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K. E. BYPAK
HBano-®paHKOBCKHIl HHCTHTYT HedTH W rasa

PABOYHUE ®OPMYJIbl ®OTOTPAMMETPHUYECKOI'O
METOIOA ONPEAEJIEHHA CMEILEHUHW PENEPOB
NMPO®UJIbHbBIX JIMHHUH

B paGore [3] mnpuBenena MeTOAHKAa H3MepeHHsS AedopMmari
NpH Ha/JHUHH CMellleHHH KOHTPOJBbHBIX TOYEK W H3MEHEHHH MOJ0-
JKEHHsI LEeHTpa NPOeKIHH (OTOrpaMMeTpPHUEeCKHM MeTOJOM, 3HauH-
TeJbHO paclIHpsIollasi ero BO3MOXKHOCTH. MIeH, H3JI0XKeHHbIe B
aToil paboTe, HCNOJIb30BAHBI HAMH NIPH pa3paboTKe METOAHUKH H3-
MepeHHSI CMELICHHil pemnepoB INPOMHIbHBIX JHUHHH Ha OTOJ3HAX.
[TocKONbKY B KauecTBe KOHTPOJIbHLIX TOYEK M TOYeK (pororpadupo-
BAHHS MOXHO IPHMEHSATh JioOble pemnepa, CMeLleHHe KOTOPHIX
olpe/e/eH0 Teo/le3NUeCKHM IlyTeM, NpPH HaJHYHH MEePTBHIX MHpPOCT-
pPaHCTB HJIM B CJIydyae CheMKH JJIHHHBIX NPOQUIbHBIX JHHHH MOXKHO
pasbupaTh IOCHEJHHE HA PSS YACTHBIX CTBOPOB C MOCJELYIOIIHM
nepecuetoM 1o ¢dopmysaM TpPaHC(HOPMHPOBAHHS KOOPAMHAT Hail-
JIeHHBIX CMEIleHHH Ha OoOLIui CTBOP.

Iast ompeneneHust (GopMys CMeLIeHHH penepoB HeO0OXOAHMO
VUHTHIBATh CJeAylollie OCOOEHHOCTH, BO3HHKAIOUIHE B JaHHOM
ciayuae: -

1) BBHIOOP HEMOABHXKHBIX KOHTPOJBHBIX TOYEK 3aTPyHHEH, H Bh-
6paThb XOTs OBl OJHY HEMOABHXKHYIO KOHTDOJIBHYIO TOYKY 4YacTo
HEBO3MOKHO;

2) OpPHEHTHPOBAHHE ONTHYECKOH OCH TIIPH ITIOBTOPDHOH CBHEMKE
BCJIE/ICTBHE 3TOr0 MOKET 3HAYHTeJbHO OTJHYAThCAd OT IEepPBOHA-
4aJbHOrO;

3) penepa, cMelleHHe KOTOPHIX ONpPeLeJsioT, Pa3MellaioT I0
NPOGHIbHBEIM JHHUAM B CTBODE.

[Ipu BBIBOZE hopMyJ IpeAnosaraeMm, 4To OJHA H3 TOPH3OHTAJIb-
HBIX COCTaBJISIIOIIHX IIOJHOrO BEKTOpA CABHKEHHS  OIOJI3HEeBOM
TOYKH (MPOEKIMs €ro Ha CTBOP JIMHHH) H3BeCTHA IO pe3yJbTaTaM
JIHHEeIHBIX H3MepeHHH. TOUYHOCTb JIHHEHHBIX H3MEPEHHH He HHXKe
1:10000. Takum ob6pa3om, (pOTOrpaMMeTPHUYECKHM METOJOM OIlpe-
JIeISIIOT  BEePTHKAJbHYIO COCTABJSMOLLYI0 HOJHOTO BEKTOpa CHIBH-
JKeHust AZ ¥ TOPH30HTAJIbHYIO NPOEKIHIO €ro Ha IIOCKOCTD, Iep-
NeHJUKYJsIpHYI0 cTBOpY AX.

