIYCKAEMEIX AIPOM
9acTHII (KBAHTOB) HA3RIBAETCA IOMPABKOH HA CXEMY paclaia p. 3HadeHHs Ko3(QdHITHEHTOR
P; TIPHEEIEHEL B TA0OMHIAX H30TOomoB (Tadm I1.1)
TeomerpEaeckmil KoaypEOESHT 1] VIHTEIBAST [IOTEPH HITYIeHHA, 00YCIOBISHHEIE BIa-
HMHEIM PACHIOI0EEHHeM [PenapaTa H cueTUHEa. OH papeH OTHOINEHHKY THCIA HACTHI
(kBaHTOE) [, HCIIYCKAEMEIX NIPENapaToM. HAXOQAIUHMCA Ha DecKOHETHO TOHKOH NOITOKEE,
B HANPABIEHHH TYBCTBHTEIBHOTO 00BEMA IeTeKTopa K OOMIeMY THCTY 9ACTHI (KBAHTOR)
A% p, . IOABIAOMIHXCE IPH paciage Agep (n=I1 /4> p,).

18

14

[eoMeTprHeckHi Ko3ddbHITHEHT paBeH eHHHIE, eC/IH PATHOAKTHEHEIH MPEeNapaT HAXOIHT-
CH BHYTDH HOHH3AITHOHHOTO TA30EOTO JETeKTOpa (4M-CHeTHHK) HIH PATHOAKTHEHOE Belle-
CTEO PAcTEOPEHO B EHAKOM COHHTHLITATOpEe. Ko3hdHIHEHT 1) B paOe CIVIASE MOXKHO OI-
PEIeTHTE, PACCTHTAE TEIeCHERIH VTOI O, 07 KOTOPEIM IeTeKTOP 0DIVIASTCA HCTOMHHEOM
HuTyIeHH (1) = @/4n). B caydae caomHol KoHGHIVPAITHE IpenapaTa HCOOMBIVIOT JKCIE-
PHMEHTANBHEIH MeTOZ HaxXo#aeHHs 1) (cM. m. 2.2).

ABCOTTEYH AKTHEHOCTE OpemapaTa, corfmacHo (2.2). MOHO HAHTH IO 3HAUEHHK eT0
HCTHHHOH CKOPOCTH CHUeTa, CIH H3BecTeH Ko3dQHIHEHT perHCTPalHe §.
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Touso ONpeNeTHT, HIH PACCUHTATH BCE COMHOAHTENH Ko3()(HIHEHTA ¢, KAK OTMeda-
JI0CH BHIIIE, BO MHOTHX CIVYAAX BEChMA 3aTPyAHHTenbHo. [loaToMy 1A onpegeneHHs ad-
COMEOTHOH AKTHBHOCTH HACTO HCIOIBIVEOT MHOO «METOJ OTHOCHTE/IBHEIX HIMEPEHHI», TH-
60 «@veTox PHKECHPOBAHHOTO TelecHoro yraa». CyTe 000HX METOOOB — CPABHEHHE, B CTPOTO
TOAIECTBEHHBIX VCIOBHAX, CKOPOCTH CU€Ta HCCASIYeMOro (KOHTPOIBHOTO) mpenapara (I,)
€O CKOPOCTBEO CHETA 3TANOHHOTO (CTAHIAPTHOTO) IIpenapata ([,,,). COOepEalIero H3BeCTHOE
KOJH9IECTEO PATHOHYEKIHAA.

H3MepeHHA MPOBOJAT HA OSHOH H TOH e VCTAHOBKE C OJHHM H TeM e JeTeKTOPOM H
KacceToll 1A KperwteHHA oOpazuoB. [IpenapaTel JO/DKHEI HMETh HISHTHUHEIE QopMy H
pasMep H OBITh OJHHAKOBO PACIIONOKEHEl OTHOCHTEIBHO JeTeKTOpa. PamHoakTHBHEIE Be-
IIECTBA HAHOCAT HA PABHEIE M0 TOITHHE MONIOMAEH, KOTOPEIE H3TOTORIEHBI H3 OJHOIO H
TOXeE MaTepHala. [IpH perHCTPalHH [(-9acTHII PEKOMEHIYETCH HCIIOIEI0BATE TOHKVIO Op-
TaHHYECKVIO IUIeHKY HIH OyMary, ofpaTHoe paccesHHe OT KOTOPHIX MHHHMATLHO. 19 VCT-
PAHEHHA NOrPEINHOCTH, CEA3AHHON ¢ caMoociabneHHeM [(-HaTYHIeHHA, CIeOVeT HIMEPATH
CKOPOCTE CHeTa JHOO OUeHEb TOHKHX NPENapaToB (Udy,=<0.02), 1H60 IpenapaToB, TOMIIHHA
KOTOPHIX CPABHHMA (HIH GONBINE) ¢ MAKCHMATBHBIM IPOOeroM B-9acTHo.

Ecin mpenapaTsl cOTEpHEAT OTHH H TOT K€ PATHOHYEIHI, TO, IPH MPOBEIeHHH HIMepe-
HHil B OJHHX H TeX &¢ YCIOBHAX, Ko3(Q(QHIHEHTEl PeTHCTPalHH ¢ OVAYT OJHHAKOBHL. B
3TOM CIVIae FOBOPAT 06 ONpeaeIeHHH abCOMOTHOH AaKTHBHOCTH (A4;) MO «METOXY OTHOCH-
TEIEHED HIMEPeHHHY:

I
A === 2.
411“ (2.6)

B TeX coydafx. KOTOa OTCYTCTEVEOT CTAHIAPTHEIE MPENapaTsl, CONEPUEAITHE TOT He HVE-
JHI 9TO H HCMONBIVEMEIH B pafoTe, MPHMEHSIOT «MeTon HHECHPOBAHHOID TEIECHOTD VI-
maw. OH 330TH0YAeTCS B HIMEPEHHH CKOPOCTH CHeTa NPENapaToR IPH CODMOISHHEH MOCTO-
AHCTEA TEOMeTPHISCKOro Ko3Q¢HITHEHTA 1) B COYETAHHH C PACIETOM BCEX HeoOXOTHMEIX
NONPABOK, BXONANNY B KO3GGHIHEHT perHcTpanHH ¢. [IoCKOIBKY PAcTeT KAMIOro H3 KO-
3@ ¢uoEeHTOE B (2.2) OVIET VESIHIHBATEH NMOTPEIIHOCTE ONpEeNeTeHHs 4, CTPeMATCH obec-
[eYMHTE TakHe YVCIOBHA PEelHCTPAlHH, KOTOPEIE IO3BOMANT CIHIATE XOTA OBl HEKOTODHIE
MONpPABEH PABHEIMH 1.

2.2. OnpenesennHe abCOAKTHOH AKTHBHOCTH npenapata 0Sr(90Y)

B HacToameH padoTe 414 oOpelde/IeHHA a0COMOTHOH AKTHEHOCTH KOHTPOIBHOTO IIperna-
pata “Sr(*’Y). B KOTOPOM H20TONEI HAXOZATCA B COCTOAHHH BEKOBOTO PABHOBECHT, HC-
MOJIBIVIOT ITATOHHEIH IIPemapaT “MT1. HeobxomuMele 111 MoCTIETVIONHY PACTIETOR TAHHEIE
(mepHOZE! MOMTYpacafa, YHEPIHA aCTHL Ej may H BEIXOIEI JACTHII HA PAcNajl) NPHEEIEHEL B
Tadm IT.1.

Tlpenmaparsl OpedcTARTAKT COD0H AMIOMHHHEEERE THCKH TOMMHHOH 1 MM, Ha HoBepX-
HOCTE KOTOPEIX HAaHECEHO PATHOAKTHEHOE BEIIECTEC B KOMHYUECTEE, COOTBETCTEYVIOMIEMY
VCIIOBHED <<ﬁecmHean TOHEHH obpazeny (5=1). ILTomangs aKTHEHOTO [I4THA B HEHTPE OHC-
KOE paeHa 1 o Jna 0boHX HCTOYHHKOE @@eEHEHnm perHcTpansy B-Hamyaenns ==1.
KoadduunerTs 00paTHOTO pacCedHHs HTVICHHA s, ™1 Y. & npefelax OOTpelIHo-
CTH H3MEPEHHH, MOMKHO CIHTATE OMHHAKOBRIMH (1.2< g =1 3).

Taxmu obpazoM, Ha ocHOBAHEH (2.2),  VIeTOM PABSHCTRA 1), MOXHD 3AMHCATE
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Te HEISKCE j H § OTHOCATCA K ITATOHHOMY H HCCTIETYeMOMY IPENapaTaM, COOTBETCTEEHHD.
CleqveT mom9epEHYTE, 9T0 B ypaBHeHHsx (2.6, 2.7) snadenus [, I, u [,,, - HCTHHHEIE PETH-
CTPHpPVEMEIE AKTHEHOCTH, T.€. CEOPOCTH CHETA, HCTIPABNSHHEIE HA PAIPEIIAIONIes BPeMA T B
tou (cv. ypaesenne (1.3)). B macTosmed padoTe 0OBIMHO HCIONBIYIOTCH MPEIAPATEL, CKO-
POCTE CHUeTa KOTOPEX MeHbIne G000 MM/ MEH, 9T0 MOZBOIIET HE BEOHTS IIONPABKY HA T.
OcHoOBHOH BEIATD B NOTPEINHOCTE HCKOMOH BEIHYHHEL 4, BHOCHT 3HAYHTEIRHAA MOTPE-
HOCTE OIpeJeneHnd KoaddHIHERTOB 0CTa0meHna & (3 =0gsy= Opy=0.15); BEICOKAR TO-
HOCTE H3MEPEeHHA CKOPOCTH CHUeTa NPaKTHUeCKH He OYIeT BIMATE HAa KOHEYHEIH pe3yiIbTaT.
VuuTEBAd ITO VCOIOBHE, INIA ONpPeleieHHA 4, MOEHO OIPAHHIHTHCA [POBEIEHHEM, KaK
IPaBHIO0, 4=5 HIMEPEeHHHA CEOPOCTH CHETa [MPENapaToR MpoJoIEAHTEIEHOCTER N0 1 MEH (B
GOIBIMHHCTEE CTYIAEE MOTPEIIHOCTE ONpeaeneund [, OyaeT Mensme 10%5).
eae padoTsl
Onpegenesne MeTOA0M (HKCHPOBAHHOIO TEIECHOID YI/IA abCOMHTHOH aKTHEHOCTH IIpema-
PaTa, COTePIEANIEro PABHOBECHYIO CMECh H3OTOIOB — Sr(- Y ).
ObopyaoBaHHe H MATEPHAAE]
VeTaHOBKA ¢ HHIHHAPHIeCKHM caeTuHEoM I efirepa-Mromiepa.
KOHTpONBHEIA Npemapat WSI(%Y}.
ITanoHHR (CTAHIAPTHEIH) IpemapaT Ml COIPOBOIHTEIBHEIM IACTIOPTOM.
Brimoaseras pafoTel
1. [IpoBOXAT NIpeIBapHTENRHEIE (IPOIOIEHTENBHOCTER =50 ¢ BN =1 MHH) HIMepeHHH
CKOPOCTH CYeTa 3TAJOHHOrO obpasua [y KOHTPONBHOTO Hpenapata L H doHa [z He-
none3va cooTHomeHHs (1.32; 1.33), oueHHBAKT MHHHMAIBHVIQ OTHOCHTEIBHAA NOIpPEIN-
HOCTE (Gﬂr}) OIpPEIeNacHAT CEOPOCTH c9eTa [ H I, IpH JOBEpPHTEIBHOH BEpPOATHOCTH
v=0.95 m1a 4* maMepeHHil Ka#I0ro Npenapara H GoHa MpoIoEEHTEIEHOCTERIO o 1 M.
2. [MpoBoasT mo 4 HIMEPEHHA CEOPOCTH CHETA KOHTPOMBHOTO H CTAHIAPTHOID NPENapaToE,
Ka#IBIH pa3 MOBOPadHBAA HX BOKPYT OCH Ha CAVIAMHBEIH yroa, H ¢oHA MpoJo/DKHTEIBHO-
cTBEO 0 1 MuH. HaxoadT cpegHHe CKOPOCTH CHETa MPeNapaToB 3a BeMeToM GoHa. B oTcyT-
CTBHE IONPABKH HA paspenaromee BpeMa. Json = Inx o=l Iy U In=lnaw—dp = Lamlp
3. PaccuuTeBaroT morpemmocTH (A, ) onpegeneHHa f-;,m a1 Iy ana 95%-Hol ZoBepHTENE-
HOH BEPOATHOCTH, HCIONB3YE ypasHernd (1.19. 126 m 1.33) wtabn. IT.2.
4 Hcoonszva dopuymy (2.3) u tadn. [14. paccuHTRBAXT Ko3pHIHEHTsI ocnabaerns (k)
f—H3myieHRA Ut “Y 1 "™ T1 (Tommusa cTerkn IeTeKTopa H C7Iog Bo3ayXa d=63 ma‘cmz}.
5. PaccuuTeIBaoT, cormacHo (2.7). abComoTHYIO AKTHEHOCTE KOHTPOIBHOIC IPeNapaTa.
6. TIpenieHss 3aK0H HAKOIUIEHHA morpemmocTed (1.30). paccuHTRIBAIOT OTHOCHTENRHYIO H
aDCOMIOTHYIO IOTPENTHOCTH BEIHIHHEL As vy, COOTRETCTBYVIOIIHE 95%-HOH JOBEPHTEIRHOH
BEPOATHOCTH, IPHHHMAS, UTO NOTPEIHOCTH Oprmy=Ogsy™ Opry—U-15. [lorpemuocTs ompene-
JIeHHA A7 YEa2aHa B MacOOpTe 3TATOHHOIO INpenapaTa.

b 5. B 28)
(kg+k, ;™ (kg +ke ) 7

=8 +d

oo
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PABOTA 3. HOEHTHSHEALA PAITHOHYEAMIOOB METOOOM 'AMMA-
CIIEKTPOMETPHH

3.1. 'aMMa-clIeKTpOMeTpHS

I'anpua-HEaTyIeHHe CONPOBOA AT AIePHEIE IPEEPATEHHA IOJARIAIINErO OOIBIIHHCTEA
PATHOHVEIHAOB. flgpo, odpasyiolmescd NPH PaJHOAKTHEHOM pachafe, 9alle BCEro OKa3El-
B3ETCH B BO30VAIEHHOM COCTOSHHH (E£_), IPH Depexole H2 KOTOPOrO HA VPOBEHE C MEHE-
meH 3HeprHeH HIH B OCHOBHOE cocTofHHe (E.) HCIyCKAaeTcs -KBAaHT. JHEPrHE KBAHTOR
(E=Ex—E:) onpemenfeTcA CTPYKTYPOH 3HePreTHHUeCKHX VPOBHeH KOHEPETHOIO AZpa H.
CIeIOBATETEHO, V-CIEKTP ABIACTCA CEOSDOPAZHEIM «IACTIOPTOMY pagHOHYETHIA. [losTony
raMMa-CIEKTPOMETPHA — ONpeNe/IeHHe 3HEPTeTHIECKOI0 CIIEKTPa Y-KBaHTOE, HCITYCKAaeMELX
HCCHeIVeMEIM BeIIecTBOM, — HAHOOIee VHHEBEPCATBHEIA MeTo HISHTHHKAITHH PaTHOHYE-
JMHIOE B Npodax pasIHIHOTO COCTABA. [ aMMAa-CIIeKTPOMETPHA ABMASTCA TAkOKe BAEKHOH co-
CTaBHOH YacTEH MHOTHX HHCTPYMEHTAIBRHEIX METOJOE XHMHIECKOI'O aHATHa. Hanpauep,
V-CHEKTPE HYKIHIOE. 00pa3yIONIHXCA IPH HeHTpOHHOM 00IVIEHHH CI0AHOIO IO COCTAEY
00paszla, NOIBOMIAIOT YCTAHOBHTE COJEPEAHHE DAsIHIHEIN XHMHYeCKHX IEMEHIOB B HC-
CIETVEMOM BEIIECTRE.

3.1.1. HooycKaHHe H ODOTACIIEHHE FaMMa-EBAHTOEB

IHEpreTHYeCKHe COCTOAHEA (YPOBHH) A7pa JHCKEPETHE! H HMEIOT INHPHHEY [, CBI3aHEYIO
CO BpeMeHeM HX EH3HH T, coOTHomeHHeM I efzenbepra: I,-T,,= I/2n, roe h — mocTosHEHAS
IInapka. B cOOTESTCTEHH ¢ NPHHITHIIOM HEONPEIeIeHHOCTH, Y-EBAaHTE, HCIVCEAEMEIE BO3-
OVAHIeHHEIMH SIPaMH IPH 0JHOM H TOM e [Iepexole, He MOTYT HMeTE a0COMIOTHO OJHHA-
KOBYH 3HeprHw. CHeKTpalbHad JTHHHA, OTBEYAHINAd TAKOMY IIEpEX0dy. He ABIIETCA Oec-
KOHETHO TOHEOH. a o0IagaeT ecTecTBeHHOH IMHpHHOH [ KOTOpad PaBHA, KAK [PaRHIO,
107%-107° 3B. KpoMe Toro, IpH HCIYCKAHHH GOTOHOB TacTh SHEPIHH NEePeXoda MOEET
OEITE mepegaHa Anpy (3Heprid oTgadn Ep). a MIHPHHA THHHH HCIIYCKAHHA VBEIHIHBAETCT
0 3HaqeHnd [ H3-3a MOIY/IALHH 3HEPTHH NPH TEIVIOBOM JBIKeHHH 11ep (3dderta E{m—
nepa). 3uatennd Ep u [ DpeHedpeAMO MATE 10 CPABHEHHIO © E, Har:plmep oo 'Cs
(E,=662 k3B) otHomenna Ep/E, B [pE, paBHEL COOTEETCTBEHHO, 2.6- 10° 1 63-107"
TlosToMy cHEETpP HCOYCEAEMEIX V-KBAHTOB CUHTAETCA, [PHMEHHTETBHO K CaAMMa-
COEKTPOCKOIHH, JHCEPETHBIM.

JHEpPrHIO Y-KBAaHTOR, IPe0OpAz0BAHHYID B AIEKTPHYECKHE CHIHANE! JeTeKTOpa, OIpe-
JeIHI0T [0 NOToEEHHE) JTHHHE ammapaTypHOTO |-CHeKTpa, GopMHEpOBAHHE KOTOPOTO 00Y-
CIOBMEHO. B OCHOBHOM, IEPBHYHEIMH NpOLeCCaMH MOTEPH 3HEPTHH (-HITYICHHA B KpH-
cTanIe JeTekTopa; GOTONOINIOMIEHHEM, KOMIOTOHOBCKHM PacCefHHeM H  oOpa3oBaHHEM
AMEKTPOHHO-IIOZHTPOHHEIX IIap.
doTronoraomenne ((porordierT) — npouece nepenauH Bcell JHEPrHH y-KBAHTA MISKTPO-
HY, KaK Opaenmo, K- in L-000m09EH aToMa 00IVHaeMoro BemecTBa. KHHeTHIeC KA SHEP-
THA BRIOHTOTO 3IEKTPOHA ((PoToanexTpona) Ey paBHA Pa3HOCTH MEXTY 3HeprueH doToHa H
SHEPrHeH CBA3M B aToMe, Hanpumep, R-anektpora: Ey=E —Eg

Bagarcua. o0pazoBaBmaicad Ha A-000modke. 3a0o/HAETCA IISKTPOHOM C OJHOTO HI Ha-
XOOAIIHXCA BEINE YpOBHeH, HampHEMep, [; Brimensromadcs mpH 3ToM 3Heprua (Ex—Er)
MOJKET OBITH /IHOO PaccesHA B BHIAE PEHTTEHOBCKOTO KBaHTa (Ey = Ep—Ep;). mabo nepegana
OPYVTOMY 3IeKTPOHY, Hampuuep., Lp-oDonmodeH. 3TOT 3IeKTPOH NOKHHET aToM, T.E
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Ey—E;;~Ern B stomM zamogaeTcs 3ddert Ome. KackagHoe pasMHOEEHHE «IEIPOK» IIOCIE
NEPEOTO OME-TIEPEX0Ia NPOHCKOIHT J0 TeX Hop, NOKA OHH He MepeMecTATCA BO BHENTHHE
obomousn. Takmm obpazoM. doToadwpekT compoBOETasTCA MHOO PEHTTEHOBCKOH quIvO-
PECOEHIHEH, THOO KackagoMm (xe.

KonudgecTeeHHOH XapaKTepHCTHEOH BepOATHOCTH BIaHMOINSHCTBHA |—EKBAHTOE C aTo-
MAMH IIOTTIOTHTENA ARIA€TCA «CETeHHe BIaHMOIeHCTEHAy . CeueHHe THCIEHHD PABHO BEpPO-
ATHOCTH B3aHMOJAcHCTBHA KBAHTA HA €JHHHIIE IIYTH B BEMIECTBE, COAEPHAIIEM OQHH aTOM B
eOHHHIE 00BEMA, H HMEET Pa3MEpPHOCTH IUIOIIATH (Kak mpaBemo, cM ). Cedenne dotomo-
[J0mMeHHA (T) Pe3Ko BOIPACTAET NPH VMEHBIIEHHH E, H VBETHUEHHH aTOMHOIO HoMepa Z
BEINECTEA MOTIOTHTENS: /UIE KBAaHTOE OTHOCHTENIEHO HEDOIBII0H 3Heprud (E, = 511 E3B) 1
OpoNopOHOHATRHO OTHOMIEHHIO z Eﬁj. CaegveT OTMETHTE, 4TO 3HAYEHHE T CKAUK00Opas-
HO VBEIHIHEASTCE B CIVHae PAaBeHCTBA F, 3HEPIHH CBAIH 3IeKTpoHOB HAa K- L- mwmm M-
0DOMIoTKAX.

DoToad kT ABTAETCE MPeODIATANITEM IPOLECCOM IEPEIatH JHEPTHH IPH IPOXo&E-
JeHHH KBAHTOE HH3KOH 3HeprHH depe? NOITIOTHIEh, HMEHIMHE OTHOCHTeIEHO OOIBIIOH
ATOMHEIH HOoMep. B 9acTHOCTH, XapaKTepHCTHUECKOS HITVICHHS, HMEInee, Kak IPaBHiIo,
HeOONBIIYEO 3Heprio (Ey < Ey), mormomasTed 0o MexaHH3MY doToadderTa.
KoMIOTOHOBCKOE PACCEHAHHE — [IEPETATA TACTH IHEPIHH (-KBAHTOE ITEKTPOHAM BHEITHHY
oDOMoYEK. JHEPrHA CBAIH 3THX EKTPOHOE NPeHeOpeXHMO Mala II0 CPaBHeHHK C E, H
paccegHEHe TPAKTYETCH KaK YVIPYTOE CTONKHOBEHHE (OTOHA ¢ OTIENLHEIM CBOOOIHEIM JTEK-
TpoHOM. B pesyieTare 3MeKTPOH DOKHTAET aToM, 3 Y-KBAHT C 3HEprHed E,' oTEIOHRETCH
OT HATIPABTIECHHA IBHECHHA NePEHYHOTO KBAHTA. KHHETHUSCKAR 3HEPIHA KOMITOHOBCEHX
3neKTPoHOB (Eyppm= E,—E,'). BHIOHTBIX MOHOZHEPreTHYECKHMH kBaHTaMH (E,. k3B), H3-
MEHAETCA B IMHPOKHX npelenax. 0< E,pumm = ET-[li-(Sl]fIET}]'l_ Iucno GoTOHOE, IpoXo-
OATHE 9epes IOTIOTHTENS IPH PETHCTPAlHE Y-H3TYIeHHA, BEIHKO H 3HEPTETHIECKDE pac-
npedeNeHHe EOMITOH-3T€KTPOHOE B VEASAHHBIX IPaHHIAX ABI9eTcd (akTHIeCKH Hempe-
PEIEHEDM.

BepoATHOCTE KOMITOHOBCKOIO PAcCEAHHA (T) PacTeT NpH YMeHBINeHHH E, H NpH VBe-
THYeHHH Z 00MydaeMOoro BeIIecTBa, HO 3aBHCHMOCTH DOMIee IUTABHEIE, 9eM B caydae doTo-
atderTa: B mepsoM npuEOTHXennH, ¢ o« ZE, B GOIRIIHHCTRE DOTTOTHTETSH KOMOTOHOR-
CEO® paccesHHe SB/IAeTCH OCHOBHEIM NepEHYHEIM IPOUEcCcOM BIaHMOZeHcTEHE a4 doTo-
HOB CPeIHHX H EEICOKHX 3HePIHH, a OpH HeOOoMBmHX 7 — H T4 MATEHX y—KBAHTOE.
ObpazoBaEHe mAp eKTPOH-HO3ETPOH — B3aHMOAEHCTEHE BEICOKOIHEPTETHUECKHXK -
KBAHTOB C IIONIEM SOEp, IPHEOIANIES K HCUeIHOBEHHI) KBAHTOE H 00paz0BAHHIO 3apAKEH-
HEIX 9acTHI. [IoporoBasd 3HeprHE IPONeCcca PARHA VIBOSHHOH 3HEPIHH MACCEl MOKOR IIEK-
TpoHa (1022 k3B). a KHHeTH9ecKasd 3Heprua =acTHn E, = E..= (E,-1022)/2. TTocmeqyio-
Iad AHHHTHIAIMEA [DO3HTPOHA NPHEOIHT K IOABIEHHID IBYVX KBAHTOE C 3HeprHeH mo 511
K3B KaEIOeiil. KOTOpEIE, B CEON OHUEpedh, MOIYVT HOIVIOTHIBCA BEINECTEOM [0 MEXAHHIMY
toTozdhdiekTa HIH paccesThCA HA 3EKTPoHAX. BepodaTHoCTh obpasoBanng map () mpomop-
IHOHATEHA Z H pacTeT ¢ yBenudueHHeM E, 3Ha4eHHe j§ CPaBHHTEIBRHO BEIHKO JHINL JTIH
dioToHOE ¢ sHeprHefl 6omee 4000 k3B, a B mmamazome 1022<E,=2000 k3B Bo MHOIO pa3
MeHEIIE CeTeHHA KOMOTOHOBCKOTO PACcCedHH.

JEKCH0HeEONHEAILHBLIN 3AK0H 0CTablleHEA H IPOEEKAKNINAA COOCODHOCTE Y-HEITVIeHHA

OmHcaHHEIe BEINIE IPONECCH MPHEQOIAT K OCTADIEHHID MOTOKA V-HITVIEHHA. VMEHEIIe-
HHE THCIA Y-KBAHTOR H3 [IAPANIENRHOTO MVYKA, TATAKINET0 NepIeHIHEVIIPHO I0BEPXHO-
CTH NOTJIOTHTEIE, MOTIHHALTCA IKCIOHEHITHATEHOMY 3AK0HY
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Ny = Nyexp(-) (3.1).
roe NpH N — 9HCTA V-KBAHTOE, MATAIIHY HA IOTJIOTHTENE H IPOIIETITHY CKBO3E HETO, CODTBET-
CTBEHHO, [— TOJNINHHA IOTTIOTHTENT B CM, 1~ ko3 DHITHERT oCTabmeH T B M.

KosdduumerT ocnabneEsa || 3aBHCHT OT XHMHYECKOrO COCTABA MOTJIOTHTENA H 3HEPrHHE
v-EBaHTOE (Tabn. I1.5). On XapakTepH3VeT NOIHVIO BEPOATHOCTE BI3aHMOZeHCTBHA (QOTOH-
HOTO H3TYYEHHA C BEIECTBOM H paBeH cyMMe ko3(dummenTos ocrabnerns 3a caeT doTo-
MOTTIONIEHHA (T ), KOMITOHOBCKOTO PaccesHHA (o) H obpazoBamma map (i ):

W=(t+o+y10"-m=17+ od+y (3.2).
TIe T, T, ¥ - CEMPHHA OCHOBHEIX MPOIECCOE MOTEPE 3HEPIHH (B a:.\f}_ Hy — SHCIO aTOMOE B 1 oy
0BTV IASMOTD MATEPHATA.
EcIH TOMIHHEA OOTTIOTHTENE, HMEIOMEro IIOTHOCTE 0 (I/cM’). BEIpakeHa B T/CM-. TO JIA
OLIeHKH OC/TA6/IeHHA TOTOKA HCIOMB3YIOT MACCOBELE KoabdmmaenT = u'/o (ca/r).

TDOTOHEI He HMEHT ONpeIe/IcHHOIO MpoOera B BeMIECTBE H 3IKCIOHEHITHATEHEIA 3aK0H
oCIa0MeH A NOToKa (3. 1) BEMOTHAETCA NpH MoOoM 3Ha9eHHH [ 14 XapakTepHCTHEH Ipo-
HHEAIOINEH CHocOOHOCTH |-HITYYeHHS HCOOMBIVIOT 3HadeHHe 1/10  (cpemHas rayoHHA
IPOHHKHOBEHHA (OTOHOE B JAHHEIH MaTePHAT) HIH TOMIIHHY MOTTIOTHTENS, OCIADIAI0me-
ro moTok B 2 pasza (/;,=/n2/u). Cremyer oTMeTHTS, 9T0 3Ha9eHHe |17 114 OTOKA KBAHTOB C
3HeprHeil £, B COTHH pa3 DoMBMIEe clI0f MOTOBHHHOTO OCTAONEHHH NOTOKA IIEKTPOHOB.
HMEIHX KHHETHIECKYED 3HEPTHID Fyp = E
Hoamzanua cpelkl.

Tneno 3apAEeHHBX TACTHIL, 00PAIVIOITHECH HENOCPEICTBEHHO B IEPEHTHELX IPOIeCCax
NepeladH 3HEPTHH, OTHOCHTEeNEHO HepedHEo. HoHHzHpyvIomes meficTBHe y—HTVIEHHA OI-
pejenseTci. B OCHOBHOM. HEVIPYTHMH B3aHMOIEHCTBHAMH ()OTO-, KOMITOHOBCKHX H
3MEKTPOHOE (IIOZHTPOHOE) AP ¢ aTOMAMH OOIYHAeMOr0 MATEPHAIA. MPAKTHYECKH BCA KH-
HETHYECKAS JHEPTHA 3THX TacTHII PAcX0JyeTcd Ha HOHHAIHIO H/HIH BO30VAISHHE aTOMOB
MOTIOTHTETE. BMecTe ¢ TeM, IRHEEHHe WIEKTPOHOE €epe? BeIecTBO 8celdd COMPOBOHE-
JAeTCH MEKTPOMATHHTHEIM TOPMOIHEIM HITyIeHHeM. [ong moTephk Ha TOPMOIHOS HITYVIE-
HHE VBEIHIHBASTCH ¢ POCTOM KHHETHISCKOH SHeprHH 9acTHD (E,,) H aTOMHOTO HOMepa
DOrIoTHTeNd Z. B KpHCTAIAX COHHTHUMIHOHHEX (Z,;;=32 mns Nal) H norynpoBogHu-
koBRIX (Z=32 mns Ge) OeTEeKTOPOB 3TH MOTEPH COCTABIAIOT MHINE 2-3% 119 BRICOKO3HEpPTE-
THYUECEHX 3MEKTPOHOE (Epy = 20003000 x3B) 1 npeHebpesiMo Mankl B crydae E,=1000
K3B. B raMuMa-cIeKTpoMeTPHE IOTEPH HA TOPMO2HOE HATYIeHHe 00BMHO He VIHTHEBAKTCH.

3.1.2. [Tpouecce! npecbpazoBaHHA SHEpPrHH raMMa-KBAHTOE B JeTEETOpax

B HacTosmee BpeMA OIH CHEETPOMETPHH -HATVICHHA NPEHMYVINECTBEHHO HCIIONBIVEOT
JETEKTOPE] JEVX THIIOB . COHHTH/UTAITHOHHEIE H NOTVIIPOBCTHHEOEBEIE.
COEETELIANEOEALIE JeTeKTOpEl IpeICTABIAKT CoD0H EpPHCTALI-COHHTHIIATOP, OMOTH-
YecKH CBAAHHBIA ¢ (OTOMEKTPOHHEIM yMHOEHTeneM (P3V). Yame Bcero B KadecTBe
CUHHTHIIATOPA HCOOMB3VeTCH MOHOKDHCTATT HOTHIA HATPHA, AKTHEHPOBAHHEIR TATLTHEM
Nal(Tl); mpeversroT Taoke kpEcTamisl CsI(T1) 2 BsGe; O,

3NEeKTPOHE! (MO2HTPOHEL), MOABIAKIIHECA IPH IPOXOAIEHHH IOTOKA V-KBAHTOE €epes
KPHCTAIUL, HOHHIHDPVIOT H/HIH BO30VAIANT GONBINOe THCIO ATOMOB. MaKCHMATEHEIH mpo-
DET ITHX 9ACTHII, KAK MPABHIOD, 33BeI0MO MEHBINE PAIMEPOR KPHCTALIA H IPAKTHYECKH
BCH KHHETHYECKAd 3HEPrHd NepeIacTc cmﬂrrn:l.mcpjf':'}. (OCHOBHAA 9ACThL IHEPTHH BO3-
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OVAJEHHT TPAaHCGOPMHPYETCS B TEIUIOBYVIO, 9aCTh — BRICBEUHBASTCA. THCIIO CBETOBRIX Go-
TOHOE COCTABIRET B cpemHeM 10+100 Ha 1 k3B nornomeHHOH 3HepTHE y-H3TydeHHA. [IpH
3TOM A0/ 3HEprHH BO3OVAIOEHHA, [IpeodpalyeMoil B CEETOBEIE HMITYIIBCEL — BEIHIHHA
NOCTOAHHAA T8 JAHHOTO KPHCTALTA. [103TOMY UHCI0 GOTOHOE., COCTABIANINHX OTIEIE-
HYEO COHHTHLIANHE, TPONOPIHOHATLHO KHHETHYECKOH 3HeprHH 3apAEeHHEIX TACTHII, T.€.
JoJIE JHEPTHH |-KBaHTa, IEPeJaHHOH KPHCTALTY.

Benenmks ceeTa. nonanaf Ha gotokaton $3V, BEIZBIBAKT 3MHCCHIO 3A€KTPOHOB. KOTO-
PEIE B 3IEKTPHIECKOM [IO/IE YCKOPAIOTCH H IONANal0T Ha NepBhli quHox. [loTok 3nekTpo-
HOB, OIPOX0Id CHCTEMY THHOTOE, VEETHUHEASTCA TAEHHOOOPAZHO IPHMEpPHO B 10°=10° pas.
H ¥eKTPHYeCKHE HMITVIEC ¢ aHoga $3OV mocTynaeT B perHCTPHPVIOWIVID AlapaTypy. 3a-
PAN. IPHHOCHMELH JTABHHOH HA aHOJ, IPONOPIHOHATEH MHCITY 3EKTPOHOB, BEIOHTEIX C do-
TOKATOOA, KOTOPOE, B CEOK) OHEpEeIL, ONpPeIeNieTCd HHTEHCHEHOCTEE) CBETORED BCIIBINIEK.
Taxmuy 0DpazoM, aMIUTHTYARL CHTHATOR Ha BEIXoZe T3V nponopliHOHANEHE! JHEPrHH, Ie-
PEIaEAeMOH |-EBAHTAME ATOMAM COHHTH/UIATOPA B IEPEHYHEN IPOLIECCax.

PazeuTHe 30eKTPOHHOH JABHHE! H QOpPMHpOBAHHE CHTHANA Ha aHoge P3OV zammmaer

107°=10"%. 3ror NEPHOT MEHBINE BPEMEHH BEICE€YHBAHHA (JOTOHOB HEOPraHHYECKHMH
kpHCTATIaMH (B cayaae Nal(Tl) ~2-107 ¢). KoTopoe ONpemeIfeT paspellafoIles BpeMA
CUHHTH/UIANHCOHHEIX JeTeKTopoB (cM. cTp.6).
JeficTEHE NOTYIPOROTHAKOBRIX TeTeKTOPOE OCHOBAHO HA HOHHIAIMNH padoHdero BemecT-
Ba JETEKTOpa (MOHOKPHCTAUT KPEMHHA HIH CBEPXTHCTOrO TEPMAHHA) 3apAKCHHBIMH 9ac-
THOAMH, TOSBIAIITHMHCE OpPH ero y-o0aydeHHH CpenHad 3HEprHS, 3aTpadHBacMad Ha
00pazoBaHHe OOHOH Maphl 3IEKTPOH-BAKAHCHA, cocTaemgeT 2.9 u 3.8 3B anma repuamma B
KPEMHHA, COOTBETCTBEHHO. JMIEKTPOHEI (IO3HTPOHEI) IPH TOPMOMEHHH BHYTPH pabotdero
00BEMA JTETEETOPA COZTANOT DOMBIIOES THCIO CBOOOIHEIX HOCHTENEH 3apana (map 3MeKTPOoH
— BAKAHCHA), KOTOPEIE TI0T AeHCTEHEM NPHICKEHHOTD HANPIHEHHA JBHAVICA K JIEKTPO-
Jam. B pesyIeTaTe Bo EHelIHeH IellH JeTekTopa BOIHHEAST JIeKTpHIecKHH HMIIVIEC, IPo-
NOPUHOHATEHEI MDOITIOINEHHOH 3HEPTHH J-EBAHTA. JTOT CHTHAN 3aTeM VCHIHBAETCA H
PETHCTPHPYETCA.

Bonbnas DOZBHAHOCTE HOCHTENEH 3apana B Ge H Si mo3soxseT codpars 3apan 3a Bpe-
MA OpHMEepHO 10°-107"c. uTo ofecneumHBaeT BHICOKOE BpeMeHHOe pa3pellleHHe DoIyIpo-
BOJHHEOBEIX JeTEKTOPOB. JTH JeTeKTOPHl (KAK H CUHHTH/UIAHOHHEIE) [IO3BOMANT PErH-
CTPHPOBATE BEICOKHE CKOPOCTH cYeTa 063 MOMPABKH Ha pazpelnaromee Bpema T (cad cTp.6).

3.1.3. AnmapaTypHEIA CIIEKTP

AMIIHTYIA CHTHANA JeTeKTOPa, KaK OTMEeTaAT0Ch BEINIE, ONPEIeAcTcA NOIMIONIeHHOH
KPHCTALIOM KHHeTHIeCKOH JHeprHel 2apiseHHEIX GacTHI, MOABRIANINHXCA B PeIVIETATE
[IEPEHTHEIX IPONECCOB B3aHMOZeHCTEHA 3MEKTPOMATHHTHOIO H3IYIEHHA C BEIIECTBOM. D
3THX IpoleccaX Y-EBAHTEl MOTYVT NePelaTe KPHCTALTY JIHOO BCHO 3HEPTHEY, JTHOO TOMBKO
HacTek e€, H, CIeToBaTeIRHO, Jake IPH PEerHCTPAlHHE MOHOIHEPTeTHYeCKoro HATYUeHHT Ha
BEIXOZE JeTeKTopa HOpMHPVIOTCE HMITYIECE! PAXTHIHOH aMIUTHTYIEL

IIpu doTosdderTe Bed I3Heprus —KBaHTA PACKONYETCA HA VIATEHHE H3 aTOMA, KAK Ipa-
BHIO, K-3nekTpoHa. Bo30VEICHHEIH aToM IIEPEXOIHT B OCHOBHOE COCTORHHE, HCIIVCKAR
KBAHTEl XapaKTepHCTHUECKOTO PeHTITEHOBCKOIO HaIyIeHH Ey HIH oXe-3TeKTpoHEL. [Ipo-
nece MepecTPOHEH 3MEKTPOHHOH 000I0YEH 33BepIIANTCA MPHMEPHO Hepes 107"e mocme
NOTTIOMIeHHS TepBHTHOTO hoToHA. K 3TOMY MOMEHTY 3Heprud HCXOIHOTO —KBAHTA (CyMMa
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EHHETHIECKOH 3HEPrHH (OTO3IEKTPOHA H 3HEPIHH BO30OVAUIEHHA MIEKTPOHHOH CHCTEMEI
aTOMA) MOTI0INASTCE B IOKATBEHOH 00JACTH KPHCTANIA, PasMep KOTOPOH ompe endeTcd HiH
MAKCHMATBHEIM MPooeroM (Rpg) BEIOHTEIX 3MeKTPOHOE, HTH (IpH $OTOMOTTOMEHHH HH3-
KOSHEePreTHIECKHX Y-KBaHTOB) — NPOHHEAKINEH CHOCOOHOCTEH XapaKTepHCTHIECKOTO Hi-
myiennd. Hanpewep, 3HadeHHs R, 219 BEICOKOSHEPreTHIECKHX 3ekTpoHoE (500 k3B =
Eg= 3000 k3B) B kpucTammax Nal @ Ge cocTaBnswoT oT ~ 0.8 mo ~7 vy, a 08 3IEKTpo-
HoB E;~100 k3B — 0,06 mpa. [Ipoder ome-3IEKTPOHOE BO MHOTO pa: MeHBINE. B To e Bpe-
MA I8 DOTIomeHHs 99% MOoTOKa PeHTTeHOBCKHX KBaHTOB (Ex < 28 k3B) meobxomemM caof
BEIIeCTBA ~ 0.5 npd.

Taxm obpazon, OpH QOTONOITIOIIEHHH Y-EBAaHTA aMIUIHTYIA HMIIVIBCA IPONOPLHO-
HAIBHA 3HEPrHH E,, H B alapaTypHOM CIEKTPE HOABIAETCA MAKCHMYM — IIHK IOJIHOTO IO~
raomeHHs 3Heprud ([1113). BEUTeT peHTTeHOBCKHX KBAHTOE 33 [IPeJeEl KPHCTA/LIA MOKET
[IPHBECTH K ACHMMETPHH IHEA [11173 HIH K DOBISHHD JONOTHHTETEHOTe MakcHyMa. Ha-
npHEMep. 114 Hoga Ey=28 k3B H B anmapaTyvpHOM CIOEKTPE JETEKTOPA ¢ TOHEHM KPHCTALIOM
Nal(TI) MoxeT HAOMOIATECA «IIHE BEUTETA», OTBEUAMINHE SHeprHH Epp = E,~28 k3B.

TIpH KOMITOHOBCKOM E3AHMOTEHCTEIN JOME 3HEPIHH, KOTOPAS OCTASTCE V PACCETHHOTO
kBaHTa E,', B KaAOM CIydae pasiIHYHA H OTHOCHTENRHO BeIHKA. Ec/IH paccedHHEIE KBAHTEI
BBLIETAOT 33 Mpedeikl KPHCTALIA, TO IPH Ka&IoM B3aHMOICHCTEHH JeTEKTOPY NepelacTcd
PAXTHYHAA JOTA 3HEPIHH NEPEHYHOTO KBAHTA (Eypumm=E,~E,"). Taxie coORTHI dopMHpPY-
0T HENPEPHIEHVID JACTE CIEKTPA (KOMIOTOHOECKHE KOHTHHYYM). JeEAITVIO JIeBee IHEA
[IONMHOTO MOTTIOIEHHS 3HeprHH. [paHHna 3Toro pacnpeleleHHA COOTBETCTRYVET MAKCH-
MATEHOH 3HEPIHH KOMIOTOH-31eKTpoHoB: E-[1+(51 l.-"l.ET)]_1 (k3B).

B coexTpe paIHOHVETHIOE, HCITYCEAMINTHE BRICOKOIHEPIeTHIECKHe KBAHTEI, MOTVT Ha-
DOMEOIATHECA, B JONOMHEHHE K IHEY 113 H KOMOTOHOBCEOMY KOHTHHVVMY, MAKCHMYMEL
COOTESTCTEVIOIIHE BEUISTY 33 HOpeIelbl KPHCTALIA OJHOTO HIH JBVK AHHHTHIANHOHHEIX
KEAHTOEB (E,—511 k3B wm E,~1022 x3B).

Heolx0oIHMO OTMETHTE, 9TO He TONBKO HENOCPEACTBEHHO doToa(ddekT, Ho H COBOKYII-
HOCTE DEPEHTHEX MPONECCOE MOMET IPHBECTH K IOMHOMY IOTTIONISHHE) SHEPrHH KBaHTa
E, B xpucTanne. HanpuMep, paccefHHEIH KOMIOTOHOBCKHE KBaHT E, MOXET NOTTOTHTRCA 11O
sexaHaIMy QoTozdderta. Tak Kak nepeMelleHHe KOMITOH-3IEKTPOHA H (POTONOITIOMEHHE
3TOrC BTOPHYHOTO KBAHTA B KPHCTALIE NPOHCXOIHT NPAKTHYECKH OJHOBPEMEHHO, HA BEI-
Xoge JeTekTopa QopMHPYETCH ONHH Pe3VIBTHPVIOIIHE HMIYILC, KOTOPEI IPOMOPIHOHA-
7IeH 3HeprHH E, H BHOCHT BKIAT B [THK IOJTHOTO MOITIONIEHHA 3HEPTHH. JTOT IHE 9acTo Ha-
3LIBAT (POTOMHEOM, IOTISPKHEAR TEM CAMEIM, TTO €T'0 MOABIEHHE ONPeIendeTcd oTo-
MOTNIOIMEHHEM KAK MepEHTHEIX, TAK H TaCTH BTOPHYHED KBAaHTOB. e QOMBINE KPHCTALI,
TEM BEINE BePOATHOCTE IOITIOINEHHA ETOPHYHEIX KBAHTOE H, CIIEIOBATEILHO, DOIBIIE OT-
HOCHTEMEHAS HHTEHCHEHOCTE (JOTONHES B ANNapaTyPHOM CIEKTpE.

TlpencTaBneHHEIE BEINIE MEXAHHIMEl E3AHMOICHCTERA V-KBAHTOE C BEIIECTBOM HEITAHOT-
CA ODIIHMHE J718 ECEX THIIOB NISKTPOMATHHTHOIO HITYVIeHHA CBEPXERICOKOH JacTOTEL B TOM
HHCIE XAPAKTEPHCTHISCKOTO PEHTTEHOECKOTO, AHHHTHIAITHOHHOTO H TopMozHoTO. IToaTo-
MY PeTHCTPAITHA H ONpeIeleHHE IHEPrHH, HAIPHMED, PeHITEHOBCKIN KBAHTOE OCHOBAHEI
HA TeX e NPHHITHIAX, 970 H FaMMa-CHekTpoMeTpHs. B 3Tof cBA3H CIeIyVeT OTMEeTHTE, IT0
PATHOAKTHEHEN pacla] MOKET HHHITHHPOBATE He TOMEKO V-HITVHeHHE, HO H XapaKTepH-
CTHUECKOS PEHTTEHOBCKOS. Bo MHOTHX CTVIARY 3HEPTHA BOOVEISHHA IIpa IepeIaeTcd
HENOCPEICTECHHO IeKTPOHY, HanpiMep, K-000mo4Ks, KOTOpPEIH NOKHIAET aToM (Ipomecc
BHYTpeHHeH KoHBepcHH). [IpH mocaemyromed NepecTPOHKe 3MeKTPOHHOH CHCTEME] HCITYC-
KAIOTCA PEeHITEHOBCKHE KBaHTH H 31ekTpoHEl Ome. [lomoOHml «BHyTpeHHHE doTo3d-
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¢deKT» BEIZEIBAST TAKKE pacmag AOpa [IVTeM JIEKTPOHHOIO 3aXBaTa. B coekTpax pammHo-

HYETHIOE HacT0 HAOMKIAKTCA MHEH NOTHOTO NOTJIONIEHHS 3HEPTHH «KOHBEPCHOHHOTOM

PEHTTEHOBCKOrC HITVIeHHS (cM. Tabm. 3.1).

TaMMa-cCOeKTPOMETP COCTOHT H3 JETEKTOpa, JHHeHHOTO VCHIHTENd H AMIUIHTYIHO-

uHGpoBoro npeodpazoeatend (ALIII), CBA3aHHOIO ¢ IEPCOHATBHEIM KoMIBIOTepoM. Hecme-

IVeMBIH JHANAZ0H aMIUIHTYI pazOHBaeTcH Ha # (HampEMep, 1024 wm 4096) paBHEIX yda-
CTEOE (KAHAIOR), KAETIOMY

1000- MMSA NONHOMG NOFACWE WA H KOTOPEIX MPHCBAHBACT-
FHEPTAN CA TNOPATECBREIH  HOMED.
2 B m— HFGe ANTIIHTYOA CHTHATOE, TIO-
- = CTVHAIIHX Ha  BXOX

Nal AT, m3MepAeTcd, H B
KAMIBIE EAHAT ODOMATAIOT
COOQTEETCTRVIOIIHE eMy
HMIIVIECE € AMIUIHTYIOH
wAY, WA, vapEAv,
KOTOPag 3aBHCHT OT Mo-
[IOIMIEHHOH  EPHCTATLIOM
JHEPrHH E=AE,

E#AE;, ... E£AE, Yucao

2000 3SHeprva, k3B HMITYTBCOB, AKKYMYTHPO-

BaHHEIX B KA#I0M KaHATe

3a BpeMd HIMeEpeHHA [

MOOCYHTEIBAETCA H B pe-

IVILTATE [IOIVIAETCH all-

maparvpHEI coekrp. OH

[PEeICcTARNEeT CoDOH IHCEPEeTHOS pacOpelelleHHe, [0 OCH adcIHCC KOTOPOrD OT/IO0MEHE

HOMepa KAHATOE (aMIUTHTYIE! CHIHATOE, 3HeprHd E,). a 0 OCH OPIHHAT — THCIO HAKOI-

JIeHHBIX B KaHATAX HMIYIscoB (pHc. 3.1). B gampHeHmeM 3Ta THCTOrPAMMA ANMTPOKCHMH-

PYeTCH INTABHOH KPHBOH ¢ HCMOMBIOBAHHEM TOH HIH HHOH MAaTeMAaTHUeCKOH MOISTH, HA-

npeEMep, pyaiusH [aycca.