[Ipu dororpadupoBanun (GOTOTEOAOJHT LEHTPHPYIOT Hal
O/IHUM M3 peflepoB (Touka S Ha puc. 1 U 2), COTHYECKYIO OCh IpH-
BOASIT B TOPH30HTAJbHOE [OJOXKEHHEe H ODPHEHTHPYIOT IO Hampas-
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JEHHIO pemepa, pACHOJOMKEHHOr0 Ha MNPOTHBONOJOKHOM KOHIE
tdotorpadupyemMoro CcTBopa, H300paxKeHHe KOTOPOro Ha CHHMKE
NPHHHMAETCH 33 HA4aJl0 KOOPAHHAT. 3HAUEHHsi BEKTOPOB CBHIKe-
Hus Touek § W 0 mpeanosaraioTes H3BECTHBIMH H3 TeOJe3HYECKHX
nabmoaeHuil.
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Puc. 1. Onpenenenne ropH3oH- Prc. 2 OnpeleseHne BEPTHKaILHON cocras-
Tanbiofl cocTaBASONeNd BEKTOpa agonieli BekTopa capHmkesns AY.

caamzRenns AX.

CMmenienne Ax 1 Az onpenendioT 4Yepes H3MepeHHbIe [NCEeBaoTa-
paNnakchl Ha KOHTPOJILHOH pi°, pz° W onpejpenseMoil pxi pzi Tou-
Kax no Gopmymnam:

Ax— (x¥"—x) = (pzi—pz°), (1)
Az= (2'—z2) = (pzi—p=7), (1a)
rae x, 2, X', 28 — KoopAHHATH ONpeie/seMoil TOUKH HA CHHMKE,

HOJYUEHHOM [0 H [10CJIe CMEIIEHHS COOTBETCTBEHHO;
/5T BRIBOJAA (POPMVIIBL TOPHAOHTAJILHON COCTABJAAIONIEH BEKTO-
pa casmxkenua AX oGpatamcs K puc. 1. 3necs S, OF — nomoxe-
HHE HEHTpPa NPOEKIHH H KOHTPOJLHOH TOUKH IOCI€ CMEIleHHS;
Y, Yo, Y’y Yo’ — OrCTOSAHHA A0 KOHTPOILHON H OHPEAEISAeMOil TOYEK
0 W nocjie cMelleHus;
Ha pnc. 1 nafizem

AX=X —X”. (2)



Hcnonb3yss H3BeCTHble (OpMyJibl TpaHCHOPMHPOBAHHS  KOOP-
JIHHAT, TOJYYaeM -

X”"=X’cos a—¥’ sin a-+AXg, (3)
rue ‘
sina = (AXo — AXs)/y,, cosa = (Yo +Ays+ AYo) /Yo = Y'[¥y

Benununny X’ Hax“meM no ¢opmye
X'=x"y'[f= (x+Ax) y'[f. (4)
[Topcrasass dopmyast (4) u (3) B (2), mocsae nmpeoGpasoBaHHil
onpezesieM
x( y y{;) e

AX=— = d
if . Yo fyo

"|- AX AX.S(-—F]), (5)
Yo

OTKy/la
Ax=x(y',—y°,,—1)+(Axo Axs>£—(Axs+AX)fy°. (5a)
y yo yo

Ias BoiBoza ¢opMyJbl OoNpefie/eHHs] BeDPTHKAJbHOU COCTaBJISIIO-
el o6paTHMCS K pHC. 2:

—AZ=Ae—AC=AB+BD+De—AC, (6)
riue
2’ (y — Ays) Ay z, z-y
BD = ——; De= ; AC=—. 6a)
7 7 P
Haiinem Bennunny AB=AQ—|—BQ
Zi () —2A
AQ —AF — AZS_L,)_’—AZS, BQ=M 2
o f
Orcrona
y
AB== (z0 A —l— f — AZs. (7)
IToncraBus q)opmyny (7) u (6a) B (6) u, mpuHsAB BO BHHMAaHHE,
uTo
zo ] Hauf; x(r) = (Zuaq = AZS"}' AZO) f :
Yo . Yo
nocjie npeo6pasoBAHHN IOJYUHM
— AZ = Zgu Y (i ) + 2 (AZs—AZy)
Yor - ofr o
+ZOA)}S—AZ{;+yi _Z Ays Ayizoz (8)

7 S it
Tle Zpauw — UpPeBHIIIEHHE TOUYKH HAJ IEHTPOM MPOEKIHH B IepBOH
cepuu HabJIOLCHHI.
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Yunruas, uT0 2;— 2’ = 2(;, ONpeReseM

1
— = Zunu —— AZs — AZ) —AZ
AZ= Zus¥ (}u yo) 3 (825 — 87) — AZst
Ay;+ Ays ) yﬁz
e (9)
( f el
Orciona
Az = — [ﬁzf—{—sz( ,)_;_J:(_AZS_T@@_
Yo Yo Yo

y - ¥

Auanusz dopmya (5) w (10) noxasbiBaer, 410 €CAH TOYHOCTh
JIHHEHbLIX H3Mepenuit He Huxe 1: 10000, dokycHoe paccrofinHe
H3BecTHO ¢ TouHOCThIO A0 0,1 MM H TOYHOCTH H3MEepEHHA KOOPJH-
HAT ¥ M z Ha cuuMke mopsiaka 0,02 MM, To BAHSIHMEM OLIHOOK
B OIpE/Ie/IeHHH THX BeJHYHUH Ha TOYHOCTbH ONpeEAeJieHHS] CMenleHHil
MOKHO npeHeOpeub, NOCKOMbKY OHO Oy/eT BbIpa)KaThCsl BeJHYHHA-
mMu He Gosee 1:200 000 orcrosHHS.

Cpenune gpajpaTHYeCKHE OLWINOKH ONpeleseHHst cMelleHni Go-
TOTPAMMETPHUECKHM METOAOM C HCHOJh30BaHHeMm ¢opmyn (5)
(10) naxoasT M3 BBIPAMKEHHN:

M= (f, mﬁz¢)2+ [(5}2—‘) (m, + m’-;,,s)] +
delonll S las e

/ 2 ’ 2 r 2
o (3’? mh) + (;’7 max,,) + [(i = 1) maxs] - a0y
0

IMpumem:
m.\y‘_ = ma,.s = May, ﬂhzs = Muz,= Maz's

MsX, == MaX = MaXs — == = ky; %= k.

C yuerom BBeleHHBIX BBIIe 0OO3HAYEHHII npejcTaBuM (op-
myns (11) u (12) B Gojiee opocroMm BHIe, YAOOHOM I OLEHKH
TOUHOCTH H OGOCHOBAHHS METOLHKH pabor:

ml, = (j—’,mud,)'+ 9 (fy may)? + m2y, B34 (ki — 102 (13)

m, = (%M.u'h)z—f- m2, (k24 (ky 4 1)2]. (14)
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Pe3ynbTaThl 3KCNEPHMEHTANbLHONH NPOBEPKH paGouux dopmyn

- Ax
y Ay CMelieHns, Mm OwWHOKH, MKM
4 4 e Ilosepurenn-
S HaMepen- Hble HHTEp-
ﬁ HUCTHHHbIE HbIE BaJbl, MM ma B
1 249,127 —182 —239,2 | Konr- 2,1
poiabHas
2 235,075 0 0 —0,1 0,8 1,0 3,5 6,5
3 215,523 0 0 —1,7 0,8 1,7 3,0 7,1
4 196,009 —225 —176,2| —177,7| 0,9 1,5 2,8 8,5
5 176,227 0 0 —0,1 0,6 1,2 3,1 6,6
6 156,509 —238 —107,2( —107,4( 0,6 1,2 3,3 7.5
7 137,138 0 0 —1,5 0,4 0,9 3,3 5,3
8 68,577 0 0 +1,4 0,2 0,7 2,8 5,0
0 62,079 —210 —133 Kourt- 1,8
poabHas
0 50,749 0 0 2,0

[TOCKOMIBKY HPOAOJIKHTEJNBHOCTh IIOJEBBIX PaGoOT B OCHOBHOM
3aBHCHT OT O0beMa reoJe3HYeCKHX H3MEPeHHH [0 OIpee/eHHI0
CMelleHHi KOHTPOJLHBIX TOYEK, TO METOJHKA BBEIEHHsS MOIMpaBOK
3a HapylIeHHE 3JeMEHTOB ODHEHTHPOBAHHS OBlIA MNpPHHSATA Ta-
KOH, TPH KOTOpOIl TpeGyeTcsi MHHHMAJIbHOE KOJHYECTBO 3ITHX
TOYEK.