J1% Toro wTo0E COOTHECTH HOMEpA EAHATOE IHATCHHAM 3HEPIHH Y-EBAHTOE, IPOBOIAT
KATHOPOBKY cOeKTpoMeTpa o 3Heprad. C 3ToH Heasi HaDHPAT CHEKTPEl HECKOIBEHX
CTAHJAPTHELIX HCTOTHHKOE H B KAEIOM CIEKIpPE ONpeJeNdiT HOMEepa KaHATOB, OTBEYalo-
IIHe HEHTpaM IMHECB MOJHOTO [MOTTIOMEHHA. JTHM EKaHATAM OPHCBAHEANT COOTBETICTBYIO-
ITHe TAOMHYHEIE 3Ha9eHHA E, (W Ey) H IPOBOJAT THHEHHYIO aNIPOKCHMAITHIO 3aBHCHMO-
CTH 3HEPTHH OT HOMEPA KAHATA CIIEKTPOMETPA JI-

E,=a+bn (3.3).

BazmoH XapaKTepHCTHEOH JeTeKTOPOE, IPHMeHAeMEIX LI CHeKTPOMEeTPHHE HTVIeHHH,
ABMAETCH HX OTHOCHTEIBHOE SHePTeTEIecK0e (AMILIATVIHOS) paipelleHEne - OTHOIIEHHS
ITHPHHE QOTONHEA HAa ero moayesicote (JF) K 3neprun kBaHTa E,, COOTBETCTBYIOMIEH 3TO-
My mHEY. Yem MeHBINe 3HaueHHe FVE, TeM Jydme pazpelleHH JHHHH AlIAPAaTYPHOID
coekrpa (cu. prc. 3.1).

Ulnprra muka 77 oTpakaeT GIVETVAUHI0 aMIUIHTVI CHIHATOB HAa BRIXOZJE OETEKTOpa.
0DYCIIORIEHHEYEID, TTIABHEIM 00paz0M, CTATHCTHHEECKHM pazdpocoM 9HCIIA HOCHTeIeH 3apana
(11g). Hem Oomsme oOpasyeTca HOCHTeTel 3apaaa. TeM MeHemre (mo 3akoHy ITyaccoHa) oT-
HOCHTEIEHOE CpeIHEKBAIPATHIHOe oTKIcHeHHe 0=1/(n,)" H myume amMmiETYZHOE pazpe-

CropocTe cyeTa, wwnfc
=
=
1

KOMITOHOBRC KW
KOHTHHYYM

0 1000

Puc. 3.1. CnexTprl *Co. NOMTyIeHHEIE ¢ IOMOIIEID
norynpoeoguukceoro (HPGe)
cUEHTHUIAUHOHHOrO (Nal) meTekTopoB
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mesne. CTATHCTHIECKHE KONeDaHHR AMIUTHTYY BREIXOTHOTO HMIIVIBCA CIHHTHUIAITHOHHO
ro JeTekTopa 0DVCIoRIeHE ETYaHIMH BecEMa HeOOIEIIOTo THCIA 3MEKTPOHOE, BRIOH:
THIX ¢ (OTOKATOJA H NPHXOIAIIHX HA NepBii auHOm 3V, a NOTVIPOBOJHHKOBOTO -
OOIBIIOTD 9HCIA AP IMEKTPOH-BakaHcHA. HanmpHuMep, IpH DOIVIOIMNEHHH B EpHCTALIe MNal
IHEPTHH Er=|50[} K38 Ha nepBRH IHHOO monagaeT MeHee 200 3MeKkTpoHOEB. 9T0 JaeT ~7H
pazbpoc B BeTHYIHHE BEIXOTHOTO HMITYIRCA. [[PH DOTTOIMeHHH V-KBAHTA TAKOH Ee IHeprH
B KPHCTALIE TepMaHHA obpazyverca — 200000 mHocHTenedl 3apAga, WI0 B KOHETHOM CHETE
[PEJONPEIeIgeT IHATHTENEHO TVUIIee OTHOCHTENRHOE IHEPreTHUeCHOe paipelleHHe Mo
MVIIPOBOIHHEKOBRIX meTekTopos (F/E~0.003+0,009 8 muanazone 1000=100 x2B) mo cpas
HEHHIO CO COHETHIIAMHOHHEEME (0,06+0,1).

I[L1omanhk OHEKAa DOTHOTO HOTI0MEHHA 3HEPIHE raMMa-KBaHTa.

B cnekTpe HccleIyeMOTo HCTOHYHHEAR ONpelelfioT ModokeHHe (3Heprmio E, ;) dorto
[MHKOE H HX IUIOINATE (HHTEHCHBHOCTE) - OOIIEE THCIO HMITVILECOE, 0OVCIOBNEHHEIX NIPO-
IeccoM MOMHOTO NOTIOMIEHHA YHEPTHH Y-KBaHTa E, ; H HAKOIVICHHEIX B eJHHHITY BPEMEHH I
KAHATAX CHEKTPOMETPA, COOTBETCTEVIOMHE STHM MHEAM. CIEeKTpEl HYREDLIOE COTEPEAT
KaK IpaBHI0, HeckonskKo NHEOE III3 B cooTBeTCT
EVIOITHE 3THM ITHEAM KOMITOHOBCEHE KOHTHHYYMEI
a Tarxe QOHOBYIO COCTARMAKMYVEO. [losToMy doTo
[IHE HaXOOHTCA Ha «TBeJecTaney», cHopMHEpPOBAHHOM
HMITYTIBCAME, B OCHOBHOM, KOMITTOHOBCEKHX 3TEKTPO-
HOE, a Tarxe domHa (e prc. 3.1 m puc. 3.2). Ims
OIpeIelsHHA HCTHHHOH ILTomatH mHEa I3 Heod
XOOUMO BEMECTE H3I O0MEro THCTA HMITVILCOE, Ha
KOIUIEHHEIX HA PacCMATPHBAaEMOM VIACTEE CIEKTp:
(I+5). Ty HX HacTh, KOTOpaf 00pazyeT «IIBEJECTAD
(Iz). CoBpeMeHHEI® CHOEKTPOMETPEI HMEIOT OpPo
IpaMMHOE oDecledeHHe, IIO3EQ/IANOINEs HAHTH Ipa
HHOE! MHECE 11113 H pacCcuHTATE HX HHTEHCHEHOCTE
Buecte © TeM, BO MHOTHX COy9afx MOMET OBITE IO

k m k 7Ie3HA IpeIBapHTEIbHAS BHIVATLHAS OLCHEA HCTHHOE

- = IWIOIMATH MHEA [1[[3, peroMeHI0BAHHAT, HAIPHMEp

Pac. 3.2. Onpegerenne mromaze B Padote [5] (puc. 3.2). IIycts [, - CKOPOCTE CHETA §

mHEa III13 [4]:_ NOACHEeHHT E OOHOM H3I il KAHATOBR HEMOCPEOCTBEHHO MOT ITHEOM

TEKCTE Iy B I — CEOPOCTH cYeTa B OJHOM H3 k KaHATOB clle

Ba H CIpaBa OT NHEA, COOTBETCTBEHHO. [Ipeanomara

£TCHA, ITO paclpelJelicHHe HMITVIBCOE IIBEIeCTaTar

HE COJEPEHT KAKHX-THOO MaECHMYMOEB, 3AMacKHPOBAHHEIX (OTONMHEOM. TOTIa HCTHHHAS
IUTOmAns MHEA (I;) OyaeT paBHA:

" . k k
ff = [ Ip _%f [ I.L._-+ [ I.'-_,-)I (34)
el = Jm] =l

JTHTeTEHOCTE HADOpAa COEKTPOE ONpelelIAeTcd TpedveMoH BelHUYHHOH THCOEPCHH HI
MepdeMoil ITomanH meka [T13 (L_I']I_f = Ie+lp[(m/2k)+1]). BpeMa oTAeIBEHOTO H3MEpEHH:
MOKHO PACCUHTATE II0 ypaBHeHHI0 (1.36), 3aMeHHME, COOTBETCTEEHHO, CKOPOCTH CHET:
npenapara (/) 1 ¢ona (I;) Ha obmryro mwnomane muka ([;.;=/;11;) H IIOmMaE «IBEECTA
Ay mom mHEoM (1)
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3.1.4. 3dpexTHEHOCTE PETHCTPAIHH TAMMA-EBAHTOE II0 [IHKY IIOAHOTO
IOTACILIEHHA H OllpelescHHe aOCOAKTHOH AKTHEHOCTH PAIHOHYEAHIA

HcreHaAa" CEOPOCTE C9eTa J, perHcTpHPYEeMad JeTEETOPOM 000D THIA, H a0COoM0THAS
AKTHEHOCTE 4 HVEMHIA CO CIOEHOH cXeMOH paclama CBA3AHE] cOOTHOMmeHHeM (2.2). Jng
MPAKTHYIeCKOH Y-COeKTPOMETPHH HAHOOMBIMHE HHTepeC MpPeICcTARTAST THCIIO 3aperHCTPH-
POBaHHEIX HMITYJILCOB. 0OYCIOBIEHHEX IIOMHBIM [IOTTIOMEHHEM 3HEPrHH E. ;. HIH HCTHH-
Ha# IUIOIATE ¢ ; THKA MOTHOTO TIOTTIONIEHHT SHEPTHH 3TOT0 KBAHTA:

Ii=@i-oiAd=pi-g- A (3.5).
rae @; — koadQHIHEHT perHcTpalHH KBaHTOR Ky (ca paszen 2.1); @i - Jond kBaHToR £y, 3HEprHA
KOTOPEIX IIOHOCTRI) MOTTIOMERA B KPHCTALTE AeTeKTOpa; i - BBIXOJ KBaHTOB E,; Ha pacmaz (mo-
OpABKA HA CXeMY Pacmaga); £q; — 3¢ ekTHEHOCTE PEeTHCTPAIHH (10 MHEY IOMHOTO MOTTIOMeHH)
KBaHTOE E,; B VCIOBHAX IAHHOTO H3MepeHHT, [;; — miomane meEa [I13 B av/c; 4 — aKTHBHOCTE
HCTOTHHEA B BE.

Taxmy obpazon, 3thdekTHEHOCTE PErHCTPALIHH Y—KBAHTOE (10 MHKY IIOIHOI'C MOTJIOMIE-
HHf) £7; — OTHOIIEHHE THCIA 3aPETHCTPHPOBAHHEIX AeTEKTOPOM KBAHTOB. SHEPIHA KOTOPEIX
E,; NOMHOCTBE) IOTTIOMIEHA B KPHCTALIE, K 00INEMY YHCITY KBAHTOB JAHHOH SHEPTHH. HC-
MVCEASMEIX HCTOUHHEOM B eqHHHy BpeMerH. Hemomszyva (3.5) ®(2.2). MOBHO 2aMHCATE

;= Uyi/ Pi-A)= E{P]!mr P = wlgrkySigi]-o; (3.6).
TOe 1 — TeOMEeTPHIECKHH Ko3(QHIHeRT g; — 3bdekTHEHOCTE JeTeKTopa, &; — Ko3ddHIHeRT
OCTa0NeHHd. 5; — Ko3QHIHeRT caMoocTaldIeHud, §; — Ko QHEIHEHT oOpaTHOIO pacce -
OCTANMEHEIE 000IHATCHNA IPHBSIEHE B (3.3).

StdeKTHEHOCTE £;; 3ABHCHT OT 3HEPIHH Y—KBAHTOE, B3AHMHOTO DACTIONIOXEHHS HC-
TOYHHEA H ZeTEKTOPA, COCTABRA H PAIMEPOB EPHCTAIA JETEETOPA, TOMITHHE] HIMEPAEMOTo
MpenapaTta H HEKOTOPHIX APYTHX ¢akTopoe. O€UeBHIHO, 9T0 PACCYHTATE 3HAUEHHE £,
caoEHo. [TosToMy I14 onpedeTeHHA abCTOTHOH AKTHEBHOCTH A, HCCISIyeMOT0 Ipenapara
OOBIMHO HCIOMB3IVEOT “METON OTHOCHTENBHBEIX H3MepeHHE» (ca. pazmen 2.1). Hampemep,
ECTH HCCHEOVeMBIH HCTOUHHE H CTAHTADPTHEI o0pazen (3TanoH). comepHaHE TOT e
HYEJIHT H3BECTHOH AKTHEHOCTH Ay, HIMEPAIOT B CTPOTO TOAISCTEEHHEX VCIOBHAX, TO HC-
KOMAdA aKTHBHOCTE, cormacHo (2.6) 1 (3.5), 6yaeT paBHa:

A=/ Ipm) Am (3.7)

Kanafpopka coekTpoMeTpa Oo 3 (e KTHEHOCTH.

EcaH HET NODXONAIHK 3TATOHOB VIENBHOH AKTHEHOCTH, TO 3QdeKTHEHOCTE perHcTpa-
ITHH Y-KBAHTOBE HIy4aeMoro o0pas3na (g;,) ONpeJearoT Mo KATHOPOBOTHOH 3aBHCHMOCTH £f
OT 3HeprHH E, 118 23JaHHEIX VCIoBHE HiMepeHHS (pHc. 3.3). Jln8 KaTHODOBKH CIEKTpO-
MeTpa HAaOHPAKT COSKTPE HECKOMBEHX 3TATOHHEIX HCTOYHHKOE H3IBECTHOH AKTHBHOCTH,

" KosdduomesTsl 1), &, £, 5, g paccMaTpHBAOTCA B pazaene 2.1. B wacTHOCTH, 3ddeKTHEROCTE
OeTeKTopa £ ONpeJenderTcd 3HAUeHHeM KoaddHmHeHTa ocmabmenna |. Hanpmuwmep, mns -
EamygeHns = Cs (E=662 x2B) & Nal xoaddmmment 1 = 0.277 oM B ¢ aTOMaMH KpHCTATA TOI-
MHHOH (=3 oM EB3aHMOZeHCTEVET ~ 50% DODABIIHX B JeTeKTOP KBaHTOB. = = (Np=ViWMNg
=(1-e%*"")=0,564. [TpH perHCTPAIHH MATKHX KBAHTOB (£y=100 x3B) 3¢ dexTHREOCTE TaKoTO Je-
TekTopa npHOmDEaeTea K 100%.

oy
") B gammoum cmyuae xoshdHIHERT ¢; =1, TK. BepOATHOCTE VIOPYTOTo (fe3 HIMEHEHHA 3HEPTHI)
paccedHHA Y-KEAHTOE NPeHeOPeEEMO MATA.
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HITYIADITHY Y-KBAHTE] B IMHPOKOM JHEPreTHUecKOM THAINAZ0He, BEIMHC/IAIOT HCTHHHVID
IUIOMATE COOTBETCTEYVIOMHEX HM MHEOE [1I13 H. Hemomeaya (3.6). - 3HATEHHA £; 14 KAKIOH
sHeprel. IlocTpoeHHAd 3aBHCHMOCTD TIO3BONIAET ONPENETHTE &5y H. CIEA0BATENEHO. HCKO-
MVH AKTHEHOCTE

AT o [peesa] (3.8)

HiMepeHHs HoCIeTYeMEX H 3TATOHHEIX 00pA3INOE OIPOBOIAT B OTHHAKOBEIX YCIOBHAX. CO-

1 o 0/EFOgAd MOCTOAHCTBO IeoMeTpHYe-
CEOTO Ko3pdHIOHEHTa 1) H HCIONEB-
3ya GaHIKHE Mo GopMe, COCTARY H
IUTOTHOCTH Npenapatsl. Hanmpinep,
KamHOpPOBEY 1m0 3 QeKTHEHOCTH
IIA TOUEYHBEIX HCTOTHHKCOB MOZEHO
0,01 4 NPOBECTH IO CHEKTPAM 0DPAIOBEIN
CTAHTAPTHEIX raMua—
CIIEKTPOMETPHISCKHX HCTOUHHECE
(OCIT'H). 19 KamHOpPOBEH HCIIONE-
IVIOT TAEOKE IPENapaThl, CoTepia-
IDHE HIBECTHOE KOMHIECTBO MpPH-
POOHOTO TOPHA B pPABHOBECHH C
OpOTVETAMH pacnana. Hx crnekTpr
COOepiEaT OedslH pal HHTeHCHBHEIX
Puc. 33 THmmas 3aBHCEMOCTE 3QQEETHBHOCTH  mmkor (cm. Tabn 3.1). akTHEHOCTH
PeTHCTpalHH y-KBaHTOB (To muyy IIT3) or mx JOYEPHHX HYEIHIOE B TAKHX TIpe-
SHEPTHE. NAPaTaX PABHEI HIBECTHOH AKTHB-

HOCTH MATEPHHCEKHX.

“Hjpes TR T

0,001 - . - - -
20 10 200 Sik 10 200p
Ouepran, k0l

Vaer doHa.

TaspMa-CekTp H3MEPASMOTo NPEIapaTa BCETOA CONEPEMT (HOHOBVIO COCTABIAIONIVIO,
00VCIOBIEHHYIO HITyIeHHEM IPOIVETOE PACclada PagoHa, KOTOPEIe IPHCYTICTEYIOT B aTMO-
cthepe, a TakHe PATHOHVETHIOB, EXOJAINHX B KOHCTPYEITHOHHBIE H CTPOHTETBHEIE MATe-
PHATEL, KOCMHIeCKHM HITyIeHHEM, JOAKHBIMHE HMIOVIsCaMH (cu. crp. 6). Ecim gona domo-
BEIX HMIIVIIECOE B CHEKTpE NpeNapala HEBEIHKAa, TO HCTHHHYH INomaze OHeoe [III3
OOBITHO ONPEeIeIfloT B NPEeINOI0KEHHH JOCTATOYHO PAaBHOMEPHOIC paclpeleleHHA HM-
IYIBCOB «IBEIECTATAY, KOTOPHIH K TOMY M€ JHINE JacTHIHO chopmupoeal dhoHoM DoHo-
BafA KOMIIOHEHTA B CIIEKTPax NpPeNapaToB HHKOH aKTHEHOCTH TPeDYVeT DolIee TINATeIEHOTD
y4eTa, TaK KaK OHa ECeTJa COOEpPEHT «CEOH» MAKCHMYMEL B SacTHOCTH, IHEH [IIT3 HITy-
TeHHA PATHOHVEIHIOB €CTECTECHHEIX PATHOAKTHEHEIX CeMeHCTE VPaHA-pagHi H TOPHA, a
TaloKe MHEH K, aHHHTHIAHOHHBIX KBAHTOB H APYTHE. TH (JOHOBEIE MAKCHMYMEI H HEKO-
Topele MHEH ITII3 B cuekTpax oOBEKTOB HCCIEAOBAHHA MOTVT 9acTHIHO HIH NOIHOCTBIO
NepeKpEEATECA. B 3TOM CciIydae B pacdeThl AKTHEHOCTH HEOOXOIHMO BHECTH JOIOIHHTETE-
HYIO IOMPABEY Ha ILIOMATE QOHOBOro dOTOMHEE:

I —
POl
PEYf
rie 4 — aKTHBHOCTE PATHOHYKIHTA. [; - II0MAlE (33 BEMMETOM «IBEJeCTATaY) MHKA IIOIHOTO Mo
[IOIEHEHA 3HEPIHHE F, B COekTpe mpenapata, [y - Ilomans mHka [IT3 Ha y9acTee coexTpa doHa
COOTBETCTEVEIIIETO SHEPTHH ..

(3.9).
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Cnextp doHa HabHPaIOT, KaK NPABHI0, HENOCPEICTECHHO IEpe] IPOBEIcHHEM H3Mepe-
HHH IpenapaTta H 0082aTelbHO B TeX JKe VCIOBHAN, 9T0 H CIEKTP Npenapara. B 9acTHOCTH,
1A TOTO 9TOOH YIECTh NOMIOMEHHE (POHOBOTO HITYIECHHA B H3VIaeMoM oOpasle, claeayer
Pa3MECTHTE Ha JeTeKTOpPe MVIIUE — 00pa3ell Takoil &e Macchl H TeOMETPHH, HO HE cOmep-
FAMHEA HIMEPASMEIX PATHOHYEKIHIOE (X0M0CTOH OIEIT).

[TporpamuOe obecnedeHHe COBPEMEHHBIX CIEKTPOMETPOB MO3BOMAET VIeCTh IOMyIeH-
HEI CTIEKTp OHA [IPH PacdeTe NONOAEHH H HHTEHCHBHOCTH THKOB CIIEKTPa HCCIeTyeMo-
IO IIpenapara.

3.1.5. HoeaTud HEAITHA paIHOHYEAHIOE

HuenTHQHEAINE HYKTHIOE BEIOYAST B ce08  CIIEIYIOIIHE 3TallkL:

1) KaTHOpOBKA COSKTPOMETPa IO 3HepruH, 2) Hafop chOekTpa O0OBEKTA HCCISTOBAHHA,
HaeHTHHEAHS MHEOE [I[13 H onpeleneHHs HX IUTOIIATH, 3) KATHOPOBEA CIEKTPOMETpA
no 3thdexTHEHOCTH, 4) Habop coekTpa $oHA, 5) pacdeT aKTHEHOCTH PATHOHYETHIOE. Ilo-
PANOK BEINOIHEHHA omepauHi 2)-4) ompefendeTcd VOIOBHAMH IPOBEIECHHA KOHKDETHOTO
IECTIEPHMEHTA.

B cnexTpe HCoooeIyeMoro MOPelapaTa BRIJCIANT MAKCHMYMEL H. HCOOIB3YE KaTHOpPO-
BOYHVIO 33aBHCHMOCTE (3.3), ONpeIenfioT 3HEPrHI KEAaHTOE, COOTBETCTEVIOIIVEO ITOIOME-
HHI0 IEHTPOE 3THX NHEOE. CpPaBHHBAKOT NOTVIEHHEIE Pe3VIBTATEL CO CIPABOYHEIMH JTaH-
HEIMH H OTMEYal0T MAKCHMYMEIL, KOTOPEIE MOTYT OBITE OTHECEHEI K [THEAM MOMHOTO [OTIOo-
IMeHHA JHSPTHH V-KBAHTOE NPEIIIATACMED HYEIHIOE.

BoMBIIMHCTEA HYEIHIOE ¢ BEPOATHOCTBI0 P; HCIVCEART KBAHTEL PAIHTHOH 3HEPIHH
E.,; (cM., HanpEMep, Tadn. 3.1 B 1abn. I1.1) H HX CIEKTPH COOEP&AT HECKOMBKO IHEOE IIOT-
HOTO MOTTIOIIEHHA 3HeprHy. 1% HalesHoH HIeHTHOHEAITHH HYLTHIA HeTaTelbHO COMOC-
TABHTE C TADMHYHEIME JAHHEIMH He TONBKOQ 3HEPIHEI), HO H OTHONICHHH 3HAYMEHHH p; A
PAcCMATPHEASMEIX KBAaHTOR. C 3ToH NeIn:0 ONpelelfioT ILTOINATH BEIMETeHHEIX IIHEOE
(I;; = Apye;;) B TOCTE KATHOPOBKH CIEKTPOMETPa 10 3¢(eKTHBHOCTH (14 3a1aHHEIX yC-
JIOBHI HIMEPEHHA), HAXOIOAT OTHOMEHHE BEPOATHOCTEH HCIYCKAHHA P; COOTEETCTEVIOMEX
Y-KBaHTOE. B CIOEHOM COEKTpPEe HCTOTHHEA, COTEPEANETO HECKOMBEO HYEIHIOB, VIASTCH
HaJe#HO ONPeNelHTh NOIOEEHHE H IUIOMANb. KaK [IPABHIO. TOIBKC JOCTATOTHC HHICH-
CHBHBIX MHKOB. [[19 HICHTH(OHEAHH HEHIBECTHOTO PATHOHVETHIA HEOOXO0MHMO, ITOORL C
JHTEPATYPHEIMH JAHHEIMH COBIIATH IapaMeTp (;, E, ;) OCHOBHEIX IHHHE aNNapaTypHOTO
y—CIIeKTpa (OOEIMHO MHHHI, COOTBETCTEVIOMEX p; = 5+10%). [lo miomams 3THX Hanbomee
HHTEHCHBHED THKOE PACCIHTEIBAKT A0COMIOTHVI) AKTHEHOCTE HYEITHIA.

B page cayvaaes gns HOeHTHQHKAIHE HCIONB3YIOT TAKKE IIEPHO MOMYPaclaga, Paccd-
TAHHEIA [0 H3IMEHEHHIO IUIOINATH COOTEETCTBVIOIIETO MHEA OT BpeMeHH EcmH mpemapat
COTEPAMT HYRIHIEL. HMEWMHe CYINECTBEHHO Pa3fHHHEIE OEPHOIE! MOTYPachaja, TO o
EpeMeHeM JODKHO HaOMIOIATECH MPOTHOSHPYEMOE H3IMEHEHHE (POPMEI AMIUTHTVIHOTO Pac-
[peJeneHHd, A HMEHHO — 3AMeTHOE VMEHBEINEHHE HHTEHCHEHOCTH ITHKOE., OTHOCHITHXCH K
KODOTEORHEYIITHM HYETHIAM.
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3.2. OnpeneaceHHe aDCOANTHREIX AKTHEHOCTEH PAOIHOHVEAHIOB B
npenaparax NHOKCHOA 00edHeHHOTO ypaHa

Ileas paboTnl

[IpakTHYeCcKOe O3HAKOMISHHS ¢ ANNApaTypolH I raMMa-cIekTPOMeTPHUeCKoTo AHATHIA,
KOIHIeCTECHHOE ONpeleeHHe {-HATYIAKIIHE PATHOHVEIHIOE B 00BEMHEIX 00paiax.
OGopyaoBaHHE H DpeNaparksl

[anma-COEKTPOMETP C NOMYIPOBOAHHKOBEIM HIIH CIHHTH/UIAITHOHHEIM JeTEKTOPOM; Hadop
HeToaHEECE OCTH: npenapar “2ThO.. HCCIeTyeMBIE IPEIapaTsl JHOKCHIA YpaHa.
Brimo1EeEme padoTR

1. KanubpoBKA TaMMAa-CIIEKTPOMEeTpA 10 SHeprHH

[IpOBOIAT MOCIEIOBATETEHEE HIMEPEHHA CTAHIAPTHEX mpemapatoE OCTH (*'Am. “Na,
¥cs, ®co m mp.) Ha paccTosHmEH 10-15 cM OT JeTekTopa MPONOTAHTEIRHOCTEI mo 2-3
MHH. 3alHCEBAOT HOMepa KaHATOR, OTEedatonTHe HeHTpaM MHEOR [11I3 B KamEmoM cnekTpe
H COOTBETCTBYIOIIHE HM 3HadeHHA E, KOTophle yKazaHEI B macmopTe Komiuiekta OCTH.
OnpegenaroT ko3 QHIHEHTE THHSHHOTO ypasHer:as (3.3).

2. KanufpoBEa raMMa-CIeETpoMeTpa o »hdeKTHEHOCTH )

2.1. ITpoeoaar E TedcHHE ~ 30 MHH. H3MepeHHe CTAHIApPTHOTO IpelapaTa *2ThO,. Beuge-
IAE0T Bee MHEH [1[13 B COeKTpe NpelapaTa H, HCNONL3VE JaHHEE Tadm 3.1, HoenTadHmm-
pyeoT Hx (oM. pasmen 3.1.5).

Taonuma 3.1
Hamdonee HETEECHEHEIE PEHITEHOECKHE H y-THHHH PaTHOEVEIHIOE PAIA BiTh
E.xB | p.% | mvemin | BB | po% | myemn | B 2B | p. % | EyveHD

72.8¢ | 2.02 T 2386 | 433 Tpp 5832 | 845 =T
748* | 104 Tpp 241 3.00 PRa 7273 | 658 | “UBi
75% 341 T 2702 | 343 Tac 7040 | 434 | Ac
77.1* | 175 ““Pp 2774 | 631 T 8606 | 1242 | TI
87.3* | 7.80 “Epp 3001 | 3.28 pp 0112 | 266 | “SAc
00* 1.04 Tac 328 2.05 e 0648 | 5.11 | SAc
03 4 3.20 Tac 3383 | 113 e 060 162 | “FAc
1201 | 245 Tac 463 344 Tac 15882 | 327 | "FAc
2003 | 388 “FAc 5108 | 226 T 26145 | 0016 | °T1

* - RAPAETEPHCTHICCKOE PCHITCHOBCKOE HITYICHHS

2.2, Henoms3zys nporpamyy o0paboTEH CHOEKTPOB. ONPENeIfT HCTHHHYH IIOMAme Jp;
(mvm/c) kammoro maxa I3, PaccunteBaroT. cormacHo (3.6). addextHBHOCTS perucTpa-
[IHH COOTBETCTBYIOIIHX KBAHTOB £5;~(IysPi-A), rae 4 — H3BecTHAA aDCOMIOTHAA AKTHBHOCTE
npemnapata - ThO- (BE). p; — BEX0J KBAHTOB Ha paciaz (tadm. 3.1)
Tadmuma 3.2
PeavasTaTel 00pabOTEH CIEKTPA 23]'['h(}l';
e KaHAL R E; =B HYEJIHT i % | i, HMIT ¢ i

1
2

2.3 Henonesya oamy H3 nporpam (Microsoft Excel, Origin u T.01), cTpoaT rpadHE 3aBH-
CHMOCTH 3()eKTHEHOCTH DETHCTPAIHH £; OT 3HeprHH KBaHTOB E (oM. puc. 3.3). JleBag 1
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IpaBad BeTBH 3TOH 3aBHCHMOCTH AIMIPOKCHMHPYETCH PAasIHYHEIMH [IOMHHOMAMH B JIOTA-
PHOMHETECKOM MacIITade: ] ]

Ing=a+blnE+cinE +dnE+ . (3.10)
3. HoeHTHHEAITHA AHHHE CIeKTpa IpelapaTa JHOKCHAA ypaHa
[Tomy9aroT COEKTP Ipelapara JHOKCHIA 00SNHEHHOro ypaHa ([IpOSO/DEHTENBHOCTE HIME-
perna 10<15 vMuayT). BRIISIAHOT MaKCHMYMEL ONPEIeIAOT UIOMATE (33 BEMETOM «IIBE-
JecTamta») KEAEIOTO BELIETEHHOTO MHEA [;; IIPOBOZAT HOSHTH(HKAHIO NMHKOE NOTHOTO
NOTTIOMIEHHA 3HEPIHH, HCIONB3VA KATHOPOBKY CIEKTPOMETPAa IO 3HeprHH (3.3) H JaHHEIE
m3 Tadm 3.3 (o pazmen 3.1.5). PeayInTATEI 2aH0CAT B Tabm. 3.4,

Taomuma 3.3
Haubonee HHTeHCHBHEIE PEHITEHOECKHE H V-MTHHHHE HYKIHIOE pAIa o0 Sl V)
E.x3B | p;,% | eveomig | EL k2B | pr. % | BEymyg | B k3B | pp, % | BvEHD
024 2.8 “Th 800 | 336 =y 1437 | 1096 | U
02 8 28 “Th 033 5.81 =y 1633 | 508 | U
10013 [ 084 | “™Pa 105 2,69 2y 1857 | 572 | U
Taomuma 3.4
Pe3yIRTaTel oDpadoTEH CIOEKTpPa JHOKCHIA 0DeTHEHHOIO VpaHa
Ne KaHal, n | E. k3B HVEIH] I, avmlc
1
2

4. Hafop criexrpa choma
Cnextp doHa HabHpaeTcd B TedeHHe 12-24 4acoB HEMOCPEOCTBEHHO Mepe] BRIMOTHEHHEM
3agaqn. CTYISHTH NOMYIAKT MACCHE JAHHEIX H 00pa0aTEIEaT coekTp doHa. Pe3visTaTsl
onpefeNeHHA IUIOIMATH QOTOMHEOE B clekTpe doHA ([p;) 2aHocAT B Tabmmmy 3.5. aHAmO-
THYHEYIO TA0. 3 4 (623 yKazaHHa pagHOHVETHIA).
5. PacueT aKTHEHOCTH H H30TONHOIC COOTHOIIeHHS 2331J /2351
5.1. Hemone3ya gaHHEIE TaOm. 3.4 H 1aba 3.5, ompegenraioT mwiomads nukob [II12 coexTpa
IPEnapaTa VPaHA 3a BEMMETOM IUIOMATH (DOTONHEOE HA COOTBETCTEVIOMEM VIACTEE CIEK-
Tpa doHa: I; = (Jri—I:).
5.2. Hcnome3ys NOTyMEeHHVEO 3aEHCHMOCTE £¢ 0T E (3.10), onpegenaior kosddHIesTH pe-
THCTPAIHH £7; [UT9 KBAaHTOR E; HCIOYCKAeMEIX NIPENapaToM VpaHa. Bemucnmor (mo kasmol
JTHHEHH CHEKTpa), cormacHo (3.9), H 3anHcmEaT B Tadn 3.6 abcomOTHYIO aKTHBHOCTE 4;
PATHOHVETHIOE.

Tadmuma 3.6

ADComOTHAY aKTHBHOCTE PATHOHYEIHIOE B NIPeNapaTe THOKCHIA 008 HEHHOTO YpaHa

MNa E. x3B PagpoHvEmn | p. %o ¢ Upi— 1), mm/c A;, bx

]

- . 235 23
5.3. Ha OCHOBAHHH MOMYIEHHEIX 3HATCHHH AKTHEHOCTH — U H — Th PacCHMHTHBAIOT H30-
F15+ - I - r
TONHOE COOTHOmMeHHe — U H —°U B IpenapaTe. HCHOTbIVA OCHOEHOH 33KOH PATHOAKTHE-
-1 - ~43
Horo pacmazga (“Th - goeprmit Bykmz = -U).
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PABOTA 4. JOSHUMETPHY HMOHHMSHPYIOIIEID H3AVUEHHA

4.1. PamHanHoHHaA 0Oe30IacHOCTE H OCHOBHEBIE IIOHATHE JO3HMETPHH

XapakTep BaHMOTeHCTEHA HOHHIHPVIOIIETO HITYHEHHS C BEIMIeCTBOM 3ABHCHT OT €TI0
BHI3, 3HEPrHH 9acTHO ((OTOHOE), a TAKKE OT CBOHCTE NOIVIOLIAMONIETO MaTepHana.  H3-
JIyIEHHE, COCTOAINEE H3 3apAHCHHBIX TacTHI. ABMAETCA HENOCPEACTBEHHO HOHHIHDVED-
meEM. Ampda-9acTHIE PAcKOOyIOT MPAKTHIECKH BCH KHHETHYECKVEQ 3HEPrHIO [IPH HEVII-
PYTHX CTOJKHOBEHHA ¢ WIEKTPOHAMHE Cpegbl. IPHEOIIINHE K HOHH3AHH H/HIH BO30YVAIe-
HHI) aTOMOE H MOIeKYI. B caydae B-4acTHII peanHIvIoTCAd IBA MEeXaHH3IMA IOTeph 3HEep-
rHH: 1) HeVIIpyToe B3aHMOJeHCTEHe (HOHHIAIHOHHEIE MOTepH). 2) mpeodpaioBaHHe TacTH
KHHETHIECKOH JHEPTHH B 3MEKTPOMATHHTHOE TOPMO3HOE H3IVIeHHE (paTHAIlHOHHEIE [IOTE-
pH). Cpeanas 3HEPrHA COEKTPOE [3-9aCTHI MOJABIAHMIET0 THCIA PATHOHYEIHIOE MEHBIIE
1 M3B. JInd TarMx 9acTHI pagHAIHOHHEIE TOTEPH He NpeBeImarT 10% B moOBX cpelax. a
IPH NOTIOMIEHHH B IEKHX MATEPHATAX (BO3IVX, OHONIOTHYECKAd TEAHE H T.II) - IpeHed-
PEEHNMO MATEI (HaIpHMeEp, B BoJe - MeHee 0.5 %5).

MexaHH3MEl DepeIadH 3HEPTHH PEHITEHOBCKOID HIH |—HATYIeHHA BeIIeCTBY JOCTATOY-
HO mogpodHO paccMOTPeHEl Beime (o pasmen 3.1). Uncao aToMOB, HOHHIHPOBAHHBIX He-
NOCPeICTBEHHO B PE3VIRTATe TPEeX NepBHYHEIX MPOLIECCOB, OTHOCHTEIRHO HeBelHEo. Ho-
HH3HPYIOMee JeAcCTEHE $OTOHHOTO HIMyYeHHA 00YCI0BIEHO, TTABHEIM 00Opa3oM, HEVIIPY-
THMH B3aHMOJeHCTEHAMH (OTO-, KOMITOHOECKHX H 3I€KTPOHOB (IIOZHTPOHOE) IIap C aTo-
MAMH 00IVIAeMOT0 MATepHATA. [To3ToMY 0HO HAIBIBAETCE KOCBEHHO HOHHIHPVEOITTHM.

BuonorEdeckoe JeHCTBHE HTVHIEHHY ONpeledeTcd Nepegadel IHepruH 9acTHL (do-
TOHOB) MOMEKyIaM KISTOK TKAHH H KPOBH. Pa3pVINEHHEM HACTH HOHHIHPOBAHHEIX HIH
BOZ0VAISHHED MOIEKYT H MOABIEHHEM XHMHYECKH AKTHBHEIX PaTHEATOB. Ilpomecck c
VHaCTHEM MOCIETHHX MPHBOIAT K QVHKIHOHATEHEIM HIMEHEHHAM B KISTKAX H ONpPeIend-
FOT, TAaFkHM 00pazoM, HeOIArONpHATHEIE OHOIOTHUECKHE IOCIEICTERA 00TV IcHHR.

JtoGol =IenoBek NOCTOAHHO NOJBEpraeTed BOOeHCTEHI0 KOCMHYECKOTrD HIIVIeHHA, H3-
TIYIEHHA CTECTBEHHEIX PATHOAKTHEHEN HIOTONOR, HAXOIAIMHYECA B TEAHAX OPTAHHIMA H B
okpy&aromed cpege. [TormomeHHAR IPH 3TOM 3HEPrHA (J03a) Mala H COCTABIgeT QOHOBEIH
VPOBEHE, K KOTOPOMY OPTAHHIM ATANITHPOBANCH 33 EpeMA 3BoMONHH. [ToaToMy modad pa-
DoTa ¢ HCTOYHHEAMH HOHHIHPVIONHY HITYIeHHH, B TOM THCIE C PATHOHYVETHIAME, TOJIEK-
HA ORITE OPraHH30EAHA TAK, 9TO0E] CHHIHTE OOIVIEHHE 10 BOIMOKHO HHIKOTO VPOBHA, He-
JIaTeNEHO OMH3KOre K (poHOBOMY. B 00meM CIyiae OONMyCTHMEIR (De30MmacHBIH) YPOEEHB
BO3MeHCTEHA HA Y&I0BEKA HOHHIHPVIOMErD HITVIeHHA, HCKYCCTRBEHHOTO HIH IpHPOIHOTO
NPOHCKOEISHHE, HeCTEO VCTAHABMHEAeTCA «HopMaMH paIHamHOHHOH Oe3omacHoOCTH:. B
HACTOAIIEe BpeMA JeHCTEVET JOKYMEHT, vieepagenns B 2009 r. - HPB-99/2009 [6].

(/CHOBHEIM MOHATHEM PATHAITHOHHOH 0S30MacHOCTH SBASETCA "M03a H3TyieHHs" (1o3a).
[Moraomennas mosa (D,) — oTHomeHH: 3Hepriad dE HOHHIHPVIOIIETO HAMVICHHT, -
PeIaHHOH BEIIECTEY B 3IeMEHTAPHOM 00BeMe, K Macce din BeIIecTEa B 3TOM 00BEMeE.

D, = % (4.1)
Tlornomennas qoza H3MEpHeTCd B DEOVIAEX, JeMeHHEX Ha 1 BT eguHAma cHcreMel CH -
rpeil (I'p). BHecHCTeMHAA eOHHHDA - paj (0T aHrL. radiafion absorbed dose). CooTHo-
IIEHHE MEETY € THHHIIAME; 1 pag =100 apr/r = 0.01 OJa/sr= 001 Tp.
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TlonATHE «MOTTIOMIEHHAR D033y IPHMeHHEMO K MHOOBIM BHIAM HITYHeHHA H K OOEDM 00-
TyaaeMBIM MaTepHazan. JII9 OLeHKH BO3AeHCTEHA HAa Cpely KOCBEHHO HOHH3IHPYIOMIHX H3-
JIVIEHHH HCOOIBIVETCA TAKEE NOHATHE Kepma (0T aurn. kinetic energy released in mate-
rial). Kepma (K) — oTHOIISHHE CYMMEI IEPEOHATANLHEIX KHHETHISCKHX 3HeprHi dF; Beex
3aAPAKECHHBIX HOHHIHPYIOMEX 9acTHI. 0OpasyIOMHEXCA Mog JefiCTEBHEM KOCBEHHO HOHH3IH-
PYVIOIIET0 HITYIEHHA B 3NEMEHTapHOM 00BeMe, K Macce BelmecTea dm B 3ToM odpeme.

K-% (42)
EmmuEna xepMsl — rpef - COBIATAST ¢ eTHHHIESH MOTI0IIeHHOH JO3EL

B caygae GoTOHHOTO HITYIeHHA KepMa ONpefendeTcd KHHETHIeCKOH 3HeprHel BTOPHT-
HEIX ¥IEKTPOHOE H MOIHTPOHOE, B TOM WHCIIE TOH €€ MacThi0 £, KOTOPAR IPecOpazyeTcd B
TOPMOZIHOE HITyIeHHe. B 00ImeM cIviae IHAUEHHE KePMEl B VCIOBHAN MIEKTPOHHOTO PaB-
HOBECHA' ' COBIATACT C IOMIOMIEHHOH J030i ¢ TIOTPENTHOCTERD, ONIPEIeNIAeMOH IHATeHHEM
g. IIna doToHHOore Hamyuennd ¢ 3Heprieii E < 3 MaB (T.e. omq y-HamyieHHT TpakTHIecKH
BCeX PaTHOHVEIIHIOE) H Cpel ¢ HeOONBINOH 3MeKTPOHHOH IUIOTHOCTBED JOMS 3HEPTHH g
BeCchMA He3HauIHTensHa (~1% mma Bosmyxa, ~2% e OHOMOrHYecKOH TEaHH) B kadectse
BEINECTEA, B KOTOPOM ONpedeiafeTcd KepMa (OTOHHOTO HITYIEHHA, TacTO HCIOMBIVETCH
BO3MVX. 3HAYEHHA NOTTIOMEHHOH NO3E H KEPMEI B BO3IVXE IPAKTHIECKH COBIATAINT.

g oneHEH DefCTEHA PEHITEHOBCKOTO H —HIVISHHd OJHHM H2 IEpPERX OELI0 BEEIeHO
[OHATHE 3KCHOZHIHOHHOE mo3wr (D — 3HeprHH HITYUeHHA. IpeoOpaioBaHHOM B
KHHETHIECKVIO JHEPTHIO 3aDAAEHHE JacTHIT B & JHHHITE MACcCEl CYXOTO BO3TVXA. ETHHHITA
SKCIIOZHITHOHHOH mo3ul B cHcTeMe CH — xymoH Ha xmmorpamy (Koo/kr). Ha mpaxTure He-
[NONE3QBATH BHECHCTEMHYIO eqHHHITY [, — eHTTeH . PeHTren (P)- moza H3TV4eHHI, IpPH
rotopoi B 0.001293 r Bosmyxa (Macca 1 o Bosmyxa mpu 0°C u masnensm 1013 I1a) of6-
Pa3VIOTCH HOHEL, Hecymmae 3, 3306- 10" Kx 3apAna Ka#moro zHaka. 1 P=258-1 0~ Kw/kr.

3apan 37exTpoHA paBeH 1.602-107" Ka. CnemoparensHo, npu goze B 1P B 1 o BO3TVXA
obpazyerca 2.08-10° map HoHoB. IIpHHAMAd CpeIHIOK 3HEPTHES 00paz0BaHHA IapH HOHOB
B BO3OyXe paBHoH 33.853B (13B = 1.602-107 I =1.602-107" 3PT), MOAHO ONPEIeIHTD
SHEpPreTHYECKHe IKBHBATCHTH peHTreHa (mna Bozgyxa). 1P = 0,113 31)1’."'1:1\13 = 8.73-107°
Ia/r = 873 3pr/t = 0,873 pan = 0.00873 T'p. [Ina GHomOrHYeCKOH TEAHH BRIIOIHAETCH
cooTHomeHHe. 1P = 0,95 pag =0,0095Ip.

[locmeacTEHA BO3NEHCTEHA PA3HEIX BHIOBR HATYVIEHHA HA HUENOBEEA MOTYT PAIHYATHCH
Jaxe MpH oTHOH H TOH Xe nornomexHHoH moze. HampHuep, c-HITyIeHHe ropazao OmacHee
B- mm ¢oToEHOro HaTyIeHHA. 11 COMOCTABIEHHA OHOIOTHIECKOrO IeHCTBHA H3Tyde-
HHH Pa3IHIHOTO COCTABA EESIEHO IOHATHE KBHBAACHTHAS Zo3a (Hy)

* JnexTpoHHOe PAEHOBECHE - COCTOAHHE E3AMMOIEHCTERA HITYUEHHA ¢ BEMECTEOM, [PH KOTOPOM JHEPTHA
HITyIeHR. OOTI0MEHHAT B HeROTOpoM 0ObenMe BEITECTEA, PABEA CyMMapHOH EHHETHIeCKOH YHeprHH HO-
HEHPYHOIEE TACTHI, OOpai0BaHHEIX B TOM Ee obpeme. SIEETpOHHOS PABEOBECHE BOSMOREHO IPH obmy=e-
HEH (OTOHAME OOHOPOIHOH D0 ATOMHOMY COCTABY H ILIOTHOCTH CpeEL HANDHMED, BO3TYXA.

' 3KcmosmmoRRAT J03a, YMETHEBARMEe: HOHHSHPYIOMee AeHCTEHE (OTOHHOTO HIMYMSHHE B BOIOVXE.
COYEHT YCIOBHECH MepoH 3dderTa ofTyIeHN APYTHEX BEECTE (CHOICTHIECKOH TEARH): CEA3E Mexay [, B
I}, Mo®EHO YCTAHOEHTE JTHME DpROMEEeHHD. [losTony >Ta dH3HMecEAs BelTHUHEA B OQHITHATEHEDS JOEY-
MEHTAX, PerTaMeHTHPYION IPABANA pAabOTE ¢ HCTOTHHEAME paTnames, ¢ 1990 r. 5e ynovemaetcs. Bue-
CTe C TeM. HOHHSATHKY BOSJYXA JMETEC HIMEPHTH H IO PEIVILTATAM TAENX HIMeDEHHH MONHD CYIHIB 00
IHEPTHH, NOTI0MERHCH OHOIOTHIECKOH TEANEH. BEIIVcEaeMEle paHes MPHOOPEHL, OTEAMHOPOBAHEEIS B SIH-
HHITAX MOMTHOCTH SECTIOSHITEOHECH JOGEL A0 CHX OopP HCIOMIBSYEOTCA AT JOSHMeTPHIECKOrD KOHTPOIE
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Hp=DpzWa (4.3).
TIf BIBeMHEAXINHE KoadhamHerT Ty (paHee HCOOMBI0BABINEECT HAZBAHHE KO3 DHIHEHT Kade-
CTEA HITYyIeHHTY) 3ABHCHT OT [TOTHOCTH HOHH3AMHH CPENEl HATyIeEHeM R H 0TpaEaeT CTeleHE
ET0 #DHOTOTHISCKOH EPeTHOCTHY.

B cucreme CH emuauneil Hy aemaercs 3meept (38). 1 38 = (1 I'p)- Wr. Ina doToHOE.
IEKTPOHOE H [-gacTHy Mg =1 38T p; A1a HeATpoHOE (B 3aBHCHMOCTH OT 3HeprHH) T oT 5
oo 20 3e/Tp; ana a-gactiy My = 20 38/Tp. BrecHcTeMHOH eguHHIEH ABageTca 63p (GHO-
JIOTHYecKHi 3KBHBAIEHT paga). 1 38 = 100 dap.

TIpu BO3AeHCTBHH HATYVIECHHA CAOKHOTO COCTABA 3HAYEHHEe IKEHBANEHTHOH TO3El PABHO
cyvaie Hy 114 BoeX BHOAOE HITVISHHI.

H=%H,=%D,,W, 4.4
A o

TIoTOK HTYHEHHA CO BPEMEHEM MOMET HIMEHAThCH. [loaToMy IeficTEHE HITYIeHHA Ha
BEIIECTEO OUEHHBASTCH TAKKE BEIHIHHOH MomBEOCTR Zo3nl (P) — 1o3a HITyIeHHA 3a
EIHHHITY BPEMEHH (C, MHH, @ H T.IL).

[Ipemesr: 0o3; OONYCTHMEIH VPOBEHE 3ArpA3HeHHAS IOBEPXHOCTEH

B HPB-99/2009 [6]eeigenaroTcs TPH KaTeTOPHH 00MydaeMerx aHL. [lepcoHAn rpymmel A
PadoTaeT ¢ HCTOYHHEAME HTVIEHHA HeOocpeIcTBeHHO. IlepcoHan rpymmsl b B pabotes
EpeMA MOEeT HaXOJHTECE B cdepe Bo3IeHCTEHT HCTOYHHEOE H3TyIeHHE. OCTANBHEE M0~
OH OTHOCATCA K KATETODHH (HACSTEHHEY .