BeaenctBue Toro, uto abCHUCCHl TOYEK HA CHHMKE He IpeBbI-
maioT 1—2 MM (TOUKM pacHoJIOKeHLI B CTBOpE), HCIpaBJICHHBIE
3HAUeHHs CMeIleHHH 10 OCH X—AXpen MOXKHO HaHTH 10 dop-
MyJaMm:

Ax;{cn = AX'aA xx; (15)
0A x.= (Ax' — Ax! ) z/z!, (15a)

BbIY

rae Ax) . — PasHOCTb NCEBJONApa/NaKCOB Ha TOuKe |, HCHOb-
3yeMoii B KauecTBe KOHTPOJIbHON, BBIUHCAEHHAasl 1Mo dopmysae (Ha).
C opHOil cTCPOHBI, TOuKa | [J0/2KHAa HAXOJUTHCS HA MaKCHMAaJb-
HOM OTCTOSIHHH MO OCH 2 CHHMKa oT Touku O, ¢ Apyroit CTOPOHHI,
u3 ¢opmya (12) caenyer, uro Touka O moO/uKHA GBITH PACHOJIOZKE-
Ha Ha Ja/jbHeM TJaHe (B 3TOM ciayvae Ry OyleT MHHHMAJbHBLIM),
II03TOMY B KaueCTBe KOHTPOJbHOI TOUKH JIyyllle BCEro ONpeLessiTh
o/mzKafinii K Touke S pemnep.

Hcnpasiennble 3HaYeHHsI CMELICHHH 10 OCH 2 HAXOJWJIH IO
dopmy.aam:
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TaGaunua l
rpPAMMETPHYECKOT0 MeTOAa OnpelelieHHsl CMEeLleHHH penepoB NpPOJOJbHBIX JHHHI

Ax
CMemenus, MM OmnbKH, MKM OTHOCHTEALHBIE
TloBepuTeabHbie = e OUS"?;" )
P ua»:‘eb{)eeu- MHTEPBaNbl, MM - " EA.rzzn—AxZi:))/;j
He uame- —+194 0,9 2,5 3,6 5,6
paH
Konrp. 3,1 1:2 350 000
0 —2,0 0,6 2,2 2,8 4,6 1: 127 000
He uswme- —+64,3 0,7 2,1 3,3 5,4 1: 131 000
panu
—3,1 0,7 2,0 2,9 5,8 1:1 760 000
1: 57 000
He uame- +-88.5 0,7 1,9 1,8 7,3 1: 782 000
SITH
1 —5,0 —6,9 0.4 L7 2.3 5,0 1: 91 000
1: 72 000
0 —0,4 0,2 1,3 1,8 3,2 1: 50 000
1: 170 000
He usme-| 65,2 0,2 1,3 1,8 4,4
psian
0 1.3

Az’ = Az —BAf*  (16) Az, =Az' —3Ae;  (16a)
3A0 = (2/2')? (A2 — AZL ). (166)

BblY

Il npoBepKH INpejsaraeModl METOAHKH Obl1 BBIMOJHEH CJe-
Aylouuii 3KcnepuMenT. Ha oaHO# M3 NPOQHIbHLIX JIHHHI ONOJ3HEe-
BOIl CTAHIIHH B ABYX CEPHSIX NapaJliielbHO ¢ KOMIIEKCOM T€O/Le3H-
YeCcKHX paboT ObLIH NpoBeleHbl H paboThl 110 (OTOrpaMMeTpHyec-
KOMY H3MEepEHHIO NpeasnaraeMoil MeToAHKo#H Benudun AX u AZ.
[eosesnyeckne padOThl BKJIOYAJH: a) TMPOBEAEHHE JIHHEHHBIX
usmepenuii — Ttounoctb 1:10000; 6) reomeTpHueckoe HHBEIHPO-
BaHHE OMOJ3HEBBLIX TOUEK MO Iporpamme 2-ro K.

PesysbTaThl reoje3nyecKHx HaOMIOACHHI TO3BOJHIM CAeJaTh
BBIBOJ, YTO Ha JIaHHOM y4acTKe 3a IepHOJ MEXIy ABYMS CepHAMH
HabJ/I0/IeHHil OMOJI3HEeBble SIBJIeHUs He mposiBasfauck. [Tostomy B Tex
ciayuasix, KOT/Ja BO BTODOii CepHH MapKH OBIIH yCTaHOBJIEHBI TMPH
IOMOIIH JKECTKHX OTBECOB TOYHO Ha OMNOJI3HEBBIX TOYKAX, Kak H
B TMEpBOH CepPHH, HCTHHHbIe 3HAYECHHSI H3MePSeMbIX CMelleHHH ObLIH
npunsitel paBubiMi 0. Kpome TOro, wacThb Mapok BO BTOPOH CepHH
Obl1a crenuadbHO CMelleHa N0 OTHOHICHHI0 K HX NepBOHAauvaJbHO-
My TOJIOKEHHIO B [EepBOii CcepuH. 3HAaueHHs 3THX CMELIeHHH M0
ocH Z ObLIH ompefiesieHbl ¢ omuOKoi He Gogee 0,5 MM.