18 mepcoHATa TPYOOBL A YCTAaHOBIEHE! cledyiomHe mpedeasl Jo3 (IIT): 20 m38 B
roxa. Ho He Ooaee 100 M3 3a moOBe moCIeZOBAaTeNbHEE 5 deT; npH 1700 pabotmx 9acax B
rogy gomyeTHMo 12 ME3E B 9ac; OpH [IecTHYACOBOM paboden JHe — 72 ME3E B AeHb. i
KHCTeH pyE Opegen Jo3sl yeemEdeH 1o 300 Me3E.

J1a nepcoEatIa rpyvonel b, B ToM 9HCae and yIammxcs cTapme 16 get, I mMeHpme B 4
paza. /LA HacelleHHEH NpeIesl 0o MeHeme B 10 paz. J[14 cpaBHeHHA, ecTecTBeHHOe (do-
HOBOE) OOMVIeHHe JeI0BEKA COCTABNAET B cpegaeM 2.4 M3E BTOd

IIpH paboTe ¢ PaTHOAKTHEHEIMH BEIISCTBAMH E OTEPEITOM EHIE HEJIB3A HCKIHYATE BO3-
MOKHOCTE 3arPAIHCHHA HEe3AIHITEHHEIX VIACTKOB T, MEPIATOK, CHENOIe#IEl 1abopa-
TOPHOTO ODOPYIOBAaHHA H T.I. ECTH VPOBEHB 3arpA3HEHHA (IUIOTHOCTH NOTOKA YACTHIT)
[IPEREIMIAST MPeIeIbHO JOMVCTHMEL (e, paboTy 5, Tadm 5.1). OpoROIAT Je3aKTHEAITHED
MOBEPXHOCTEH.

Joza 0T BHeINHeTO HCTOIHHEA [-H3AVIeHHA

TIpu padoTe C BHEINHHMH HCTOTHHEAME [—H2Ty9eHHS KAK IPABHI0 PACCUHTEIBANOT HH-
TETPATEHYED J03Y B CJI0€ OOMHOTO IOTIOMEHHA beTa—HITydeHHEe HMEeT HellpepEIBHEIH
CIIEKTp H TIPH pacteTe HCIOMBIVIOT 3HAUeHHe CpelHed 3HeprHH E (0ORMHO MPHHHMAIOT
f=ﬂ,4 Ep mezy. DONEE TOYHEIE 3HAYCHHA Enm PANHOHYEIHIOE IPHBEICHEL, HApHMep, B [8,
9]). HeoGxomZHMO TAE&E OTMETHT, UTO JUIA OHONMOTHYIECKOH TEAHH IOTEPH 3HEPIHH, 00Y-
CIOBIeHHEIE OTpadeHHeM [-UacTHII HIH OpecOpazoBaHHeM HX SHeEpPIHH B TOPMOZHOE Hi-
TIyIeHHE, TPeHeDPEEIMO MATEL

EcaH Ha NOBEpXHOCTE IUIOIIANE S (B o ) DAZAET MOTOK [—9IACTHIL HMEHONIHX MAKCH-
MATEHYIO 3HEPTHIO Epme (B M3B) H MaKCHMATBHEIR Npober Rnx (B r/ca’). To 3Heprus
3THX YacTHI] OPAKTHYeCKH [OTHOCTEIO MOTIOMIAeTCA B C/Ioe OHONMOrHYecKoH TKaHH MaccoH

®opma A Crpannra 41u3 59



MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanust PO

o o Dopma
VYIbSIHOBCKUI rOCYy1apCTBEHHBII YHUBEPCUTET

@ - PaGoyast mporpaMma M CLHILIAHbL

M=5-Rmg. 1IpH MI0THOCTH moToKa Fp (qacmnfcrf -C) MOITHOCTE HOTTOIIeHHOH To3kl Prp
pPaBHa:
F,-E-5 F,-04E ]
‘pﬂﬁ= B 5 _ B~ Eﬂ.ma: I'(-mB) T -P"ﬁ =1,6ﬂ1_1{}—1[l_
s R, R 2-c

F-04
0% ) ay
[

IL10THOCTE DOTOKA Fg. CO3TAOMIEro 103y MOITHOCTER B 1 I'p/c, cormacro (4.5). paEHa:

F, =625 107 = R 4.6)
04E; ..

Bripazenne (4.6) Mo&eT OBITE HCIOME20BAHO 711 OUEHKH MOIHOCTH 038l [P-H3TydeHHA (B ['p/c)
H3BECTHOTO CHEKTPATBHOTO COCTABA NPH PETHCTPAHH €ro NPHOOPAMH, OTKATHOPOBAHHEIMH B
€IHHHIIAX CKOPOCTH c9eTa ([, BMIc). Ppp = I /5;-@-Fp. rie @-Ko3QHIHERT perHCTpalHH, 5; -

IUIOMIATE JETEKTOPA B CM-.
Jns TodedHOro HCTOYHHEA AKTHEHOCTEIO 4 (B BK), Haxoasmerocs Ha paccTOSHHH I (B
CM) OT 0OIVIASMOro OOBEKTa. YVIHTEIBAETCH OC/IabIeHHe MOTOKA [-HacTHII ClIoeM BO3IVXA,

KOTOPO€E MOTIHHAETCH, B IEPEOM IIPHOMIDKEHHH, SKCIIOHEHITHATEHOMY 3aKoHY. [lornomen-
HAaf 7033, CO3JABaeMad HCTOTHHKOM CO CIIOKHEIM COCTABOM HITYHIeHHA, PABHA:

0,4E;, .. Je ™
D,, =1602-107. ‘”ﬁ EN 2 o /8 (Ip) (4.7).
4F- P Rm.l.l.'.'
e p —IIIOTHOCTE BO3yXa (mpH Hy. 0.00129 riad’); ¢ — BpeMi (c); Ie j-off TPYIIE! SACTHI p;—

FHoMf acTHI] HA Pacmaj, Epmax; - MAKCHMATEHAA IHEPTHA {MaB) Fomgr i — MAKCHMATBHEIR ITpo0er
(T/eM ) Li— Ko3QdHITHEET ocTabIeHHs B Bo3TyXe (cM/T).

3mauenns Ry, H || O09 ATHOMHHHEA OpHBegeHE! B Ta0m. [14. IIpu pacueTax. He HVATAO-
IHXCA B 0co00H TOYHOCTH. 3TH 3Ha9eHHA MOEHO HCOONL30BaTe 114 oleHEH D, p B ApyTHX
MATEPHATAX, B 9aCTHOCTH, B BO3IyXe H B OHOIOTHIECKOH TKaHH.

[oza oT BHEITHETO HCTOTHHEA J-HIAYIeHHT

[Tpu npoxo#IeHHH HOTOHHOTO, HAIPHMED, Y-HITyIeHHE, 9epe3 BeIIeCTEC OTHA TACTE €I0
SHEPTHA PacXOOyeTcd HA HOHHIAIHID 3TOMOE CPeJEl IpPVTad mpeo0pa3yercd B IHEPTHID
BTOPHYHEIY (MPEHMVINECTEEHHO KOMIITOHOBCEHX) GOTOHOB H HE VHACTBYET B CO3TAHHH
mo3el. TToaToMy MOMHEN Ko3ddHIHEHT ocnableHHd (—HITVIEHHA L MOAHO IpeICcTABHTE
KAK CYMMY Ko3¢QHIHeHTa HCTHHHOTO NOITIOMEHHA (HIH 3IeKTPOHHOTO NpeotpazoBaHH:A)
K, H Ko3hdHUHEHTa W, XAPAKTEPHIVIOMIETO BepOATHOCTE NPeo0paz0BaHHA IIEPEHYHOIO
hOTOHHOrD HITYIEHHA BO ETOPHTHOE.

[IycTe noTok doToHOR ¢ 3Hepruel E, (M3B) B miotHocTRIO F, (hoToR/c- cM°) TIPOXOIHT B

TedeHHe t (c} gepes CI0H BO3AYXa NPOTAAEHHOCTEI Al (CM), IIOMAgE MONEpPeTHOTO Ce-
geHns 5 (cM') H ILIoTHOCTER p (r/cn’). Torma, ¢ yueToM 3KCIOHEHIHATHEHOTO 33KOHA OC-
7IaDIeHHA [TOTOKA, 3HEPrHA, NPeo0Pa30BaHHAA B KHHEeTHISCKVE) 3HEPTHIO JIeKTPOHOE (IIo-
INTPOHOR) B 00BbeMe Maccol Am = 5-Al-p, paBHa: AE, = E, Fst-[1-exp(—pAlp)].
TIpu uAlp < 0.1 copaBenmTHBO AE, = E, F.st-uAlp (4.8)
Kax orMewanocs. 3HavenHa kepumel (K) m nmormomersof mossr (D,,) B Bo3myxe mna -
HUTYIEeHHA PAJHOHVEIHIOE IPAKTHYECKH (C morpemHocTsio B 1%) coenagator. Hexoma m3
(4.8) momy

AE, .
K=D__ == EFut (MsBr) mm K=D,_=1602-10"E Fut (I'p) (4.9).

TIE e - MACCOBRIH K03 HIHEHT HCTHHHOTO NOLTOMEHHT fc:-ij.-"r}, (Tabn. IL6)
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JECIOZHITHOHHAA 1033 B BO3IIVXE, VIHTHIBAR 3HEPreTHUeCcEHH 3IEEHBATNEHT pEeHITeHA
(1P = 0,00873 I'p), pagHa: D, = 1,335-10‘3-E?Fﬂ1,,a‘ (P). 3uauenHe MOTTOMEHHOH J03E B
OHOIOrHIeCKOH TKAHH (B pagax) OvaeT OIHIKHM K 3TOMY 3Ha4eHHIO (mpEMepHo 0,95 D).

Bripaxerne (4.9) nosBoNAeT OUEHHTS MOMMHOCTD J03EL Py, (HIH MOITHOCTE KEPMEI B BO3IYXE)
OO0 CEOPOCTH cdeTa J (HMIUC), eCIH ITA HCIOIBIYEMOTO JeTEKTOPa IIOMATER 55 (CM°) H3BeCcTHA
3@ DERTHEHOCTS & PETHCTPANHE GOTOHOR JAHHOH SHEpPIHH E

I 1 I Eun
mr 35, - EF 5 gﬁlﬂl{?ﬂ_ Pe)

roe F, - II0THOCTE OTOKA (JOTOHOB, COITAMIIETD B BOAYXE 103V (KepMy) MomEocTER 1 I'pic.

(4.10).

KepMma E Bozgyxe K (KaKk H DoromeHHadA Xo3a Dy, ). co3gaBaeMad ToYeTHEIM HCTOTHH-
KOM MOHO3HEPreTHUECKOr0 HTVIeHHS Ha PACCTOAHHH 7 (B M) 3a BpeMd [ (B C), paBHa:

A-pE u, .
. _f*“ =2 arp (@.11),

K=D =1602-10" .
e r
roe 1.602-1071° — maqjqjmmem mepecgeta MaB 8 [Ix ([Ix/M>3B), 4 - akteeroCTE (BE). E, - 25ep-
rug QoroHoE (M3B). p - BEXOA OTOHOE ¢ 3HeprHed £, Ha pacmat, e - Ko} PHOHEHT HCTHHHOTO
OOTIoMeHHEA (M™/5T), [, - KepMa-TIoCTOAHHAS PATHOHYETEIA B [al p- M (c-Br)].

[Mapametp I, (Tadm. I1.7) XapakTepHIVET MOMIHOCTE BOIAVIIHOH KePMEl J—HITVICHHA TO-
YETHOIC HCTOYHHEA AKTHBHOCTER 4 = 1BK Ha paccTOSHHH 0 TOYKH OETeKTHPOBAHHA
7 = 1n. Ero o65MHO HCIOMBIyeMas pazMepHocTs - [alp-a/(c-BK)]. rae al'p (arTorpeii) pa-
pen 107° I'p.

[MonHaa kepMa-nocToAHHAd ([,) U9 PaTHOHYETHAA, HCOYCKARIIEro GOTOHEl PasTHIHEIX
sueprui E,; (M>B) ¢ BExogoM Ha pacmax p; H Ko3(dHIHeHTOM HCTHHHOTO NOITIOMIEHHS
Lig.; (M°/KT), paBHA CYMMe MapIHATEHEX (7;)

- _ 3 1l s 2
r-% PE n,,-1,602-107-10 S pL-3T, rarp.i“
: 4x : : bx-c
rae [, - HopMATHI0BAaHEAS (T.€. PACCIHTAHHAT LTA pi= 1) DapIHATEHAL KEPMA-IOCTOAHHAT.
Henomsaya (4.12) u gamnsle, npHeegerHsle B Taom I1.1, I1.6 (wm I1.8), MoEHO pacCIHTAaTE,
oDpalnad OpH 3T0M BHHMAHHE H3 Pa3MepHOCTE BBOTHMEIX BeIHYHH, 3HadeHHe [, mma mro-
OBIX HCTOYHHKOB C H3BECTHEIM (DOTOHHBIM CIEKTPOM, B T.9. HENpephBHBIM. I8 pagHO-
HYEIHIOE 3TH IHAYCHHA HIBECTHEL, YacTh HT HHX OpHEemeHa B Tamn. I1.7. Ompenemme I,
BEITHCIAIOT, cornacHo (4.11), zuavenns K (wmn D, ,) B TOUKE JeTEKTHPOBAHHA.

3HAYEHHS SKBHBAICHTHOM JO3El B OHOIOTHYIECKOH TKAHH H NOIIOMIEHHOH 03 B BO3OV-
xe 113 doTonos ¢ 3nepruef 0.04+15 MaB cBazasml cootHomerne M = 1,09-D, -7 TTo-
ITOMY IPAKTHIECKH U8 BCEX (—HAUTYIADITHE HYKTHIOE MOKHO 3AMHCATE.

H=-100-D, - n’_u}g.x:n'_mg‘{f_ ! w (4.13).
rae pa3MepHOCTE /7 - a3e. Dy, B K - al'p, W=la3s/al p; ocTameEEe yKasaHs! B (4.11).

[IpH pacdeTe MOMECCTH IKCO03ENHOEHOH 036l P; TOUeTHOr0 HCTOTHHEA HCIIOMB3VET-
CH 3IHAYECHHE FaMMa-TIOCTORHHOH pagHoHVEIHIA ([,). OHa paBHA MOIIHOCTH JO3H B P/a
COITABAEMOH Y—HITYIeHHEM TAHHOTO PATHOHVETIHIHOTO HCTOMHHES AKTHEHOCTEIO B 1 MEH
HAa PAacCTOAHHH 1 cM OT HCTOUHHEA. Ee paMepHOCTE P-cy’fa-mKn. 3uavenns [, 11 Hexo-
TOPEIX HYETHICOE npHBeldeHE! B Tada I17. IIpH HeoOXoZHMOCTH raMMa-TIOCTOSHHVIO HC-

TOTHHEA CO CJIIOEHBDM -CIICKTPOM MOEHO OINPCICIHTE, BOCIIONIEI0BABINMHCE TAHHEBINMI Tal.
IL6uIlE

J (4.12).
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P.ew’

- - K
rae e oToHa ¢ 3Eepraed E, ; (MaB) B Brxom0M Ha pacaj p; SHA9SHHA |l ; 33T4HE] B oMt
[, - HOPMATH3IOBAHHAT (T.€. PACCIHTAHHAA 174 p~1) NapIHATEHAT TaMMA-TOCTOAHHAT.

[,=1945%" pE u,=>pl,=>T,, | ) (4.14),

Hoza. cozgagasMad HCTOYHHEOM AKTHEHOCTEED 4 Ha PACCTOAHHH I 33 BpEeMA [

=P t=2Lt (p) w  H=095D, W(op) (4.15)
3

CnexyeT OTMETHTE, 9TO JKCIOZHITHOHHYIO JO3Y B BO3OYXNE, HIMEPEHHVIO C MOMOINBED TO-
IHMETPA B PEHITEHAX, CUHTANT, KAK [IPABH/IO, PaBHOH SKBHBATCHTHOH moze (H, 03p).

SanmTa oT HEAVIEeHHA

[IpomEEaromas cooco0HOCTE G-HAIVIeHAA BechMA He3IHAUHTENTRHA: Opober ¢—dacTHI B
BO3OyXe He mpeBrmmaeT 11 cu, a B Jersmx MartepHanax (Boga, gepeso u T.oL) — 0,01 ca
CregoeaTeneHo, 0Ok da, NEPIATRH H JAKE JIHCT 0VMArH NOTHOCTEIO 3alHINAIOT OT BHEMI-
HeTo 00aIydeHHA. BMecTe ¢ TeM, ¢—aKTHEHEIE HYEIHIEL, [IOMAEIIHE BHYIPE OpPraHHIMA,
IPeICTARISIOT CePResHYI0 ONACHOCTE, T.K. VISTRHAS HOHH2ANHSE OHOIOTHISCKOH TRaHH o—
TaCTHIIAMH OYeHB BHICOEA (Ha 1 MEM mpofera HeCKOMBEO TEICAY MOTEKYT). Bimemmearo-
i koaddmument M, = 20 (cv.  ypaerenne(4.3)). ITosroMy padoTa ¢ o-HITYIAaTEIAMH
(mpesme BCETO. ¢ 3MAHHPYIOMIEMHE [IPEapaTaMH) JODKHA OBITH OPraHH30BaHA TAK. ITOOBI
MHHHMHIHPOEATE BOIMOKHOE IOCTYIVICHHE PATHOAKTHEHEIX TA30E H [IELTH B BO3IVX pado-
THY [OMemeHEHH CoOTBeTCTBYIONTHE XHMHYECEHe ONEpAlHH [OPOBOIATCA B BEITTHHEI
mEadax, GOKCAX, IPH HeoOX0IHMOCTH HCIIONE3VIOTCH PECITHPATOPEL.

BrmomHenne GOMEINHHCTEA 3ECISPHMEHTOR ¢ HCTOUHHEAMH - H P-HITYIeHH CBA2AHO C
BHeIIHHM 00myieHEHeM. [IpH 3ToM OOBIMHO OPHEHTHPVEOTCA Ha JHEBHYIO NpelelbHO TO-
mycTHMYVED 003V H,z = Doy W = 72 vm3e = 7.2 mbsp (W= 1ve3e/ el p = 1mbap/vpam).
Hemonszva (4.7) 1 (4,13, 4.15). ompeaensoT MEHHMATEHO TOMVCTHMOS PACCTOSHHE OT HC-
TOYHHEA [ WIH, [IPH 33TAHHEIX DapaMeTpax 4 H . BpeMA f,;, B TeUeHHe KOTOpPOTO MORHO
HAXOOHTECH BOMHIM HCTOYHWEA HOHHIHPYIOINETo H3TydenHd. — Hampuwmep, mns -
HCTOTHHEA
_H, r _H, r
= tear, (¢ " W= gosar

Tloxy4aenMele IpH paboTe ¢ PATHOHVEIHIAMH O3B Kak 3T0 caexyeT H3 (4.7) H (4.13),
MOTYT OBITh CHIDEEHEI 34 cUeT. 1) VMEHBIISHHS AKTHBHOCTH PATHOHVESTHIA 4 H{WmH) Bpe-
MEHH 3KCIIEPHMEHTA ! (IPABHIBHEIH BHIOOpP METOIHEH H INpPHMEHEHHe BEICOKO3(dekTHE-
HOH ammapaTypel), 2) VBEIHYSHHA PacCTOAHHA J0 HCTOUHHEA 7 (HCTIONL30BaHHE MIPOCTEH-
IIEX MAaHHTYISTopoE ). OmHaKo Ha NPaKTHKE Helb3d OS3rPAHHTHO YMEHBIIATH AKTHBHOCTS,
BpeMA padOTHl HIH VEEIHIHEATE PaccTOAHHe. ECIH «2amuTa BpeMeHeM» H(HIH) «paccTod-
HHeM» He MO3IBOIASKT CHHIHTE IOV 0 NPeJelbHO JOMYCTHMOTO VPOBHA. YCTAHARTHEANT
3AITHTHEIE JEPaHEL

Jdna :amBTel 0T P-HTVIeHEHA OPHMEHSIOT SEPAHEI, HOTOPEIE 3aTepEHEBAIOT Bee [-
GACTHLEL, T.€. C TOMIHHOH d 2 Ry, (Tadmn. I1.4). IIpH 3TOM HCHOIB3IVIOTCA MaTePHANE] C He-
GOMBIIMM ATOMHEIM HOMEpPOM, HAPHMED. MOIHMETHIMETAKPHIAT (oprcrexio). B atom
CIyHae BEIXOJ (OTOHHOIO «TOPMOIHOTO» H3MYUEHHA HEIHAUHTENSH. a I MOIJIOMIEHHS
COOCIBEHHO [—HacTHIl OOIBIIHHCTEA PATHOHVEJIHIOE JOCTATOYHO 3KpAaHA TONITHHOH He-
CHOMBED MM.

a (%) (4.16)

®opma A Crpannna 44n3 59




MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanust PO

o o Dopma
VYIbSIHOBCKUI rOCYy1apCTBEHHBII YHUBEPCUTET

@ - PaGoyast mporpaMma M CLHILIAHbL

DoTOHHOE HITVIEHEE TVIIIE BCETO OCTADMIIETCE MATEPHATAMH ¢ OOMBIINM ATOMHEIM
HOMepOM H BBEICOKOH IUIOTHOCTBRED. 1IpH DPOEKTHPOBAHHH 3AIOHTEL B JIa0OpaTOpPHH, KAk
IPABHIIO, PEIIAETCA 3a7a9a ONpelesHHT TOMOHHEEl CEHHITOBOTO 3KPAHA, 0DECTIeHEARITE-
IO 33JaHHEIH YPOBEHE OCIAONEHHA y-HITVIeHHA. [IpH 3T0oM HAade VIHIEIBATE PAITHIHA B
0C1abIeHHH MOTOKA (DOTOHOB B YCIOBHAX «V3KOTON H «IMHPOKOrOY» IYYKOB. B reoMeTpHH
VIKOTO IVYIEA JEeTeKTOD PeTHCTPHPVET TONBKD HEPACCEAHHOE HITYUeHHEe HCTOYHHEA. B
3TOM CIIVIae ocIadIeHHe IoToKa QOTOHOR H JO3E NOTIHHAETCHA 3KCIOHEHIHATLHOH 3aBH-
CHMOCTH:

D:mt = Dy &‘Cp(-llﬂj (4.17).
rae Dy - J03a, cO3TaBacMad Y3EHM IVIKOM 33 3AMIHTHEIM JKPAHOM TOMIIHHOH 4 (CM HIH r.-'cf},
Dy — noza B oTcyTCTBHE 3EpaHa (d = (). U - NOTHEIR KO3(Q{HITHEHT OCTACTEHHT |- HITyIeHHA (e
I cM/T) (Tabm. I15).

BEMHCIEHHAE TOMIIHHE! 3KPaHa B COOTBETCTBHH ¢ (4.17) BCeraa NPHEOOHT K 3aHEACHHO-
MY IHAYEHHIO . ITO CRA3AHO TEM, 9TO HA o0MyIaeMeId 00BEET 23 3KPAHOM [MATAeT TaK Ha-
IBIBAEMEIN IMHPOKHE OYIOEY», B COCTAE KOTOPOTO EPOME NEpEHYHOTO HITYISHHA |-
HCTOYHHEA (VIKHI IVI0K) BXOOHT TAKKE (—HITVICHHE, PACCEAHHOE MaTepPHATOM 2alIHTH H
VBEIHYHBAOIIES MOIIHOCTE J03b. B CIyiae MOHOJHEPreTHIECKOrO H3MVIEHHI 1033 (B
alp) HA BHYTpeHHEH MOBEPXHOCTH 3KPAHA PABHA

D,=D,+D,_ = D™ +D . =De* B, = ‘Ff;z"f e+ . B, (4.18),
rae 4 — aKTHBHOCTE HCTOHUHHEA (BK). s - KepMa-mocToAnHEad (tada. ILT), r — paccTofHEHE OT HC-
TOTHHEA (M), | — BpeMa obmaygeHHs B ¢, Bp — daxTop HAKOIIeHHA TO3EL KOTOPEIH 3AaBHCHT OT
3HeprEH GoToHOE £, MaTepHATA 3AITHTEl H TOMIIHHL! 3KPaHA. BEIPAKEHHOH B De3pasMepHEL e1H-
HHOAX |14 (Tada I19, I110); ocTaneHsle obo3Hagerua B (4.17).

J19 HCTOYMHHEA, CIIEKTP KOTOPOro COCTOHT HE HECKOMBRIN THHHHA:

D, =215 pre»i B, =D, e B,

=
ey e -

(4.19).

I i
IIe Q14 KOMIIOHEHTEl CIIEKTpPa C 3HeprHeH E, ;. p-BEIXOX Ha pacnal. [ — HOPMATHIOBAHHAA Iap-
OHATEHAT KepMa-TocToasHad (Tadmn. IL8). v; - koaddHurenT ocnabnerna (tadn. ILS), Dy: — mo3a,
cozgaeaeMat ope =0, Bp; — daxTop HakomreHns (TadbaILY).