* Tlonpasky 0,; 3a H3MeHeHne (OKYCUOTO PACCTOSHHS ONPE/EHSIH MO Me-
TOHKE, NpeasoxenHoil B pabore [2].
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Pa3HocTh BBICOT IITAaTHBOB B CPABHHBAEMBIX CEpUSIX HA TOUKe
S, uaMepeHHass NpH nomoliu HuBeaupa H-1 M MTPUXOBOH HHBap-
HOH peiikH, coctaBusna 165,3 mMm. Ilepeman temmepaTyphl BO3JAyxa
BO Bpemsi HaGJIOJEHHH B IIePBOH M BTOPOiHl CEepHSIX COCTABJsA 2°

B kaxpmoii cepun HaGJIOJeHHH SKCIOHHPOBAJH IO BOCEMb MJIa-
CTHHOK, KOTOpPble OJHOBPEMEHHO OBIJIH MPOSIBJEHBl U OT(MHKCHPO-
BaHBl B KHCJIOM nyOsiiem ¢HKcaxe. MamepeHue IceBionapaJsiiak-
COB NPOBOJAWJH HA CTEKOMeTpe HapoAHoro mnpeanpuatrus «Kapa
Lleiiccs Viena (I'LIP). Ilpu m3MepeHHH NCeBAONAapaJakKCOB HaBe-
IEeHHs] Ha KaXIYI0 TOYKY HPOBONHJIH J[Ba*KAbl KaK IPH MPSMOM,
TaK U OpH 00paTHOM XOJe. 3a BeposiTHelllee 3HAaYeHHE NPUHHMAJH
cpenHee aphpMeTHUeCKOe M3 NMPSIMBIX U 0OpaTHBIX X0L0B. M3mepe-
HHUSI C pasHHLEll pe3ysabTaToB Oojee 15 MKM MexAy XonaMmu Opa-
KOBaJW H B JajbHeHlIyio o6paboTky He BKaouand. Ilo pesyubra-
TaM H3MEDEHH ONpEeJe/sIH CpeHHe KBaJpaTHYecKHe OLIUOKH
BEPOSITHEHIINX 3HAUEHHH, HMCIOJb3Ys DPa3HOCTH /[BOHHBIX H3Mepe-
HUH d (pa3HOCTH MeXKJy 3HAUEHHSAMH NPSIMOro H O6pPaTHOrO Xo-

I0B), mA=l§l//Ed—~n?].

PesynbraThl IpHBEJEHB B TabJaulle.

3HayeHHsi CMELIEHHH ONpeieJsiJH, HCNoab3ysi GopMyanl ()
u (9). [onpaBku 3a HapyuUICHHE 3/1€MEHTOB ODHEHTHPOBAHHUS BBO-
nuau no ¢gopmyaam (15a), (16a), npuMensisi B KauecTBe KOHTPOJIb-
HbIX Toukd O u 1. HafileHHble ¥ HCTHHHBIE 3HAYEHHS] CMELICHHI
npuBe/eHsl B Tabaule. Bee BhUHC/ICHHS BBINOJIHEHb Ha DLIBM.

JloBepHuTebHbIE HHTEPBAJBl IS MCTHHHBIX 3HAYCHHH H3Mepsie-
MBIX CMEIIEHHMH ONpelefsyIi 1O BHYTPEHHEH CXOAHMOCTH pe3yJib-
taToB ¢ BepositHocTbio 0,683. CpaBHeHue HX C HCTHHHBIMH 3Haue-
HHSIMH M3MepSieMbIX BEJHYHH MOKa3aJjo, 4TO 3TOT KOHTPOJb HEJO-
CTAaTOYHO HaJeXkeH.