Hanenus pasmepuocts A, T, [ H . MOEHO IOTVIHTE aHamors+HEe (4,18, 4.19) srpase-
HHA 18 JKCIIOZHIHOHHOH J03EL

Vpaeueunq (4.18. 4.19) D03B0IOT OMpeIeIHTE, BO CHKOMBKO Pa3 3KEPAH M3IBECTHOH ToI-
IMHHEl ¢ YMEHBIIAeT YPOBEHL 00TyIeHHs OIHAKO PEINHTH IPAMVIO 3aJady - PaccUHTATh
TOMIHEY 3KpPAHA, 00eCIedHBAIOINETO 3ATAHHVID KPATHOCTE OCTADIEHHA, MOEHO TONBED
METOAOM “IIOC/IeIOBATENbHEN IPHO/IDKEHHEY, TAK Kak 3Had9eHHe Bp 3aBHCHT OT HCHOMORH
BEJIHYIHHEL d H He MOKET OBITE 3apaHee VATEHO.

[TpoeKTHPOBAHHE 3AIMHTEl MPOBOIAT ¢ Ko3ddmeHTOM 2amaca Mo MOITHOCTH 3KEHEA-
JIEHTHOH JO3EI, PAaBHEIM 2. ITO CO3TAET Pe3ePE, KOMICHCHDVIOITHHA BEO3MOBEHEIE [IOTPEIIHO-
CTH E HCXOTHEIX JaHHEX, BOIMOKHOCTE ODTYVIEHHA OT HEVITEHHEIX HCTOYHHKOE H T.IL. Ta-
EHM 00Pa3oM, MOIDHOCTE JO3H HA IOBEPXHOCTH IAMMHTEl HE JOMHHA IPEBRINATE IHATCHIA
6 m38/a (36 M3 2a gemp). Ha mpakTHke 114 pacteTa 3alHTE 0OBMHO HCIOABIYEOT Tab-
memy HI. I'veega (tabm I1. 11). cocTaBneHHVIO IHCISHHBIM MOIEIHPOBAHHEM AIA MIHPO-
KO0 my9ka GOTOHHOTO HITYIEHHA C YIeTOM J030BOre (akTopa HakomwieHHs. J{If HCTOY-
HHKA MOHO3HEPTeTHIECKOro HaTyderHA E,. Hcmomb3ya (4.13) mm (4.15), BEMHCIAOT 403y
(Dy u Hy) B OTCYTCTEHE 3AIDHTH H ONPEIEISIOT KPAaTHOCTh €8 OCIalIeHHd 10 NPeIeIsHo
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JOMYCTHMOTO VPOBHE: K = 2(HyH,s). tae Hye= 72 M3e/mess = 12 v3e/a B tabm I1.11
HAXOIIT TOMITHHEY 3alIHTEL COOTBETCTEYIOMEH 3HAUeHHAM I H E,.

B Tex caydagy, KOTOa HCTOTHHE HMeeT CIOEHEE CIeKTP HUTYIeHHd, FaIHTY PACCTHTEL-
BAIOT METOJOM «KOHEYPHDYIIIHX THHHi». [Ipe#ae Bcero, onmeHHB 3HazeHHA p L), (oa

4.11. 4.12), BEIOHPAOT B CNEKTPEe HECKOMBKO THHHE E, ;. KOTOPEIE BHOCAT 3AMETHEIH BEIAT
B Z03V. JaTeM pacCUHTEIBAIOT KPATHOCTH OCHAbAeHHA & A 403, CO3HABaeMBIX KAEIOH
BEIOPAHHOH KOMIIOHEHTOMH.
k, =lﬂ=2£i=ﬁri (4.20),
H, H,T, r
rae Hy; — mo3a. cosgaeaemad doroHamMe E,; npe d = 0; I';; B I, — mapiiHATEHAT H MOTHAT KEPMa-
OOCTOAHHEIE, &; H £ —KPaTHOCTH 0CTA0IeHHA i—ToH MHHHE H BCETO CIOSKTPA, COOTBETCTECHHD.
[anee 14 Kaznof THEEH E, ; 110 3HA9EHHIO §; HAXOIAT HEOOXOIHMYIO TOMIHHY 3aIHTEI
d;, BLIOHPAIT TTABHVIO MHHHIO (TpeOyIOLIVI HaHOONBINEH 3aIHTH &.) H KOHEKYPHPYEO-
VIO THHHIO (CIeIyIOmas 33 HAHOOMBME TOMIIHHA 3amHTH dy). KpaTHocTH ocnatneHns
3THX MHHEEH (, 2 k) yABaHBarOT, 00 TAOIHIEe HAXOAT HOBEIE 3HAYeHHA 4. Hd, (ma 2 k. u
2 k,. cooteercteenHo). ITo pasHocTtH (d.- d. = A .) H (d, - d,= Ay,) OIpenendioT cIoH
MOTyOCTabMeHHs 118 [MABHOA H KOHKYDHPYIOMed THHHI H BRIOHPAIOT HAHGOMBINEE H3
OBV 3HaTeHHH Ay, OKOHYATENBHO TONIIHHY 3AMHETE d HAXOXIT H3 COOTHOIIEHHH:
d=d>+ A, eCIH (d--d,)=10
d=de+ M. ECITH D*i{ﬂr_?—:’fx)-:: Py
d=d., ECITH (d,-d,) >N

L

4.2. HSMEPEHHE MOIITHOCTH O03EI TAMMa-H3AYVIEHHA H pacdeT 3allTHThI

ITenar paboTsl

— H3IMEepeHHE MONTHOCTH JTO03EL, CO3JABaeMOi HCTOUHHKOM V-H3TYVIEHHT HA PA3THYHEDN
PACCTOAHHAX,

— PpacHder JONMVCTHMOIO BPeMEeHH padoTE ¢ HCTOMHHEOM De3 3alTHTHOTO 3KPAaHA;

— OIpelencHHE AKTHEHOCTH HCTOMHHEA,

— pacHer TONMIHHEL FAMTHTHOTO 3KPAHA.

ObopyaoBanHe H IperapaTsl )

EoHTeHHep ¢ HCTOYHHKOM J-H3IVICHHA (13 'Cs):; mosmmeTp PT-05; pymeTka:

Brimoaserne padoTel

1. 3HaKoMATCA ¢ HHCTPYEIHeH o paboTe ¢ gozaMerpoM [IPI-05 H roToBAT ero K HIMepe-
HHAM. N

2. HaMepmoT MOINHOCTS SKCIO3HIHOHHOH mozu P, (MxP/c) HcTounHKa Bcs, VCTAHORTEH-
HOTO Ha pabdodueM CTolde COTPYIHHKAME NPAKTHEYMA, HA PACCTOAHHH 7 OT 5 Jo 1 M (c ma-
rom 50 cu). HatamyTas geHTa pyIeThHE SBIAETCA HADPABIAIIIEH, BIOAE KOTOPOH mepenMe-
AT JATIHE JOo3HMETpa. B KakOoH ToHUKe IPOBOIAT TPH NOCIEI0BATeIBHEIX HIMEPeHHA
(c mETepeamoM B 5+10 c). B Tabn. 4.2.1 BHocAT cpemHes apHdMeTHUeCKOe IHAUEHHe P,
OtuedaoT obmee BpeMA (1,4, - BpeMA 0OTyIeHHS ) BEIIOTHEHHS 3TOH 9acTH paboTEL
VHHTEIBAA SHEPreTHHIECKHH 3KEHBATEHT PEHTTEHA, IepecHTEIBAOT 2HaTeHnd P, (MxP/c) B
3HaUeHHA MOIIHOCTH BO3AYIIHOH KepMel Py (al'p/c).
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. y ]
3. Crtposar rpadHK 3aBHCHMOCTH Px oT 1/ H. B COOTBETCTBHH C ypaBHeHHeM (4.11). pac-
CHYHTHIBAKT AKTHEHOCTE HCTOYHHEA 4 B BE.

Tabmama 4.2.1
nm FM P, urPlc Py, alplc L T, €
1 5.0
2 45
0 1.0

4. Ilo pesymerartaM HiMepenHa P, (Pg) Ha paccTosmuH 1, 2 H 5 M ONpemeIfioT, COTIACHD
(4.13, 4.16). momycTHMOe BpeMd paoThl ¢ HCTOMHHEOM fy . 18 CTYIEHTOB (IepCOHAT
rpvimnsl B) gomycrinvan qHeBHAd Qo3a cocTaBageT 18 Mx3B.

OUeHHEAOT J03V, IOMVIEHHYVIO IPH [POBEIEHHH HIMEpPEHHH, CUHTAH, 9T0 B Ka#JoH H3: 9

TO4eK YVUAITHHACA HAXOJHICH B TeUeHHe +f

5. Tlpegmomarad. oTo paboTa ¢ HCTOMHHEOM OVIET NPOBOIHTHCA e€#eTHEEHO B TedeHHe 1 9
HAa PaccTOAHHH 1 M, OOpeIensT TOMNIHHY CEHHIIOBOIO 3KpaHA. YMeHBIIAIOMETo oOIyHe-
HHE [0 IpeleIsHO JOMyCcTHMOIO YpoBHA (Tadm I1.11).

PABOTA 5. OIIPEOEAEHHE SATPASHEHHOCTH PANTHOAKTHBHBIMH
BEIIECTBAMH PABOYHX ITOBEPXHOCTEH

Ilpn paboTe ¢ PaTHOAKTHBHEIMHE H30TOIAMH B PATHOXHMHYeCKOH JTabopaTopHH (Npak-
THEVME). B COOTBETCTEHH ¢ OCHOBHBIMH CAHHTAPHBEIMH NPABHIAMH 00eCIIedeHHA PaIHALIH-
oHHOE OezomacHocTH (OCIIOPE-929/2010 [7]). HeobXoouMo peTVISPHO OIPOBEPATE CTENCHE
IATPAIHEHHOCTH PAIIHYHEDN [NOBEPXHOCTEH, HA KOTOPEIE MOTIH IONACTh PATHOAKTHBHEIS
BeIeCTEA. ¥POBEHE 3ArPHIHEHHOCTH — IDIOTHOCTE [TOTOKA GacTHIL, HCITYVCEAEMEDX 3arpHa:-
HEHHOH MOBEPXHOCTEID, ONPeNeIgeTCA [0 BEIXKOAY Ci- HIH [-9acTHI B BEPXHIOK IOIyCde-
py Haxg lou” moBepxHocTH (dacT./(ca Mum)). Pazne¥aroT HedHKCHPOBAHHYEO (CHHMae-
MVI0). HECHHMAEMVIO H 0DITVED (CYMMAPHVIO) 3arpA3HEHHOCTE. VPORHH 3arPA3HEHHAT PVE.
NePYATOE, CIENOIeR TR, 0DOPYIORAHHS, MORSPXHOCTH CTONOE H T.0. HOPMHPVEOTCH, HCXO-
I H? NOTEHIHATLHOH OMACHOCTH MONAJAHHYA PATHOHYVETHIOE BHVIPL opraHmaMa (HPB-
99/2009; tabn. 5.1). [TosToMY AOOYCTHMOE KOMHISCTBO PaHOAKTHEHEIX Zaep Ha 1 eM” Tio-
BEPXHOCTH BO MHOIC Pa3 MeHEIIE TOTC KOIHYIECTEA, KOTOpPOE MOEET CO3TATeE NpelelbHO
JOIVCTHMVIO J03Y BHEIIHero ofmyHaeHnd (oM. ypasHennd (4.5, 4.6)).

TIpudopEl, © DOMOINEKY KOTOPEIX OOHAPYEAMBAIT H HIMEPAHT PATHOAKTHEHEIE 3aIrpa3-
HEHHS, HA3EBAKTCA PagHOMETPaMH. Y pOBeHE 00meH 3arPA3HEHHOCTH (Faap) OIpenensior
NePeHOCHEIME IPHOOPAMHE 110 PETHCTPHPVEMOH AKTHEHOCTH lcM™ MOBEPXHOCTH C YVIETOM
ko3 dumenTa cueta Ky
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F =.rffuT—f¢JK ='rj.:u.',r-_j.}.\-"ll (5.1)
up S o S ll’) i £l
@ o

rae I sy H [ —CKODOCTE CUeTa( ) 3arpA3HeHHOH MOBEpXHOCTH H GOHA. COOTBEICTBEHHO (B
HMILMEE): S — IUTOMATE OKHA IETEKTOPA B OM°; ¢ -K03(d HITHEHT PETHCTPAIEE PATHOMETpA.

s onpeneneHHs ko3ddHIHEHTA C9eTa IPOEOIHTCE KAMHOPOBKA PATHOMETPA IO H3-
TVIEHHIO 3TATOHHEIX HCTOUHHEOR. KoadpumuerT K, papeH OTHOIIEHHIO THCIA YACTHIL
HCITYCKAEMEBIM 3TATIOHOM B MHHYTY B YTOT 27 (F 0y, TACHOPTHEIE JaHHEIE), K CKOPO-
cTH ceTa ([ sm—Ip). H3IMEPEHHOH IPH HATOXEHHH 3TATOHA HA OKHO JETEKTOpa:

- Fm-’]t; .
K,=—""" _ (mpu5,:S,,) (5.2)
(1 —14)
JIns KOHEpPETHOTO PATHOHVETHIA 3HaTeHHe K., olpelenseTcd o rpadHKy 33EHCHMOCTH
K, ot Ej,p, KOTOPEIH CTPOAT N0 PE3VIBTATAM HIMEPEHHH HECKOIBEHX 3TAI0HOB.
Tabmamna 5.1

JTomyCTHMELE YPOBHH PAIHOAKTHEHOTO 3arpa2HeHHS [OBepXHOCTeH (gacT./(ca’ Mum))

OOBekT 3arpaIHeHE ATrtha-aKTHEEEIE HYKTHIE® | beTa-aKTHBHEIE
HYETHIEL
OTIeNBHEIR™* OpoTHE !
HenoppeseHHAT KO®A, NOTOTEHIA,
EHYTPEHHAA NOBEPXHOCTE THIIEBELX Tac- a 2 200+
TeH CpelcTE HHTHEHIVATEHOH 3a0THTEL H B B
MepIaTok

OcHopHad crenoge#1a. BHYyTPEHHRT I0-
BEPXHOCTE JOMOIHHTETEHE CPEICTE . 20 2000
HHIHBHIVATEHOH 3aIMHTEL COe00VEE -

[loBepXHOCTH NOMEIEHAH TOCTOAHHOTO

NpedEEAHRT TEPCOHATA H HANOTAMETOCT - 20 2000
B HHX 0DOpPYIOBAHHA -

[loBepXHOCTH NOMEMIEHHH OepPHOTHTe-
CEOTO MpeOBEAHHA MEPCOHATA H HAXO- 50 200 10000
DAMETOCH E HEX 000pYI0BAHER

* mna mopepxHOCTEH pabOTHY MOMEMIEHHE H 0DOpPYVIOBAHHA HOPMHPYETCA CHHMAaeMoe (HedHE-
CHpPOBAHHOR ) 3aTPAIHEHHE, T4 OCTATBHEN MOBEPXHOCTEH — CYMMAPHOE (CHHMAEMOE H HECHH-
MAEMOE) IarpEIHEHAE;

** anpa-aKTHEHEIE HYKIHIEL ZOMYCTHMAT 00BEMHAA AKTHBHOCTE KOTOPEIX B BOZAVEE PabOTHX
nomemerri JJOA < 0.3 Brar (5-Th “'Amu ap.): 1

*#% 119 PABHOBECHOH CMeCH H30TONOB ST + ﬁ He Oomee 40 9acT/cM - MHEH.

" Ilompaeky Ha paspellatoliee BpeMA JeTeKTOpOE o caeTaHranMH [ efirepa-Mroaaepa B peruct-
PHPYEMYVED CEOPOCTE C9eTa OOEMHO He BEOLAT. T4K KAK BEeIHYHHA [, B VpaBHeHHTX (5.1 5.3),
Eak mpaeano, MeEeme 10000 ;v vom. Kpoue Toro. Jake OpH OIee BEICOKOH CEODOCTH CHe-
Ta (J=15000:=20000 EMIIMHH) HeKOTOpOe CHEXEHHe TOUTHOCTH ef oNpeleTeHHd, KAk I0Ka3ana
[IpAKTHEA, He IPHBOJHT K CYIIecTBeHHOMY VBeIHIeHHI NOTPeIlHOCTH KOHETHOTO PesyiabTaTa
PAcIeTOR — 3HATEHHE Fipp HTH AF .
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HedHEcHpPOBaHHAA 3aTPAZHEHHOCTE (AF;qp) MOMET OHTEH ONpeleleHA ¢ NOMOIIBI KAk
MEPeHOCHEDX, TAK H CTAIHOHAPHEX PATHOMETDPOE METONOM «BISTHA CYXOr0 Mazkaw. Jma
3TOTO (QHIBTPOBATEHOH OVMAroH, MIOMATEI MEHBINEH, YeM BXOOHOS OKHO JETEKTOpa.
TPHAIE IPOTHPAROT OMPENETEHHYIO IIOMATE (S,,y;) MOBEPXHOCTH NOMEIIEHHA HIH 000pY-
JoeaHHA. Ha OTEATHOpPORAHHOM PATHOMETpPE HIMEPAHT CEOPOCTh CHYETA MpPOOBI-«MaZEAN
(¢ 24qz) H PACCUHTEIBANT HeHECHPOBAHHVIO 3aIPA3HEHHOCTE:

AF, = F,, =CM@ Idijf;n

P s

(5.3)
Maz

ITear paGoTsl

Hayaenne paboTel pagHOMETpa, ONpeJelcHHE YPOBHA He(HKCHPOBAHHOH (CHHMaeMoii)
IATPAIHEHHOCTH MOBEPXHOCTH f—AKTHEHEIMH HVETHIAMH.

ObopyaoBanHe H IpelapaThl

Pagmomerp YHM-1M; Habop 3TaN0OHHEIX HCTOUHHEOE [—HITYHIEHHA ¢ CONPOBOIHTEIBHEI-
MH TACTIOPTAME, EFOBETEL, IOBEPXHOCTE KOTODHIX IATPAIHEHA OJHHM HI HCOOTBIVEeMEIX B
OPaKTHEYME [—aKTHEHEIX HYEIHIOE.

Brinoaseane paboThl

1. 3HaKkoMATCA ¢ KpaTkoH HHCTPYELHEH [0 padoTe ¢ PATHOMETPOM H TOTOBAT €0 K HIMe-
PEHHAM.

2. IposonsaT 3 H3MepeHHA CKOPOCTH CUeTa (DOHA IPONOEHTEIRHOCTEED Mo 1 nMuwH.

gn. I'pamyupvior pa,rmome*% YHM-1M mo 3TATOHHEIM HCTOTHHEAM [3-33.‘1}11::1-11«15:”(3, %o,
| PABHOBECHAA CMECE Sr(%‘f}. JHepTHA HUTYHeHHA H IepHO IOTVpaclana 3ITHX pa-
THOHVEIHIOE MpHBedeHEl B Tabn I11. «3ddekTHEHAT 3HeprHs P — 9acTHI HCTOTHHEA
g . 3HaUeHHe KOTOPOH OORIMHO HCIOMBIVIOT IPH MOCTPOSHHH KATHODOBOYMHOLO IPa-
¢ura B koopammatax K, — Eg g paBHa 1.6 M3B.

TpH 3TANTOHHEIX NPENapaTa ABIAHTCH «HHCTEIMHY [-HITY9aTeIsMH, B TO BpPeMA KAk
pacmaz Ampa “co COMNPOBOAIACTCA HCIVCEAHHEM JTBVX HECTEHX J-KBaHTOE. B 3ToM coydae
[IPH KATHOPOBKE PATHOMETPA IPOBOIAT JBA HIMEPEHHH  CHAYANA - 00Imefl CKOpOCTH CHeTa
3TaNoHHOTO Tpenapata (I ., ~=Iz*I*l;). 3aTeM - CKOpOCTH c9eTa. OOYCIOBIEHHOH Y-
H3TyIeHHeM (I sm:=I+lz). IIpH BTOpOM H3MEeDEHHH Me&EIY OKHOM JETeKTOpa H Ipelapa-
TOM MOMEINANT AMIOMHHHEBEH JHCK, TOMIIHHA KOTOPOrO PABHA (HIH HEMHOIO OOMBINE)
MAKCHMATBHOMY Ipobery B-gacTem (80-81 MIICME}. PazpocTe Me#EOV Joamy H Io:m2 COOT-
BETCTEVET CEOPOCTH CUeTa [-HUTYyIeHHA K0o0aTsTa-00.

Jn8 KEaEI0To STATOHA NPOBONAT IO 3 H3IMEPeHHA CKOPOCTH c4eta I, (Wit ®Co mo 3
HaMepeHHA [ ymy H I 3m2) TPOTOIEHTETEHOCTEY M0 1 MHH, HAXOJAT cpedHee 3HAUeHHE
(Icsm—Ig) B, cormacso (1.19; 1.26; 1.33). - morpemsocTs cpegHero m1a 95%-Hol JoBepH-
TexsHOH BeposTHOCTH. [lo dopuyne (5.2) onpegenaror kosduumenT caeta K ; 19 Kamk-
Jore 3TanoHa. OTHOCHTENBEHVID NOTPEIIHOCTE ONpedeneHHA K. ; OUEHHBAIOT, HCOONEIVA
3aKk0H HakomwreHHd (1.30), paccYHTAaHHVIO NOTPEeMHOCTE CPeIHeH CHOPOCTH CH9eTa H I0-
TPENIHOCTE ONPENENEHHA F,, 0. YKA3AHHYIO B MACIIOPTE:

= =

i _
ME e (——

.+ 0 o A, =(3, K (5.4)

Iz} ol
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[lomyaeHHEIE JaHHEIE EHOCAT B TaOul. 5.2 H, C VI£TOM MOIVICHHBIX 3HAYCHHH Az ;, CTPOAT
rpadHE 33EHCHMOCTH Ko3d(HIHEHTA CUeTa OT 3HEPTHH P-HITyIeHHA.

Tatmuma 5.2
Hysomn. F piamy. TACT/ MHH o
Ne | TEpHOT no Ha1aTy | Epmae | (Lam—da). B K, tA
O0TY- | macmopry | maMepenms | M3B | mvm/vem | 9acT/mvn - =~
pacmaga

4. Onpegensior HeQHECHPOBAHHYIO 3arpA3HEHHOCTE paboueii nopepxHocTH. 14 3TOr0. mo
COrTMACOBAHHIO C IPENONABATENeM, BRIOHparoT 2 yuacTka (mo 100200 o KAEIEL) 3a-
TpAIHEHHOH MOREPXHOCTH H ONPeJeIdoT HY [IIOINATE. ¥3HAIT, ¢ KaKHM paTHOHVITHIOM
IPOBOTHAHCE PadoTEl Ha JaHHOM pabodenM MecTe, H, HCIONLIVA MOCTPOSHHEN TrpadHk

Cre.i~Ep max. ONPETETIAIOT KO3pHIHEHT cHeTa 1A 3ToTo HyRMHAA. bByMazHEM GHIETpOM
OHAMETPOM 3-4 CM TPHAIE IPOTHPAIOT BEIIETEHHEIH VIACTOK H HIMEPAT CKOPOCTE CHETA
OHIETPa. AHATOIHYHEIM cIocofoM DepyT «Maz0K» co BTOPOTO VIACTEA. BRIMHCITIOT CHH-
MAEMYEO 3arPA3HEHHOCTE (AF,,.,. ypasHerHe 5.3). ComoCTaBIAIOT MOTyIEHHEIE PEIYIETATEL
C JAHHEIMH TaOd. 5.1 H olpeJensioT OTHOMEHHE BEIHIHHEl AFyqy K JOMYCTHMOMY VPOBHIO
IATPAIHCHHOCTH Fj;.

Tadmmma 5.3

K

Ne pabotero
MEeCTa Ha IUTaHe

(Ir..un:'fn@) ]
HIMIT MHH

Y
UACT/HMII

AF,

zape
qaCT/CM-MHEH

AF i
/F.:,

*_ JOMYCTHMAA 3arPAIHCHHOCTE
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8. TEMATUKA KYPCOBBIX PABOT

HE 3allJIaHUPOBAHO y‘leﬁHbIM IJIAHOM

9. HIEPEYEHD BOITPOCOB K 3AYETY

o n

©ooN

11.
12.
13.

14.
15.
16.
17.
18.
19.

20.

21.
22.
23.
24,
25.

26.
217.

28.

29.

30.
31.

OHeprus cBA3U HYKJIOHOB B sijpe. [Ipuunnbl HecTaOuibHOCTH aTOMHBIX siaep. Hyknuanas
KapTa.

[TonsiTie pagnoakTuBHOCTH. OCHOBHBIE THIIBI PAJMOAKTUBHBIX IIPEBPALLICHU .
CrioHTaHHOE M HEMTPOHHO-UHAYLIUPOBAHHOE JieJIeHUE siiep. PannoHykauab!l ais saepHOU
SHEPreTHKHU.

CaepxTsikenble 35eMeHThl. CrocoObl MOTy4YeHus: ¥ IPUYUHBI HECTAOMIBHOCTH.

Tunsl pagnoakTUBHBIX MpeBpalleHuH. Anb(a—pacnaj. JHEpreTHueckue CreKTpsl anbda-
U3ITy4EHUs.

Tumel pagnoakTUBHBIX MPEBPALIEHNH. beTa-pacnaj ¢ HCIIyCKaHUEM JIIEKTPOHOB.
DHepreTuyecKkue CreKTphl OeTa-u3IydeHusl.

Tunel pagnoakTUBHBIX IIPEBpalleHUH. beTa-pacnazn saep ¢ UCIyCKaHUEM ITO3UTPOHOB.
DHepreTuyeckue CreKTpbl OeTa-u3IydeHusl.

. Thrsl panoakTUBHBIX IPEBPAILCHUH. DIEKTPOHHBIN 3aXBaT. BTopu4HbIE TpoLIECCH B

aToMe, TPOUCXOIAIINE TIPH JIEKTPOHHOM 3aXBaTe.
Hcnyckanne raMmma-KBaHTOB MPU PAIMOAKTHBHOM pactiaje. M3zoMepHbie mepexoibl.
DHEPreTUIeCKre CIEeKTPhl TaMMa-N3TydeHUsI.

CroxacTH4ecKuu XapakTep paAuoaKTUBHOIO pacnaaa. Buasl pacnpeneneHuy,
ONMCBIBAIOLIME CTATUCTUKY PAIUOAKTUBHOIO PACMAa U PETUCTPALIUN U3ITyYECHHUU.
OCHOBHOM 3aKOH paJMOaKTUBHOTO pacmaja. [lepron nomypacnana. CriocoOs! onpeneecHus
nepuoja nojypacnaaa. EquHALBI H3MEpEeHNs paJuOaKTUBHOCTH.

[lenoyky paguoakTUBHBIX MpEeBpalleHU. PaqnoakTHBHbIE paBHOBECHS.

Snepnsie peakiuu. JHepreTuyeckur 3pGEeKT U IHEPTeTUYECKUU TIOPOT SACPHBIX PEaKIINH.
SAnepubie peakiuu. D dekTuBHOE ceueHne. PacueT BBIXOIOB SACPHBIX PEAKITUN.
[TonyyeHue paMOHYKINAOB C HOMOUIBIO SIEPHBIX PEAKLIUHU 110 IEUCTBUEM 3aPSAKEHHBIX
YacTHLI.

SnepHble peakuuu Moj IeUCTBUEM HEUTPOHOB. [losydeHne paquoHyKINIOB € IOMOIIBIO
Pa3JIMYHBIX UCTOYHUKOB HEUTPOHOB.

[IpuMeHeHue s1epHBIX peaKUK U COBPEMEHHOUW YHEpreTuKe. Peakuny neneHus u peakuuu
HYKJIEOCHHTE3A.

B3aumonencTBre MOHU3UPYIONIUX U3IIYYCHUH ¢ BellecTBOM. D(eKThl, COMPOBOKAAIOIINE
MPOXOXKACHUE U3TYyYEHUs Yepe3 BELECTBO.

BsaumonencrBue anbda-yactui ¢ BemectBoM. [Ipober anbda-yactuil B BeecTse.

Kpusas bparra.

BsaumonencrBue 6era-uactull ¢ BemectBoM. Ocnabnenne OeTa-u3mydeHus.
BiaumonencTBue 6eta-yacTull ¢ BelecTBoM. TopMo3Hoe u3itydeHue. YepeHKoBckoe
W3IIy4YeHHE.

MexaHu3Mbl B3aUMOJEUCTBUS FaMMa-NU3JIy4€HHsI C BEIIECTBOM.

BsaumonencTBue raMma-u3nydenus ¢ BemectBoM. Ocnabnenne ramma-u3aydeHus
Pa3IMYHBIMU MaTepHUAIAMH.

OO1as XxapakTepuCTUKa METO/I0B PETUCTPALIMY HOHU3UPYIOIIUX U3ITYIeHUH. TUTIBI
JETEKTOPOB.

Perucrpanus HOHU3UPYIOMINX U3IYyYeHU . BiiusHUe CBOUCTB paIMOHYKIN/IA U YCIIOBUH
W3MEPEHUU Ha BEIMUYUHY PETUCTPUPYEMOU aKTUBHOCTH.

["a30BbI€ MOHM3ALIMOHHBIE IETEKTOPHI.

Mertoapl perucTpalui raMMa-u3iydeHus. I'aMMa-crneKTpoMeTpus.
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32.

33.

34.

35.

36.
37.

38.

39.

40.

Peructpanus anbda- u 6eTa-u3nydeHUH ¢ MOMOIIBIO KUJIKOCTHOW CIMHTUIUIAIIMOHHOU
CIIEKTPOMETPHH.

Pu3n4ecKue U XUMHUYECKHE MOCIEACTBUS BO3ACUCTBUS HOHU3UPYIOLIETO U3JIYYECHHUS C
BelecTBoM. Pannonus BoabL.

JlerCTBHE MOHU3UPYIOLINX U3JyYEHUN Ha J)KMBbIE Opranu3mbl. HeratuBHbie 3 GeKThI
obmydenwus. Bzaumocs3b a3 hekr—mo3a.

[onsitne no3a obmydenus. J{o3bl, XapaKTepU3YIOIIHE HEMOCPEICTBEHHO HOHU3UPYIOIIHIE U
KOCBEHHO MOHHU3UPYIOLIUE U3ITY4YCHHUS.

[ornomennas no3a. Enuanel m3meperns. CrocoObl onpeneneHusl.

Kepma. Okcnozuninonnas no3a. Enqununsl namepenus. CBsi3b MeX/1y HOHU3ALMEH BO3/lyXa
raMMa-u3JIydeHHEeM M MOTJIONIEHHOU 10301 B OMOJIOTHYECKOH TKaH!

J103a OT TOYEYHOTr0 HCTOYHUKA CO CJIOKHBIM COCTaBOM ramMma-usiydeHus. Kepma-
ITOCTOSTHHAS.

OKBUBaJEHTHAs U dPPeKTUBHAS 03bl. JJOyCTUMBIE YPOBHU OOJIyU€HUS U1 Pa3IMuHbIX
KaTerOpUU HACEJICHHUSL.

3amnTa OT MOHU3UPYIOIINX U3JTYYEHUH. 3aluTa BpEMEHEM, PACCTOSHUEM, C
HCII0JIb30BaHMEM PKpaHOB. Pacyer 3auuThl OT BHENTHEro 6eTa- U raMMa-u3Iy4eHus.
[IpuHIMMEL, JeXkalire B OCHOBE paJualiioHHOU 3amuThl. [IpaBuna paboTsl ¢
pPaaoOaKTUBHBIMU BEIIECTBAMMU.

HazBanmue pa3aeiioB u

Oo0neM B
yacax

Buja camocTosiTe1bHOI padoThl ®Dopma KOHTPOJIS

TEM

Paznen 1. Xumuueckas TepMogrHaAMHUKA

Pasnen 1. PaanoakTMBHOCTE

Tema 1. Pa3zButne
MpEJICTaBICHUN O

[IpopaboTka yueOHOTO MaTepuraa
C HCIIOJIb30BaHHEM PECYpPCOB

1 YCTHBIH OTpoC,
TECTHPOBaHUE, BKIIIOYCHUE

PalMOAKTHBHOCTH | y4eOHO-METONYECKOTO H BOIIPOCOB Ha 3a4eTe
nH(pOpMaIMOHHOTO 0OecIeueHus
JIMCIUTUIAHBL,
[ToaroToBka k ciaue 3a4era
Tewma 2. [IpopaboTka yueOHOTO MaTepuraa 1 YCTHBIH OIpOC,
PagroakTuBHBIN C HMCIIOJIb30BaHHEM PECYpPCOB TECTHUPOBAHUE, BKIIIOYCHUE
pacmaj y4eOHO-METOINYECKOTO H BOIIPOCOB Ha 3a4eTe

nH(pOpMaIMOHHOTO 0OecIIeueHuUs
JIMCIUTUIAHBI,
[MoaroroBka k ciaue 3a4era

Tema 3. 3akoH
PaIOaKTHBHOTO
pacrnaja

[IpopaboTka yuebHOrO MaTepuana
C HCIIOJIb30BaHHEM PECYpPCOB
y4eOHO-METOIUYECKOTO U
UH(POPMALIMOHHOTO 00ecTeueHHs
JUCIUTLINHBI;

IToaroroBka k ciaye 3adera

1  |ycTHBIii ompoc,
TECTUPOBAHUE, BKIIOYCHUE
BOIPOCOB Ha 3a4eTe

Pazgen 2. BaumoielicTBrE U3Ty4EHUS C BEILIECTBOM
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Tema 4. [IpopaboTtka yueOHOTO MaTepuana 1  |ycrtHBIi onpoc,
B3aumopericTue C MCIIOJIb30BaHHEM PECYPCOB TECTUPOBAHNE, BKIIOUCHHE
Pa3IUYHBIX BUJIOB  |y4eOHO-METOUYECKOTO U BOIIPOCOB Ha 3a4eTe
M3ITyYeHUS C UH(POPMAITMOHHOTO 00eCTIeUeHUs
BEIIECTBOM JUCIIUTUIAHEI;

[ToaroToBka k ciaue 3adera
Tema 5. CnocoOsr  |IIpopaboTka yaeOHOTO MaTepuaia 1 YCTHBIH OIpoC,
JCTEKTHPOBAHUS C MCTIOJIH30BAaHUEM PECYPCOB TECTHPOBaHNE, BKIIIOYCHUE
MOHU3UPYIOIIHX y4e0HO-METOIUIECKOTO H BOTIPOCOB Ha 3a4eTe
W3TyYEHUN MH(POPMAITMOHHOTO 0OecTIeueHus

JUCTIUTUIAHEI;

[ToaroToBka k ciaye 3adera
Pa3nen 3. Paguannonnast 6e30nacHOCTh
Tema 6. [IpopaboTka yuebHOrO MaTepuana 1  |ycTHBIil ompoc,
Bo3sgeiictBue C UCIIOJIb30BAaHUEM PECYPCOB TECTUPOBAHNE, BKIIFOUCHHE
W3ITydeHUs Ha y4eOHO-METOINIECKOTO H BOTIPOCOB Ha 3a4eTe
YKUBBIE OPTaHU3Mbl |MH(POPMAIMOHHOTO OOecTieueHus

JCIUTUTAHEI;

ITonroToBka K cjadue 3adeTa
Tema 7. Bxnan [IpopaboTka yueOHOTO MaTepuraa 1 YCTHBIH OTpOC,
Pa3IMYHbIX C UCMOJIb30BaHUEM PECYPCOB TECTUPOBaHUE, BKIIOUECHHE
(hakTOpOB B 103y y4e0HO-METOAMYECKOTO 1 BOIIPOCOB Ha 3a4eTe
00TydeHust MH(POPMAITMOHHOTO 00eCTIeUeHHUS

JUCLUTUINHBI;

IloaroroBka x ciadue 3aueTa
Paznen 4. PannoakTMBHOCTD OKPYXAIOIIECH Cpebl
Tewma 8. [IpopaboTka yueOHOTO MaTepuraa 1 YCTHBIH OIpOC,
Knaccudukanus C UCMOJIb30BaHUEM PECYPCOB TECTUPOBaHUE, BKIIOYCHHE
PaAMOHYKIUJIOB M0  |y4eOHO-METOUYECKOTO U BOIIPOCOB HA 3aueTe
UX MPOUCXOXKICHHUIO | THPOPMAIIMOHHOTO 00ecTeueHus

JUCIUTINHBI;

[ToaroToBka k crave 3adera
Tema 9. [IpopaboTka yuebHOrO MaTepuana 1 YCTHBIH OTpoC,
TexHnoreHnnsie C HCTOJIb30BaHUEM PECYPCOB TECTUPOBaHUE, BKIIOUCHHE
PaMOHYKITUIbI y4eOHO-METOIUYECKOTO U BOIIPOCOB HA 3aueTe

nH(pOpMaIMOHHOTO 0OecIeueHuUs
JUCIUTLINHBI;
[ToaroToBka k crave 3adera

Paznen 5. SAnepHeie p

CaKIUU U IMPOU3BOACTBO PAIHOHYKIINIOB

Tema 10. Anepusie
peakuuu

[IpopaboTka yuebHOTO MaTepHaa
C MCTOJIb30BaHUEM PECYPCOB
y4eOHO-METOIUYECKOTO U
MH(OPMAIIMOHHOTO 00ECTICYSHHSI
JUCIUTINHBI;

[ToaroToBka k crave 3adera

1

YCTHBIH OIIpOC,
TECTUPOBAHUE, BKIIFOUCHHE
BOIIPOCOB HA 3a4€Te
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Tema 11. [IpopaboTka yuebHOTO MaTepuana YCTHBIH OIpoC,
[Tomy4yenue C MCIIOJIb30BaHHEM PECYPCOB TECTUPOBAHNE, BKIIOUCHHE
PEaKTOPHBIX y4e0HO-METOIUYECKOTO U BOIIPOCOB Ha 3a4eTe
PaTMOHYKITUIOB UH(POPMAITMOHHOTO 00eCTIeUeHUs

JUCIIUTUIAHEI;

[ToaroToBka Kk ciaye 3adera
Tema 12. [IpopaboTka yuebHOTO MaTepuana YCTHBIH OIpoC,
PagnoHyKIHIHBIE  |C HCIIOJIB30BAHHEM PECYPCOB TECTUPOBAHUE, BKIIOUCHHE
TeHEPATOPHI y4e0HO-METOIMIECKOTO H BOIIPOCOB Ha 3a4eTe

MH(OPMAIIMOHHOTO 00eCTIeUeHH S

TV CIUTUIAHEI;

[ToaroToBka k craye 3adera

Paznen 6. [IpuMeHeHune paguoHyKINIOB

Tema 13. Ilousarue o
SIIEPHON MEAUIIMHE

[IpopaboTka yuebHOrO MaTepuana
C HCIIOJIb30BaHUEM PECYPCOB
y4e0OHO-METOINYECKOTO U
MH(OPMAIIMOHHOTO 00eCTIeYeHH S
JIMCIUTUTAHBL,

ITonroToBka K cjaade 3adeTa

YCTHBIH OIpoC,
TECTUPOBAHUEC, BKIIFOUCHUC
BOIIPOCOB HA 3a4€Te

Tema 14. OcHOBEI
METO0J1a
PaIOaKTUBHBIX
WHIIUKAaTOPOB

[IpopaboTka yueOHOTO MaTepuraa
C UCMOJIb30BaHUEM PECYPCOB
y4e0HO-METOAMYECKOTO 1
MH(POPMAITMOHHOTO 0OeCIIeUeHHUs
JUCLUIUINHBI;

IloaroroBka x ciadue 3aueTa

YCTHBIN OIpOC,
TECTUPOBaHUE, BKIIOUECHHE
BOIIPOCOB Ha 3aueTe

Paznen 7. OCHOBBI sAJIepHOM SHEPTETUKHI

Tema 15: SAnepHbiii
TOILJIMBHBIH ITHAKII.
YcerpoicTBo
ATOMHBIX PEAKTOPOB

[IpopaboTka yueOHOTO MaTepuraa
C HCIIOJIb30BaHHEM PECYPCOB
y4eOHO-METOINIECKOTO H
nH(pOpMaIMOHHOTO 0OecIIeueHUs
JMCIUTUIAHBI,

[MoaroroBka k ciaue 3adera

YCTHBIU OIpOC,
TECTUPOBaHUE, BKIIOYCHHE
BOIIPOCOB HA 3aueTe

Tema 16.
[TepepaboTka
00JTy4eHHOTO
TOIUTUBA

[IpopaboTka yuebHOrO MaTepuana
C HMCIIOJIb30BaHHEM PECYpPCOB
y4eOHO-METOINYECKOTO H
nH(pOpMaIMOHHOTO 0OecIeueHuUs
JUCIUTLINHBI;

[ToaroToBka k crave 3adera

YCTHBIH OIpoc,
TECTUPOBaHUE, BKIIIOYECHUE
BOIIPOCOB HA 3a4eTe

10. YHEBHO-METOANUYECKOE U HTH®OOPMAIIMOHHOE OBECIIEYEHUE

JUCIUIIVINHBI

a) CniuCcoK peKOMeHyeMoil JINTepaTypsbl

OcHoBHAA :

®opma A
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1. HaBbinos, 0. I1. OcHoBBI pagnoxumun : yueoHoe nocobue / FO. I1. JlaBbigoB. — MUHCK :
Bermmiimas mkona, 2014. — 319 ¢. — ISBN 978-985-06-2395-9. — Tekcr : 371eKTpOHHBIH //
DNEeKTPOHHO-OUOINOTeUHAS cucTema IPR  BOOKS : [caliT]. — URL:

https://www.iprbookshop.ru/35519.html

2. Mapxouxkuii, 5. JI. OCHOBBI paualiiOHHON 0€30MaCHOCTH HaceleHHs : yueOHoe nocobue / S
JI. Mapxoukuii. — MuHck : Beimmiimas mkona, 2011. — 224 ¢. — ISBN 978-985-06-1962-4.
— Texkcr : anekTpoHHBIN // DeKTpoHHO-O0nOmoTeunas cuctema IPR BOOKS : [caiiT]. — URL:
https://www.iprbookshop.ru/20110.html

3. bexman, . H. Pammoxumusa B 2 1. T. 1 dyHaaMeHTampHas paguoXvUMHs : Y4eOHUK U
npakTukyMm i By3oB / U. H. bekman. — Mocksa : U3narensctBo FOpaiit, 2020. — 473 ¢. —
(Beicmee oOpazoBanme). — ISBN 978-5-534-04180-4. — Tekct : 2JIEKTPOHHBINA //
OopazosarenbHas iathopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/450184

4. bexman, . H. Paguoxumus B 2 1. T. 2. IlpuknaaHasg paguoxumus ¥ pagualiOHHas

0€30macHOCTh : Y4eOHUK U TpakTukyM 1js By30B / M. H. bekman. — MockBa : U3garenbcTBo
Opaiit, 2020. — 386 c¢. — (Bricmee obpazoBanme). — ISBN 978-5-534-04182-8. — Tekcr
anekTpoHHeld  //  OOpazoBarenbHas  1uarpopma  FOpaiit  [canit]. —  URL:

https://urait.ru/bcode/450473

JdonmosiHuTe/IbHAS JIUTEpPATypa

1. OcHoOBBI paauvanMoHHOTO KOHTpousid. IIpakThka oTOOpa WM MOArOTOBKM NHpod : ydeOHOe
nocooue / II. B. Martoxun, P. H. Scrpebunckuii, JI. B. [enucora [u np.]. — benropon :
benropoackuii rocygapcTBeHHbIN TexHOJIOrnyeckuii yauusepcutet um. B.I'. [llyxoBa, 9bC ACB,
2017. — 153 c. — ISBN 978-5-361-00541-3. — TekcT : 37EKTPOHHBIA // DIEKTPOHHO-
oubmmoreunas cucrema IPR BOOKS : [caiir]. — URL.: https://www.iprbookshop.ru/80519.html
2. T'epramos, B. 1. Pagmoxumus : yueOHO-MeToamueckoe mocodme : B 2 dactax / B. U.
I'eprasioB. — Mumnck : BI'Y, 2017 — Yacts 2 : Mcnonbs3oBaHuEe paguoU30TOIOB JIJIsi PEUICHUS
npaktuueckux 3amad — 2017. — 119 c¢. — ISBN 978-985-566-405-6. — Tekcr :
ANIEKTPOHHBIN // Jlanb : ANIEKTPOHHO-OMOIMOTEYHAS cucrema. — URL.:
https://e.lanbook.com/book/180646

YyeoHo-mMeToau4ecKas
1. Tlomonwckas 3. B. Pagmoxumusi : METOIWYECKHE yKa3aHUS CaAMOCTOSITEIBHOU DPabOTHI
OakanaBpoB HampapieHus noarotoBku 04.03.01 Xumwus / 3. B. Tlomonbckas; Yul'V,
Okoin. ¢dak. - YapsHoBek @ Yal'V, 2019. - 12 c. - Heony6nukoBanHslii pecype. - URL:
http://lib.ulsu.ru/MegaPro/Download/MObject/10922 . - Pexxum nocryma: 3bC Yul'V. -
TekcT : 3NEeKTPOHHBIN.

CornacoBaHoO:

/)

Hauanenuk otnena Hb Yal'Y  /OxyneBa UL A/~ /f~/f-—/
JIO/KHOCTB COTPY/IHMKA HAY4YHOIH OMOIMOTEKH OUO Aoammes  10.06.2021

0) mporpaMMHOe oOecrieueHue
1. Microsoft Office
2. OC Windows Professional
3. Adxtumiaruar BY3

B) IIpodeccuonaibHbIe 6a3bl JaHHBIX, THPOPMALMOHHO-CIIPABOYHbIE CHCTEMBI
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1. DeKTpOHHO-OMOIMOTEYHBIE CUCTEMBI:

1.1. IPRbooks : snexTpoHHO-OMOIMOTEUHAs cucTeMa : caiT / rpynma komnanuid A [Tu
Ap Meaua. - Caparos, [2021]. — URL: http://www.iprbookshop.ru. — Pexum mocryma: mis
3apEruCTPUP. MOJIb30BaTENEH. - TEKCT : AIEKTPOHHBIN.

1.2. IOPAUT : snexTpoHHO-6uGmMOTeuHas cuctema : caiit / OOO DiekTpoHHOE
usnarenscTeo FOPAMT. — Mocksa, [2021]. - URL: https://urait.ru. — Pesxum nocryma: s
3apEruCTPUP. MOJIb30BaTENEH. - TEKCT : ANEKTPOHHBIN.

1.3. KoHCynbTaHT CTyIeHTa : OJIEKTPOHHO-OMOMMoTewyHnas cuctema : cat / OOO
[Momutexpecype. — Mockpa, [2021]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. —
Pexxum noctyma: aiist 3apeructpup. nojab3oBareneil. — TEeKCT : 3eKTpOHHBIM.

1.4. KoHcynbTaHT Bpaya : 2JIEKTpOHHO-O0MOIMoTeuHas cucrema : cailt / OOO Beicmias
IIKOJIA OpPraHu3alMi W  YIOPaBJIEHUA 3ApaBOOXpaHEHUEM-KOMIUIEKCHBIA  MEIUIIMHCKHUN
KoHcanTHHr. — MockBa, [2021]. — URL: https://www.rosmedlib.ru. — Pexwum noctyma: mis
3apEruCcTPUp. MOJb30BaTeNen. — TEKCT : ANEKTPOHHBIN.

1.5. bonpirast MmenuuHCKass OMOIMOTEKA : AJIEKTPOHHO-OMOIMOTEYHAS CHCTEMa : CalT /
OOO byxkar. — Tomck, [2021]. — URL.: https://www.books-up.ru/ru/library/ . — Pexxum mocrtyma:
JUISL 3apETUCTPUP. MOJIb30BaTeNeh. — TEKCT : 3IIEKTPOHHBIM.

1.6. Jlanp : snexktpoHHO-OMOMHoTeuHas cucrema : cadT / OOO OBbC Jlawp. — CaHKT-
[etepoypr, [2021]. — URL: https://e.lanbook.com. — Pexxum goctyma: i 3aperucTpup.
MOJIb30BaTeNed. — TEKCT : AJEeKTPOHHBIN.

1.7. Znanium.com : 3aeKTpOHHO-OMOIHOTeYHas cuctema : cait / OOO 3HaHHyM. -
Mocksa, [2021]. - URL: http://znanium.com . — Pexum mocTyma : Ui 3aperucTpHp.
MOJIb30BaTeNen. - TEeKCT : ANEKTPOHHBIN.

1.8. Clinical Collection : komjmekuusi Il MEIUIMHCKAX YHHUBEPCUTETOB, KIWHUK,
MEIHITUHCKUX OMOIHOTEK /l EBSCOhost : [mopTan]. - URL.:
http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-414b-8763-
£97828f9f7e1%40sessionmgrl02 . — Pexxum qocTyma : A aBTOPHU3. MoJib3oBaTecit. — Teker :
3JIEKTPOHHBIN.

1.9. Pycckuii s3bIK KaK WHOCTPAHHBIN : 3JIEKTPOHHO-0Opa30BaTEIbHBIN pecype Ui
HHOCTpaHHBIX cTyaeHToB : caiit / OO0 Kommnanus «Ai ITu Ap Memaua». — Caparos, [2021]. —
URL: https://ros-edu.ru. — Pexxum ngoctyma: [UIs 3aperucTpup. mosnb3oBareneid. — Tekcr :
3JIEKTPOHHBIN.

2. KoncyabstanTllimioc [DnexkTpoHHBINH pecypc]: cpaBoyHas mpaBoBas cuctema. /OO0
«KoncynpranT [lmtoc» - DnexktpoH. naH. - Mocksa : Koncynerantllimtoc, [2021].