Bojice 060CHOBAHHBIM AaHaJW3 TOYHOCTH MOXKHO CJeJaTbh Ha
OCHOBZHHH pelleHHs mnpsiMoii 3anaun [5] mo dopmynam (13)
u (14).

Owmu6KH 1EeHTPUPOBAHHSI XOPOLIO H3YY€Hbl, M Ha OCHOBAHHH
CIPaBOYHBIX AAHHBIX [4] mpuMem uX paBHBIMH Max=0,5 MM. Be-
JMUHHA Mz B HalieM cjydae Takxke Osia pasHa 0,56 mm. Ouru6-
Ky May ONPENENsIH N0 JAHHEIM O TOYHOCTH JIHHEHHBIX H3MEpEeHH.
Takim 06pa3oM, BCe BeJHUHHDBI, BXOJsUIHE B (QOPMYJIHI (13) u
(14), ¥3BeCTHBl JOCTAaTOYHO HAJEKHO, KPOME BEJHYHH Mz, H
Max - X HAXOMMIH 1O BHYTPEHHEH CXOAMMOCTH DPe3yJbTaTOB, HC-
nosb3ysi opmyay Beccens [1], Ipu yCaOBHH, YTO BEJIHYMHB May,
Max, U Max OJHHAKOBO HCKaXKalOT ICEBAONApaJJaKChl COOTBET-
CTBYIOIIMX TOYEK Ha BCEX MJIACTHHKAX.

AHajin3 NAaHHBIX TAa6GJUIbl B PacyeThl TOYHOCTH MO (opMyJiam
(13) u (14) pamoT BO3MOXKHOCTH CA€IATH BBIBOA, 4TO TOYHOCTH
onpejeaeHdsi COCTABJSIONMX BEKTOPOB C/BHMKEHHS IPH MPHMEHE-
HUM JAHHOH METOJAHKH IJIaBHBIM oOpasom Oy/JeT 3aBHCeTb OT IO-
rPEIIHOCTElH, ¢ KOTOPBIMH MBI ONpeAesieM CTaOHIbHOCTD penepHOH
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OCHOBBI, IOCKOJILKY CpeJiHsiAl KBaJpaTH4yecKasi QTHOCHTEIbHASA OUIHO-
Ka CcoOCcTBeHHO (DOTOrpaMMeTpPHUECKHX H3MEPEeHHH He HHKe
1 : 70 00O0.

Onwit pabor no npHMeHeHHI0 (POTOTPAMMETPHYECKOrD MeToaa
B3amMeH CTBOPHBIX HaOJIOJACHHA H TeOMeTPHYECKOro HHBEAHPOBa=
HUfA penepoB NPo(HALHBIX JHHHH, NPOBEIEHHBIX ABTOPOM, TaKKe
MOKa34/1, UTO HAPALY C THM NpeAnaraemMasi MCTOAHKA 3HAYHTE/b-
HO YBENHYMBAET NPOH3BOAHTENBHOCTh NOJEBHIX paboT W NMOBHIIAET
X 0€30MacHOCTb M0 CPABHEHHK C TPAJAHNHOHHO NPHMEHAEMbLIMH
reofe3HyecKHMi MeTOaMH.

Cricok Jureparypm: 1. laddaes 1. A., Boaswakos B. /. Teopusa matema-
THUecKO# 0GpaboTkH TeojesHyecknx Hamepennil. M., Henpa, 1969. 2. Haren-
xo M. E., Ob6epemox JI. B. O BiusHuH TEMNEpaTyps Ha (OKYCHOE pACCTOsHHE
kamepn oroteonoanra. — [eoxesus u Kaprorpagms, 1970, Ne 8. 3. Cepdio-
kos B. M. QovorpaMMeTpHsi B NPOMLIIIICHHOM H TPAKAAHCKOM CTPOHTENLCTBE.
M., Hespa, 1977, 4. Cupasoysunk recseancra. M., Henpa, 1969. 5. Carrux B. C.
OCHOBEI 4HaJH33 W pacdera TOUHOCTH TeOJe3HYECKHX HaMepeHHil B CTPOHTeNb-
cree. M., Crpofinanar, 1974

PaGora nocrynuaa 2] maprta 1978 roza. Pe-
KoMeHnoBaHa Radeapoll npukaagdoil reope-
aun  HMaano-PpankoBcKOrD MHCTHTYTA HedIu
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