3. ba3bl JaHHBIX NEPUOAUYECKUX HU3TAHUIN:

3.1. ba3za naHHBIX MEPHOIMYECKUX U3TaHUH : 3nekTpoHHbIE )ypHansl / OO0 UBUC. -
Mocksa, [2021]. — URL: https://dlib.eastview.com/browse/udb/12. — Pexxum poctyma : uis
aBTOPU3. NOJIB30BATENEN. — TEKCT : DJIEKTPOHHBIN.

3.2. eLIBRARY.RU: nayunas snektponHas Oubnuoteka : caidt / OOO Hayunas
OnekrponHas bubmuoreka. — Mocksa, [2021]. — URL: http://elibrary.ru. — Pexxum mocryna : amst
aBTOPU3. MOJIB30BATENIEN. — TEKCT : DJIEKTPOHHBIN

3.3. «Grebennikony : anextponnas 6ubauotexa / U] I'pebennukoB. — Mocksa, [2021]. —
URL:  https://id2.action-media.ru/Personal/Products. — Pexum poctyma : amus aBTOpH3.
M0JIb30BaTeNel. — TEKCT : JIIEKTPOHHBIM.

4. HaunuonajabHasi JJIeKTPOHHAasE OuOJHMOTeKa : DIEKTpOHHas OubIMOoTEeKa
(denepanbHas rocyaapcTBeHHas WH(GOPMAIMOHHAs cucTeMa : CalT / MUHHCTEPCTBO KYIbTYPHI
P® ; PI'b. — Mockga, [2021]. — URL: https://H36.pd. — Pexxum moctyna : ans mojib30BaTenei
Hay4YHOH OnbIMoTeKu. — TeKCT : 3JeKTPOHHBIM.
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5. SMART Imagebase 1 EBSCOhost : [mopra]. - URL:

https://ebsco.smartimagebase.com/?TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum poctyma : JUis aBTOPH3.
nojb3oBareneil. — M3o0paxkeHue : 3IeKTPOHHBIE.

6. ®enepasbHble HHPOPMANIMOHHO-00pa30BaTe/IbHbIE MOPTAJIbI:

6.1. EnnHoe OKHO JiocTyma K 00pa3oBaTelbHBIM pecypcam : QenepalbHbIi mopran /
yupeautens ®IAOY OO HPI'OIl m UT. — URL: http://window.edu.ru/ . — Tekcr :
JJIEKTPOHHBIH.

6.2. Poccwuiickoe oOpazoBanme : (enepanpHbld moptan / yuapeaurear OIAOY 1O
LPT'OIT u UT. — URL.: http://www.edu.ru. — TekcT : 31eKTpOHHBIH.

7. Oopa3oBatesbHble pecypebl Yal'y:

7.1. Dnextponnass 6ubnuoreka Ynl'Y : moayne ABUC Mera-ITPO / OO0 «Jlata
Dkempece». — URL: http:/lib.ulsu.ru/MegaPro/Web. — Pexum moctyma : i mojb3oBaresien
Hay4yHOU OMOInoTeku. — TEKCT : 3JeKTPOHHBIM.

CornacosaHo: T

3am.Hau. YUTuT Knoukosa AB. |/ A/ /77 / 17.06.2021
JomkHocth corpyanuka YU TuT OUO HOJIIHNCH JlaTa
10 MATEPUAJIBHO-TEXHUYECKOE OBECIIHEYEHHUE HAYYHO-

UCCJIEJJOBATEJbCKOM PABOTHI

Vyebnast aymutopust 216 mns mpoBeneHHs] JaOOPATOPHBIX 3aHATHH J1aOOPaTOPHOTO
TUMNA, TPYNMNOBBIX U UHAMBUAYAJbHBIX KOHCYIbTAIMi, TEKYILEro KOHTPOJS U
MPOMEXKYTOYHOM arrecTanmu (C  HAOOpOM JEMOHCTPAIIMOHHOTO OOOpPYAOBAHHUS IS
ofOecrieueHUs TEMAaTUYECKUX WJUIIOCTpAllMii B COOTBETCTBUU C paboueld mporpaMmoit
muciuiInHbl).  [ToMernieHne yKOMIUIEKTOBAHO —CIEIHAIM3MPOBaHHOM MeOenpto Ha 18
MOCAI0YHBIX MECT W TEXHUYECKUMHU CpPEICTBAMHU: JKpPaH HACTEHHBIM, JOCKa ayAUTOpPHAs.
Pabouee mecto npenonasarens, WI-FI, uatepuer. [Lnomans 43,65 kB.M.

YyeOHast ayiuTOpHs IJIs1 CaMOCTOSATEIbHON padboThl cTyaeHToB 230 ¢ noctynom k OBC.
JUIs  CaMOCTOSITENIbHOW  paboThl  cryaeHtoB, Wi-Fi ¢ moctymom k OHOC, DOBC.
KoMmbroTepHblii  KJ1acc YKOMIUIEKTOBAHHBIM —CIEUATM3UPOBAHHON Mebenplo Ha 32
MOCAJIOYHBIX MECT U TEXHHYECKHMMH cpeactBamMu oOydenus (16 mepcoHalbHBIX
KOMITIBIOTEPOB) ¢ AocTynoM Kk cetu «Murepuer», JUOC, OBC. [Tnomans 93,51 xB.Mm.

UwuranpHelii 3a1 HaydyHOU OnOIMoTekH (ayautopus 237) ¢ 30HOM Ui CaMOCTOSITENLHOM
padote, Wi-Fi ¢ gocrymom k OHOC, DOBC. Ayautopuss yKOMIUIEKTOBaHA
crenranu3upoBaHHod MeOenbto Ha 80 TMOCaJOYHBIX MECT U OCHAIEHAa KOMIBIOTEPHOI
TEXHUKOHU ¢ pocTynoM k cetn «MHTeprer», DUOC, ObC, skpanom u npoekropom. Ilnomane
220,39 xB.M.

11 CITIEOUAJBHBIE YCJOBUSA 1JISd OBYYAIOLIUXCSA C
OI'PAHUYEHHBIMHA BO3SMOXHOCTAMMU 31I0POBbBSA (OB3) U
WHBAJIUIOB
OoOyuarormmecss ¢ OB3 W WHBaIMIBI TPOXOIAT MPAKTUKY COBMECTHO C JAPYTHMMHU
oOyyaromumucs (B ydueOHOUM Tpymnmne) WIM HHIUBUAYaIbHO (IO JIMYHOMY 3asiBJICHUIO
oOyuarorierocs).
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Omnpenenenre MeCT MPOXOXKICHUS MPAKTUKK JUisi oOydaromuxcs ¢ OB3 u uHBanmmumoB
OCYIIECTBISIETCA C YYETOM COCTOSIHUS 370POBBS U TPEOOBAHUM K MX JOCTYITHOCTH JJIsl TAaHHOH
Kateropun oOyuatommxcs. [Ipu ompeneneHnr MecT M yciaoBHH (¢ y4€TOM HO30JOTHYECKOU
IpyNnbl YU TPYNIbl  WHBAIUAHOCTH  OOy4aromlerocs) MNpOXOXAECHHS  y4eOHOH U
IIPOM3BOJICTBEHHOM MPAKTUK JUIs JAHHOW KAaTEeropuu JIML YYUTHIBAIOTCS WHIUBUYyaJbHbIE
0COOEHHOCTH OOyJaroImUXCs, a TaKkKe PEKOMEHIAIMA MEIUKO-COIMAIbHON OSKCIEPTU3bI,
OTpa)XCHHbIE B UHIUBUYaIbHON NPOrpaMMe peaduINTalui, OTHOCUTEIbHO PEKOMEH0BAHHBIX
YCIIOBUH U BUJOB TPya.

[Ipn omnpeneneHun mecra npakTuku i oOydaromuxcsi ¢ OB3 u uHBanumoB ocoboe
BHUMaHUE yJensieTcss 0€30MacHOCTH TpyJa U OCHaImleHuio (000pyJdoBaHHIO) pabouero Mecra.
Paboune mecTta Ha MpakTUKy NMPEAOCTABISIOTCS NPO(UIBLHON OpraHu3aliel B COOTBETCTBUU
CO CIIEAYIOIIMMH TPEOOBaHUSAMU:

—  aasa odyvyaommxcss ¢ OB3 v uHBaJNI0B 1O 3peHHI0 - CIA00BHASIIIMX: OCHAIICHHE
crenuagbHOro pabodyero Mecra OOMMM M MECTHBIM OCBEIICHHEM, 00ecleyrBaIOIIIM
OecrpensITCTBEHHOE HaX0K/IE€HUE YKa3aHHBIM JIMI[OM CBOEro paboyero MecTa U BBINOJIHEHHE
MHIUBUAYAIBHOTO 3a/IJaHUS; HAJIMYME BUICOYBEIMUNTENEH, JTyI;

— A odyyawmuxes ¢ OB3 M HMHBAIMAOB 10 3pPEHMI0 - CJENbIX: OCHAICHHE
CHelHaIbHOTO paboyero Mecra THQPIOTEXHUYECKMMH OpPUEHTUpPAMHU M YCTpOMCTBamH, C
BO3MOXHOCTBIO HCIIOJIB30BAHUSI KPYIHOTO penbe(HO-KOHTpACTHOrO wmpudra u mpudta
Bpaiins, aKyCTUYECKUMU HaBUTAIIHOHHBIMU CpelCTBaMH, obecrneynBaroIMMH
OecIpensITCTBEHHOE HaX0)K/I€HUE yKa3aHHBIM JIMIIOM CBOEro pabodyero Mecra M BBINOJHEHHE
WHIUBUAYAIBHOTO 3aJaHUS;

—  nag odyyaromuxca ¢ OB3 n uHBaIMAOB MO CIYyXy - ¢Ja0OC/BIIIAIMX: OCHAIICHUE
(obopynoBanue) cCHenuagbHOTO  pabouyero MecTra 3BYKOYCHJIMBAIOUIEH — ammapaTypowu,
TenedoHaMHu JUTsl CJIa00CITBITIAIINX;

— 1 odyyawmuxcsa ¢ OB3 u MHBaJIUI0B MO CJIYXY - TJIyXHX: OCHAIICHHUE CIEINAIBHOTO
paboyero mecrta BHU3yaJbHBIMH HHAWKATOpPAMH, MPEOOpa3yIOUMMU 3BYKOBbIE CHTHAJbl B
CBETOBBIEC, DPEUYEBbIE CUTHAJIBI B TEKCTOBYIO OETYIIYIO0 CTpPOKY, Uil OECHpensTCTBEHHOTO
HAX0XJICHUSA YKa3aHHBIM JIMIIOM CBOEro paboyero MecTa W BBHIMOJIHEHUS WHIUBUAYAIbHOTO
3a/laHus;

—  aasa odyyaromuxcss ¢ OB3 u uHBaIMA0B ¢ HapymeHueM (YHKUMHA OIOPHO-
ABUIaTEJbHOI0 ammapara: o0opyaoBaHHe, 00ECIeUHBAIOIIEe PEeaTU3alUui0 IPrOHOMUYECKUX
MPUHIIUIOB (MaKCUMAJIBHO YI0OHOE Ui MHBAIM/IA PACIIOJIOKEHUE 3JIEMEHTOB, COCTaBIISIOLINX
paboyee MeCTO); MEXaHHU3Mbl W YCTPOICTBA, MO3BOJSIOUIME H3MEHSATH BBICOTY M HAKJIOH
paboyeil MOBEPXHOCTH, IMOJIOKEHHUE CHACHbSI pabo4yero CTyla MO BBICOTE M HAKIIOHY, Yol
HaKJIOHA CIMHMHKH paboyero CTyla; OCHAIlEHHWE CHEIHalbHBIM CHIIEHBEM, O00eCIeunBaIOIUM
KOMIICHCAIMIO YCWIIUS TIPU BCTABaHUU, CIICIUATBHBIMU MPUCTIOCOOICHUSAMU I YIIPaBICHUS U
o0cyKUBaHUs ATOr0 000PYyI0BAHUSI.

YcinoBust opraHuzaliMd ¥ MPOXOXKIACHHUS MPAKTUKH, MOJTOTOBKM OTYETHBIX MAaTepHalloB,
MIPOBEACHUS TEKYIIEro KOHTPOJIS M MPOMEXKYTOUHOM aTTeCTallMy 110 MPaKTHKE 00eCIeunBatoTCs
B COOTBETCTBUU CO CIEIYIOLUIUMH TpeOOBAHUSAIMHU:

— OObem, Temn, (GOpMBI BBINOJHEHUS WHIUBHUYAJbHOTO 3aJaHHUs Ha IEPHUOJ IPAKTHKH
YCTaHaBJIMBAIOTCSl MHAWBUIYAJIBHO JJIS KaXJIOro 0oO0ydarollerocst ykasaHHbIX KaTeropuil. B
3aBHCUMOCTH OT HO30JIOTUM MAaKCHUMaJbHO CHIXKAIOTCA MPOTHBOIOKAa3aHHbIE (3pUTEJIbHBIE,
3BYKOBBI€, MBIIIEYHbIE U Ip.) HArpy3KH.

—  VYyeOHble U y4eOHO-METOJUYECKHME MaTepuanbl MO MpPAaKTUKE MPEACTABISAIOTCS B
pa3nuuHbIX Qopmax Tak, yToObl oOywarouuecs ¢ OB3 u MHBanmuabpl ¢ HapyHmICHUAMH CIyXa
MOJTy4aiay MH(POPMALUIO BU3YaJbHO (JOKYMEHTAIMs MO MPAaKTUKE IeYaTaeTcs yBEIMYCHHBIM
mpudTOM; TMPENOCTABISAIOTCA BHUAEOMATEpUaANbl U HAarJsAHbIE MaTepuajbl 0 COJCPKAHUIO
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IIPaKTUKHU), C HAPYLIEHUSIMH 3pEHUSl — ayAMaJbHO (HAIpHUMeEp, C HUCIOJIb30BAHUEM MPOTrpaMM-
CHHTE3aTOPOB PEUM) UM C IOMOUIBIO THU(HIOMHPOPMALIMOHHBIX YCTPOUCTB.

—  @opMa npoBeACHUS TEKYLIErO0 KOHTPOJS YCIIEBAEMOCTH M IIPOMEKYTOYHOM aTTecTaluuu
st oOyvaromuxcsi ¢ OB3 ¥ WMHBaNMIOB yCTAaHABIMBACTCS C YYETOM HHIMBHyaTbHBIX
NCUXO(PHU3NUECKUX 0COOCHHOCTEH (YCTHO, MHUCBMEHHO, NMPH MOMOIIM KOMIIBIOTEPa, B (opme
TecTupoBaHus U T.1.). [lpm HeoOxomumoctu  oOyuarouemycs IIPEAO0CTABIIIETCS
AOIMOJITHUTECIIBLHOC BPEMS AJId IOATOTOBKHU OTBCTA U (I/IJH/I) 3alllUThI OTUCTA.

PazpaboTunk: P / i / ___nouedt 3.B. Ilomgomsckas 16.06.21

®opma A Crpannna 59u3 59



MHuUHHCTEpCTBO HAyKH H BEICIIEro oOpa3oBanus PO Dopma
Y I1bSTHOBCKMI TOCY1apCTBEHHbIH YHUBEPCUTET
@ - Pabouast nporpamMma JMCLUIUINHBI

JUCT USMEHEHUI
Ne n/m Coaepxanne DUO 3aBeaymoniero Moanucs Jara
U3MEHEeHH s MU kadenpoii, peajnsyromei
CCBLIKA Ha AUCUUILIMHY/BBINMYCKAIOIIEi
npujaaraemMbli kadeapoi
TeKCT U3MEHEHHs
1 Buecenue Llponwy O.1O. : 31.08.2022
W3MEHEHUH B II.I1. B)
[IpodeccnonansHbie
0a3nl JaHHBIX,
WHPOPMALTUOHHO-
CIPaBOYHEIE
cuctemsl 1. 11
«YuebHo-
METOAMYECKOE U
nH(pOpMAITHOHHOE
oOecrieueHue
JUCLIUIIJIMHED) C
odopmireHuEM
npuiioxeHus 1

Ilpunooicenue 1
IIpogheccuonanvhuvle 6a3vl OAHHBIX, UHPOPMAYUOHHO-CNPABOYUHBLE CUCTHEMDBL

1. Dy1eKTPOHHO-0UOJINOTEYHbIE CHCTEMBbI:

1.1. ludposoit oOpazoBarenbHbIil pecypc [PRsmart : anekrponHo-OubnuoTeuHas cucrema :
caiit / OOO Kommnanus «Aii [Tu Ap Menuay. - Caparos, [2022]. — URL: http://www.iprbookshop.ru.
— PexxuM moctyna: 1uis 3aperucTpup. mojap30BaTenei. - TeKCT : 31eKTPOHHBIM.

1.2. O6pasoarensHas rmiarpopma FOPAMT : oGpasoBaTenbHblil pecypc, SIEKTPOHHAs
oubnmoreka : caiit / OO0 DnextponHoe m3narenscTBo FOPAUMT. — Mocksa, [2022]. - URL:
https://urait.ru. — Pesxxum goctyma: st 3aperucTpup. moab30Baresie. - TEeKCT : AJIeKTPOHHBIN.

1.3. ba3a nanHbIX «3JnekTpoHHas Oubnmoreka TexHuueckoro BY3a (OBC «KoncynbraHT
CTYZIEHTa») : JNIEKTPOHHO-OnOMMoTeuHas cucrema : caidt / OO0 IMomutexpecype. — Mocksa, [2022].
— URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum goctyna: aiasi 3apeructpup.
IOJIb30BaTeNe. — TEKCT : AIEKTPOHHBIN.

1.4. KoHcynbTaHT Bpayda. DJIEKTPOHHAs MeIUIMHCKas OMOIMoTeKka : 6a3a JaHHbBIX @ CalT /
OOO Bpicmias 1mIKoJga OpraHu3alldd M yIOPaBIeHUS  3ApaBooXpaHeHrneM-KoMIuiekcHbIN
METUIIMHCKUI KOHCAnTHHT. — MockBa, [2022]. — URL: https://www.rosmedlib.ru. — Pexxum nocryma:
JUISL 3apETUCTPUP. MOJIb30BaTENEH. — TEKCT : JIIEKTPOHHBIN.

1.5. bonbmast MeuIMHCKas OMOIUMOTEKA : 3JEKTPOHHO-0MOIoTe Has cucrema : caifir / OO0
bykan. — Tomck, [2022]. — URL: https://www.books-up.ru/ru/library/ . — Pexxum noctyma: s
3aperucTpup. MoJb30BaTenei. — TeKCT : AIeKTPOHHBIH.

1.6. OBC Jlans : snekTpoHHO-OMOMMOTEeYHas cucteMa : cailt / OO0 OBC Jlanb. — CaHKT-
[TerepOypr, [2022]. — URL: https://e.lanbook.com. — Pexum poctyma: s 3aperucTpHp.
MOJIb30BaTeNe. — TEKCT : ANEKTPOHHBIN.

1.7. OBC Znanium.com : sneKTpoHHO-OMOIHoTeyHas cucrema : caiit / OOO 3HaHuyM. -
Mockaa, [2022]. - URL: http://znanium.com . — Pesxum gocTyna : st 3aperucTpHp. MoJb30BaTeICH.
- TekcT : AMeKTPOHHBIH.

1.8. Clinical Collection : nayuno-undopmanmonnas 6a3a ganasix EBSCO // EBSCOhost :
[moptan]. — URL: http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-
414b-8763-97828f9f7e1%40sessionmgrl02 . — Peskum gocTyma : Uit aBTOPU3. MMOJIb30BATENCH. —
TekcT : AIeKTPOHHBIN.



http://www.iprbookshop.ru/
https://www.studentlibrary.ru/cgi-bin/mb4x
https://www.rosmedlib.ru/
https://www.books-up.ru/ru/library/
https://e.lanbook.com/
http://znanium.com/
http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-414b-8763-e97828f9f7e1%40sessionmgr102
http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-414b-8763-e97828f9f7e1%40sessionmgr102

MHuUHHCTEpCTBO HAyKH H BEICIIEro oOpa3oBanus PO Dopma
Y I1bSTHOBCKMI TOCY1apCTBEHHbIH YHUBEPCUTET
@ - Pabouast nporpamMma JMCLUIUINHBI

1.9. baza nannbpIx «Pycckuii Kak HHOCTPAHHBINY : AJIEKTPOHHO-00pa30BaTEIbHBINA PECYPC IS
MHOCTpaHHBIX cTyaeHTOB : caiiT / OO0 Komnanwust «Aii [Tu Ap Menua». — Caparos, [2022]. — URL:
https://ros-edu.ru. — Pexxum goctyma: uis 3aperucTpyp. mojib3oBatesei. — TeKCT : AIeKTPOHHBIH.

2. Koncyasrantllinwce [DnekTpoHHBIH pecypc]: cmpaBouHas mpaBoBas cuctema. /000
«Koucyasrant Ilmrocy» - DiektpoH. gaH. - Mocksa : KoncynerantlLiioc, [2022].

3. ba3bl TaHHBIX MEPUOAUYECKUX U3TAHUM:

3.1. ba3a maHHbIX nepuoauuecKkux u3manuii EastView : smextponnbie xypHayibl /| OO0
MBHUC. - Mocksa, [2022]. — URL.: https://dlib.eastview.com/browse/udb/12. — Pexxum goctyna : s
aBTOPU3. IIOJIb30BATENEH. — TEKCT : AIEKTPOHHBIN.

3.2. eLIBRARY.RU: Hnaywynas »snextpoHHass OuOimoreka : cautr / OOO Hayunas
Onekrponnas bubnaunoreka. — Mocksa, [2022]. — URL: http://elibrary.ru. — Pexxum nmocrtyna : s
aBTOPU3. NOJIb30BaTeNel. — TEKCT : AIEKTPOHHBIN

3.3. DnekrponHas Oubmuoreka «M3marensckoro noma «['pedennukos» (Grebinnikon) :
snekrponHas 6ubmmoreka / OO0 UJ] I'pebennukoB. — Mocksa, [2022]. — URL: https://id2.action-
media.ru/Personal/Products. — Pexum poctyma : Juis aBTOpW3. Moiib3oBareneil. — Tekcr :
3JIEKTPOHHBIMN.

4. @enepasbHasi TrocyaapcTBeHHass uHpopManuoHHass cucrema «HanmoHanbHas
JIEKTPOHHAsI OUOIMOTEKA | JIeKTpoHHas oubmnoTeka : caidt / ®I'BY PI'b. — Mockga, [2022]. —

URL: https://H30.pd. — Pexxum nmoctyma : Juist mosib3oBareseil HaydHou OmOmmoreku. — Teker :
3JIEKTPOHHBIMN.

5. SMART Imagebase : nayuno-undopmannonnas 6aza nanaeix EBSCO // EBSCOhost :
[mopTai]. - URL: https://ebsco.smartimagebase.com/?TOKEN=EBSCO-

1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum jgocryma : IS aBTOPH3.
nojib3oBaresieid. — Mi300pakeHue : 3JIeKTPOHHBIE.

6. @enepanbHble HHPOPMALMOHHO-00pa30BaTeIbHbIE MOPTAJIBI:

6.1. Enunoe okHO mocTyna K o0pa3oBareibHBIM pecypcam : (enepanbubiil mopran . — URL:
http://window.edu.ru/ . — TekcT : 3J€KTPOHHBIIA.

6.2. Poccuiickoe odpazoBanue : penepanbHblii mopran / yupenuteab OT'AY «PUILTO». —
URL: http://www.edu.ru. — TekcT : 3IeKTPOHHBIH.

7. O0pa3oBaTteibHble pecypebl Yal'y:

7.1. DnextpoHHass OubnmoTeuyHas cuctema Yiul'VY: Moaynb «IJIeKTpoHHash OMOIMOTEKa»
ABUC Mera-ITPO / OO0 «Jlara Dxcnpecc». — URL: http:/lib.ulsu.ru/MegaPro/Web. — Pexum
JIOCTYTIA : JUIsl TIOJIb30BaTeNield HayqHOW OMOIMOTEKH. — TEKCT : AJIeKTPOHHBIH.

CortacoBaHo:

3am. HavanpHauka YUTuT [/ KioukoBa A.B. / Z:Zﬁ' / 27.08.2022 r.

JomxnocTs cotpynnuka YUTuT DOHUO foAnycy jlara



https://dlib.eastview.com/browse/udb/12
http://elibrary.ru/
https://id2.action-media.ru/Personal/Products
https://id2.action-media.ru/Personal/Products
https://нэб.рф/
https://ebsco.smartimagebase.com/?TOKEN=EBSCO-1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741
https://ebsco.smartimagebase.com/?TOKEN=EBSCO-1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741
https://ebsco.smartimagebase.com/?TOKEN=EBSCO-1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741
http://window.edu.ru/
http://window.edu.ru/
http://www.edu.ru/index.php
http://www.edu.ru/
http://lib.ulsu.ru/MegaPro/Web

